RAA 2021 Vol. 21 No. 5, 117(8pp) doi: 10.1088/1674-4527/21/5/117

(© 2021 National Astronomical Observatories, CAS and IOP Publishing Ltd.

http://www.raa-journal.org  http://iopscience.iop.org/raa

Research in
Astronomy and
Astrophysics

New open clusters found by manual mining of data based on Gaia DR2

Juan Casado

Facultad de Ciencias, Universidad Autnoma de Barcelona, 08193, Bellaterra, Catalonia, Spain; juan.casado@uab.cat

Received 2020 September 11; accepted 2020 November 19

Abstract The physical nature of a series of 20 new open clusters is confirmed employing existing data on
putative star members, mainly from the second Gaia Data Release (DR2). The clusters were discovered
as overdensities of stars by visual inspection of either photographic DSS plates or proper motion plots of
random source fields. The reported objects are not present in the most comprehensive or recent catalogs
of stellar clusters and associations. For all of them, clumps of comoving stars are revealed in the proper
motion space. The parallaxes of the clumped stars are compatible with the real existence of open clusters
over narrow ranges of distances. Surface density calculations, free of most noise from non-member sources,
allow differentiating a cluster core and an extended cluster corona in some instances. Color-magnitude
diagrams generally show a definite main sequence that allows confirmation of the physical existence of the
clusters and some of their characteristics. Two of the new clusters seem to form a double system with a
common origin. Several of the new clusters challenge the claim of near completeness of the known OC
population in the distance range from 1.0 to 1.8 kpc from the Sun (Kharchenko et al.).
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1 INTRODUCTION

Open clusters (OCs) are metastable groups of stars that
were born together and still move together as they are
gravitationally bound. Nonetheless, OCs slowly dissolve
through the ages due to the Galaxy’s tidal field, interactions
between their members, and close encounters with external
stars and molecular clouds (Carraro 2006). Consequently,
most of the studied OCs are younger than 10° yr
(Kharchenko et al. 2013; Liu & Pang 2019). OCs are
fundamental laboratories to study the formation and
evolution of the stars (e.g., Mermilliod 1981) and the
formation and structure of the Galactic disk (Magrini
et al. 2017; Cantat-Gaudin et al. 2018). It is currently
accepted that most if not all stars form as members of
a cluster embedded in its parent molecular cloud (e.g.,
Portegies Portegies Zwart et al. 2010). The key features
of OCs for understanding stellar evolution are that all
members of a given cluster have essentially the same
age and initial chemical composition and are at the same
distance. Therefore, the different evolutionary stages of
these stars depend basically on their masses. For instance,
color-magnitude diagrams (CMDs) of OCs offer empirical
isochrones to compare with the theoretical models of
stellar evolution (Marigo et al. 2017; Spada et al. 2017).

From the density of OCs in the solar neighborhood,
it can be estimated that the Galaxy contains at least
100000 OCs (Koposov et al. 2008). However, no more
than 5000 are known (Bica et al. 2019), and only a small
fraction of the Milky Way is well studied (e.g., Kharchenko
et al. 2013), which evidences that current Galactic star
cluster catalogs are incomplete (Cantat-Gaudin et al.
2019). The main reason is that most stars in the Galaxy
cannot be observed with sufficient precision, either due
to extinction by interstellar dust and/or because they are
too far away. Nowadays, virtually all new OCs are found
through automatic data-mining techniques (e.g., Guo et al.
2018) and sometimes machine-learning algorithms that
work out the plethora of data from large stellar databases
and new information provided by space missions, such
as Gaia (Gao 2017; Cantat-Gaudin et al. 2018; Castro-
Ginard et al. 2020). The second Gaia Data Release (Gaia
DR2) provides precise full astrometric data (positions,
parallax and proper motions) and three-band photometry
for about 1.3 billion stars (Gaia Collaboration et al. 2018).
Conversely, the classical work of individual observers
discovering new OCs by visual observation or inspection
of photographic plates is minor and increasingly difficult.
But the number of unknown clusters is so large that there
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Fig.1 Star field around Casado 2 in the galactic coordinate
system. A ring-shaped overdensity of stars near the center
of the image was the first hint of the new OC candidate.
The horizontal field of view is 19.2 arcmin.

is still some room for such kind of findings. On the other
hand, Gaia DR2 data allow us to manually confirm if an
apparent local overdensity of stars is a real OC or a mere
asterism.

The present paper reports a preliminary study using
the Gaia DR2 catalog of 20 new OC candidates visually
detected (Casado 2 to 21; Casado Alessi 1 was previously
identified (Casado 1990; Alessi et al. 2003)). The paper is
organized as follows. In Section 2, the discovery and first
preliminary data of OC candidates are presented, with their
novelty being verified referencing up-to-date star cluster
catalogs. In Section 3, the proper motions and parallaxes
of candidate members are determined and an estimation
of distance is provided. In Section 4, the surface densities
of possible star members are calculated and utilized to
obtain the OC radius. In Section 5, the CMDs of these
new star cluster candidates are presented to assess their
real existence. In Section 6, the special case of a new
double cluster is described. Some concluding remarks are
summarized in Section 7.

2 THE DISCOVERY OF NEW OC CANDIDATES.

Some of the present OC candidates were discovered as
overdensities of stars by visual inspection of photographic
plates closer than 5 to the galactic plane using the Aladin
service of CDS (https://aladin.u—-strasbg.
fr/AladinLite/), as part of a long-term survey. For
instance, Figure 1 displays the DSS colored star field
around the center of the OC candidate Casado 2, located
at [ = 288.62 and b = —0.26 in galactic coordinates («
= 163.41 and § = -59.82 in J2000; determined precisely
after studying the OC). A ring-shaped overdensity of not
too faint stars (G-band magnitude < 18) embedded in
nebulosity is perceptible in the central portion of the image.

On the other hand, one of the new cluster candidates
was first noticed due to a lower density of stars in a part
of the field (Fig. 2). The anomalous presence of only a
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Fig.2 Star field around Casado 3 in the galactic coordinate
system. The presence of bright nebulosity and the lower
density of stars led to the identification of this OC
candidate. The horizontal field of view is 14.5 arcmin.

few bright stars and bright nebulosity led to a further
study of this case. The local density of Gaia DR2 sources
was also much lower than that of the surrounding field.
Such anomaly is due to the obscuration of the background
stars by the parent molecular cloud LDN 1670, which is
visible in Figure 2 and where new stars were born. At least
five young stellar object (YSO) candidates are infrared
(IR) sources in the Two Micron All-Sky Survey (2MASS)
archival image of this young embedded cluster but are not
recorded as sources by the Gaia mission.

Finally, most of the OC candidates (entries #4 to #6,
#8 to #10, #12 to #16, and #18 to #21 in Table 1) were
first found as crowds of sources in the proper motion space
of random fields (routinely with area of 1 x 1 deg?) in
selected regions of the galactic disk. For example, Figure 3
features the plot where Casado 4 was discovered as a
distinct patch of sources with consistent proper motions
centered at proper motion of o, jt,, =—5.7 mas yr—!; proper
motion of §, us = 5.3mas yr—!. Errors associated with
these mean properties are large enough to encompass all
the clumped sources and rounded up to one significant
figure. In this case, the final ranges of proper motions
required as a necessary condition for any star to be
considered as a member of Casado 4 are 1, = —5.7 £
0.2mas yr !, us = 5.3 & 0.3mas yr—!. The rest of
the clumps in the image were not identified as new OCs
and manifest motions similar to the mainstream motions
of field stars, suggesting random crowding of unrelated
sources.

All the so detected OC candidates were searched in the
most comprehensive and/or recent catalogs of star clusters
and similar objects published by the end of May 2020
(e.g., Buckner & Froebrich 2013; Kharchenko et al. 2013;
Schmeja et al. 2014; Joshi et al. 2016; Cantat-Gaudin et al.
2018; Bica et al. 2019; Cantat-Gaudin et al. 2019; Liu &
Pang 2019; Sim et al. 2019; Castro-Ginard et al. 2020). No
known clusters or associations of stars were found which
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Fig.3 The distribution of proper motions (in mas yr—1)
of all stars brighter than G = 17 within a 1 x 1 deg?
square centered at o = 125.8 and 6 = —37.6. Casado 4
was first detected as a clump of sources at i, = —5.7 &
0.2mas yr—!, us = 5.3 & 0.3 mas yr—! (encircled by an
ellipse).

could be compatible with the present candidates; i.e., as a
rule, the OC candidates are not located within the angular
radius of any of the documented clusters in the literature.
Exceptionally, when there is a known OC in the same field
as any of the candidates (i.e., the centroids of both objects
are closer than the addition of their apparent radii), it has
been demonstrated that proper motions and/or parallaxes
of both objects are not compatible.

As expected, most of the star overdensities I have
found by visual inspection of numerous digitized plates
or proper motion plots happened to be already known
OCs, embedded clusters, OC remnants or candidates.
Moreover, most of the overdensities not previously
cataloged happened to be mere asterisms, i.e., they do
not bear the common properties of OCs: parallaxes,
proper motions and coherent CMD. Nonetheless, some of
these overdensities are the new OC candidates reported
here since their real existence as physical groups can
be reasonably ascertained, as affirmed in the following
sections.

3 PROPER MOTIONS AND PARALLAXES

Unless otherwise noted, only stars of G-band magnitude
< 17 have been routinely considered in this study to
keep astrometric errors within reasonable limits. Typical
parallax errors grow exponentially with magnitude and
reach 0.1 mas —which is a substantial fraction of the
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Fig.4 Parallax error (in mas) as a function of G-band
magnitude for the ensemble of stars in a random field of
100 arcmin.

parallaxes of most of the new clusters (see Table 1)—
for stars of magnitude G ~ 17 (Fig. 4). Specifically, it
has been calculated that for the Gaia sources with five-
parameter astrometric solutions, the median uncertainty in
parallax and position at the reference epoch J2015.5 is
about 0.04 mas for bright (G < 14) sources, 0.1 mas at G =
17 and 0.7 mas at G = 20 (Lindegren et al. 2018). The
minimum error in proper motions also grows exponentially
and exceeds 0.1 mas yr~! around magnitude G = 17.
Once the approximate positions of the subject OC
candidates were defined, the proper motions of all of them
were determined. For instance, Figure 5 shows the proper
motion space of stars brighter than G = 17 in a square field
of 28 x 28 arcmin?, centered on the OC candidate Casado
5 (I= 51.20, b = -3.15), which is a disperse grouping,
undetectable in the photographic plates, but detached from
the field stars in this plot. In this case, the proper motions
are i, = —4.740.2mas yr~! and p5 =2.24- 0.2 mas yr 1.
Next, the parallaxes of the stars selected according
to such proper motions were used to determine the mean
parallax of the mentioned clump of comoving stars.
Following the same example, the parallaxes of 17 out
of 23 comoving stars in a field of radius 14 arcmin are
in the range from 0.75 to 0.82 mas, with all individual
standard errors lower than 6%. It is thus clear that there
is a real concentration of stars in five-dimensional space
(i.e., position, proper motions and parallax), with a mean
parallax of 0.79 £ 0.04 mas. The median of all these
parallaxes is 0.78 mas. A common distance, d = 1.23 +
0.06 kpc, is inferred after correcting for a global offset
of 0.029 mas since Gaia DR2 parallaxes are too small on
the whole (Lindegren et al. 2018). Nevertheless, it cannot
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Fig.5 The distribution of proper motions (in mas yr—!) of
all stars brighter than G' = 17 within a 28 x 28 arcmin?®
square centered at o = 119.42 and 6 = -35.13. Casado
5 is noticed as a conspicuous clump of sources encircled
around g, = —4.7 &+ 0.2 mas yr—!, pus = 2.2 &+ 0.2 mas

yr

be ruled out that any other star in this field could also be
a member of the cluster that is running away as the OC
evaporates and which has proper motion that is different
from the mainstream group.

4 SURFACE DENSITIES AND RADII

Surface density F' is defined as the number of stars (V)
per unit area of the celestial sphere. OCs are assumed to
have spherical symmetry in surface density calculations,
namely,

dN = 2nrFdr (1)

Surface density profiles are routinely utilized for
cluster radius determination (e.g., Seleznev 2016). A
review of arguments in favor of the usual existence
of cluster coronae, extended sparse outer regions often
beyond the tidal radii of OCs, has been presented by
Danilov et al. (2014). The corona radius, i.e., the overall
radius of an OC, is defined as the radius where F' equals
the average stellar density of the surrounding field. Cluster
coronae are usually difficult to ascertain due to low stellar
density in the corona and random fluctuations of the
stellar density in the background. Therefore, reported OC
radii have often been underestimated (Seleznev 2016).
Nowadays, however, with the help of source data such
as Gaia DR2, it is possible to remove most of the
contamination due to background stars that are not cluster
members, and the presence of OC coronae is more clearly
revealed.

Let us see an example. Following the method already
described for other OC candidates, Casado 6 (galactic
coordinates [ = 249.09, b = +0.14) was determined to have
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fte =—2.9 + 0.3 mas yr !, s = 3.5+ 0.3 mas yr~! and a
mean parallax plz = 0.22 4 0.04 mas. To discard the stars
with different proper motions and parallaxes (which most
probably are non-members of the OC), in this section, only
the sources constrained by the quoted proper motions, both
in o and 0, and parallax are considered. In this way, most
noise from non-member field sources is removed. The
positions of the selected stars in a wide field of 60 arcmin
are plotted in Figure 6. We may notice a concentration
of sources near the center of the plot, the OC core (r
< larcmin) and an apparent cluster corona extending to
r ~ 4 arcmin.

These visual estimations have been refined through
surface density analysis. F' is maximal at the inner
core (ca. 3 arcmin~2). Then, the surface density profile
decreases gradually down to practically coincide with the
background surface density for concentric annuli of r =5
arcmin and wider. These results allow estimating an actual
OC radius R of 5 & 1 arcmin, which is significantly more
extended than the cluster core (Fig. 6). From an estimated
parallax distance of 4.0 kpc, the physical radius of the
cluster would be around 5 pc, which is normal for OCs.

A preliminary number of plausible star members is
established by counting the Gaia sources within such a
radius that fulfills the constraining conditions of the OC;
i.e., only the stars having position, parallax and proper
motions within the constraining ranges so established are
selected as probable OC members. In this case, the number
of putative cluster members (G < 17) with r < 5 arcmin
is 21, which results in an average surface density F
= 0.27arcmin~2, ca. 5 times the estimated background
density. Such a large ratio of average surface density
members versus background is obtained due to the noise
removal method applied, which is remarkable since this
cluster (as most of the OCs described here) is barely
noticeable in the DSS plates.

5 COLOR-MAGNITUDE DIAGRAMS

Finally, the CMD diagrams were obtained to verify the
existence of the new OC and to confirm or modify some of
the basic data found, such as the distance and the number
of member stars. Let us consider, as an example, the small
OC Casado 7 (Table 1), which is barely detectable as an
overdensity of stars apparently near the molecular cloud
PGCC G000.18-00.50, which is however much farther
away (3.24 kpc; Planck Collaboration et al. 2016). To
select only the most probable members of the cluster, the
CMD was constructed with the stars that satisfy » < 2.5
arcmin and that fulfill the constraining conditions: plx =
0.58 + 0.06 mas, (o = 0.5 £ 0.5 mas yr—! and ps =
—1.5 + 0.5 mas yr—'. In this case, dimmer stars (G <
18) were also included to complete the tail of the main
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Fig.6 Location of potential members of OC Casado 6
in J2000 coordinates. Most noise from non-member field
sources has been removed, and both the OC core and
corona are noticeable. A circle encloses the most probable
OC members.
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Fig.7 G magnitude versus color index BP-RP, which
refers to the difference between Gaia blue and red
magnitudes, for the most probable members of OC
Casado 7.

sequence (this procedure has been applied in other CMDs,
as reported in Table 1). In spite that the total number of
sources with such characteristics is only 21, the resulting
CMD (Fig. 7) shows a defined main sequence.

The temperature estimate of the bluest star in Figure 7
(Gaia DR2 source 4057305315042854144) varies in the
literature between T.g 6000 K (Gaia data estimate
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from Apsis-Priam) and T.,g 11000 K in the VVV
survey (Grosbgl & Carraro 2018). This could be due
to the existence of a close companion less than 4
arcsec away, which may contaminate the source data.
On the other hand, the second bluest Gaia DR2 source
(4057305353733574400) is resolved well. It is most
probably a main-sequence star, taking into account its
position in Figure 7 (in the upper-left region of the main
sequence) and the fact that it is considered to be a solar-
type dwarf (Nascimbeni et al. 2016). Reported data for
this source distance (d) range from 1.56 kpc (Anders et al.
2019) to 1.63 kpc (Bailer-Jones et al. 2018), confirming
the OC distance (1.6 kpc) obtained here from its median
parallax. The estimated stellar mass according to the
StarHorse catalog (Anders et al. 2019) is 2.3 £ 0.5 solar
masses. Then, assuming that this is the closest star to the
turn-off point of the CMD towards the red giant branch,
Equation (2) can be applied to estimate the time (t,,5 in
yr) such a star populates the main sequence (Hansen et al.
2012), which should coincide with the approximate age of
the OC

tms = 1010 (Migar) =25, 2)

For M., = 2.3 + 0.5 solar masses, logt,s = 9.1 +
0.3, which is, though rough, a preliminary estimate of the
OC age.

Let us consider another example: Figure 8 displays the
CMD diagram of Casado 8 (Table 1). It contains all the
sources of G < 17, r < 14 arcmin, plx = 0.28 4+ 0.06 mas,
fo = —3.04+ 0.2 mas yr~! and pus = 1.7 £ 0.5 mas yr— 1.
In this case, I have been less restrictive and included all
putative member stars within the OC corona, even if some
outliers are encompassed in the graph. As a consequence,
the main-sequence band appears broadened, especially at
the lower end of fainter stars. However, the left-hand side
of the main sequence, from whose stars we expect to obtain
the most relevant data, remains well-defined.

The brighter star in this diagram (Gaia DR2 source
5548313485403766016) is certainly far away from the
main sequence. Accordingly, it is classified as a giant
star in the TESS Input Catalog (Stassun et al. 2019), and
its position in the CMD confirms it as a red giant. Its
reported distances range from 2.6 + 0.2 kpc (Anders et al.
2019) to 2.8 £ 0.3 kpc (Bailer-Jones et al. 2018), which
are compatible with the parallax distance obtained for the
whole OC (Table 1).

The bluest star that seems to lie in the main sequence
(Gaia DR2 source 5548316547730573056) would most
probably be, however, an evolved star (Gaia DR2 x
AllWise catalog, Marton et al. 2019), despite being also
classified as a dwarf (Stassun et al. 2019). In any case,
all reported distances are 2.8 + 0.5 kpc (Bailer-Jones
et al. 2018; Anders et al. 2019), compatible with the
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Fig.8 G magnitude versus color index BP-RP for the
putative members of OC Casado 8.

OC distance obtained in this work (Table 1). The same
classifications are assigned to the next brightest star on
the left-hand side of the main sequence (Gaia DR2 source
5548367056548165504). Anyway, the reported distances
of 3.4 £+ 0.9 kpc (Anders et al. 2019) and 3.6 kpc + 18%
(Bailer-Jones et al. 2018) are also well-matched with the
presently estimated distance of the new OC.

Similar analyses have been applied to other OC
candidates and their stars. It is noteworthy that a red
giant (Gaia DR2 source 5545561893139329664; Stassun
et al. 2019) of spectral type M0.3V (Pickles & Depagne
2010) was also found in Casado 5. Consistently reported
distances of that star, ranging from 1.17 kpc (Anders et al.
2019) to 1.19 kpc (Bailer-Jones et al. 2018), agree on the
distance found for the new OC. By the way, a distance as
low as 27 pc was also reported for the same star (Pickles &
Depagne 2010). Casado 14 also includes a red giant (Gaia
DR2 source 427781220887522560; Stassun et al. 2019).
Recently reported distances of that star are 3.9 + 0.6 kpc
(Bailer-Jones et al. 2018) and 4.0 & 0.7 kpc (Anders et al.
2019), also matching the parent OC distance (Table 1).

An iterative analysis, refining the membership and
properties of every OC candidate from first estimates, was
repeated until achieving self-consistency and accuracy for
them. All these studies lead to confirmation of the new
OCs as genuine physical systems with reliable data that
are summarized in Table 1.

The ensemble of data in Table 1 exhibits some trends.
Most of the new clusters are relatively distant (plz < 0.9
mas), small (11 to 33 stars) and disperse to the point of
being indistinguishable from field stars. These features
suggest that automatic surveys of OCs could overlook, at
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Fig.9 Location of putative members of OCs Casado 9
and 10 in J2000 coordinates. Most noise from non-member
field sources is removed, and both OCs are discernible.

least in part, this class of objects. In any case, the derived
physical dimensions of the OCs span from ~3 pc (Casado
7) to ~19 pc (Casado 8), matching the general statistics of
OCs. Fifteen of the new OCs are within 1°of the galactic
plane, and 19 of them are closer than 3.5° to the galactic
plane. The typical spread in mean parallaxes is ~ 0.06 mas
and in proper motions is ~ 0.3 mas yr~!. Thus, there are
practical limits for the application of astrometric Gaia data
to this kind of study, which are approximately G < 18 and
plz > 0.20 mas.

6 A NEW DOUBLE CLUSTER

Two of the clusters in Table 1, namely Casado 9 and 10, are
very close in position and very similar in proper motions
and parallaxes. However, they are not a single spread
cluster but a rather conspicuous double cluster (Fig. 9).
Two OC cores with a common corona spanning almost
30 arcmin are visible. In this case, the spherical symmetry
used for surface density calculations is not applicable.

To test the hypothesis of a double cluster, the overall
CMD diagram of the whole system (Fig. 10) has been built
with all the sources of G < 18 that fulfill the constraints
of both OCs (Table 1). Although some spreading of stars
is noticed, both main sequences fit perfectly, and the
distances reported for individual stars are consistent with
those reported in Table 1.

Again, some discrepancies are found in the reported
data for individual stars. The brightest source (Gaia DR2
5595803217986212736) is classified either as a main-
sequence star (Nascimbeni et al. 2016; Marton et al. 2019)
or a giant star (Stassun et al. 2019). It could be a blue
straggler. In any case, the reported distances to this source
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Table 1 Main results for 20 new OCs obtained in this study from Gaia DR2 for stars brighter than G = 17 (unless
otherwise noted) and constrained by consistent proper motions and parallaxes (see text for details). Positions are in galactic
coordinates. N refers to the approximate number of member stars within the adopted radius R.

oC l b plx d o ws R N
# deg deg mas kpc masyr—! masyr— ! arcmin
2 288.62 -0.26 0.39 +0.07 24405 -6.9+0.2 2.6 +0.2 2405 15
3 24890 -0.01 0.83 +0.09 1.16 £ 0.1 -4.7+0.7 48+0.7 4+0.5 15
4 256.10 -0.21  0.81 £ 0.08 1.24+0.1 57402 53+03 10£1 20
5 25120 -3.15 0.78+0.04 1.23+£0.06 -4.7+0.2 22402 14+1 20
6 249.09 0.14 0.22 £0.04 4.0+0.7 -29+03 35403 5+1 244
7 0.24 -0.50 0.58 +0.06 1.6 £ 0.2 0.5+0.5 -1.5+£05 25+£05 214
8 249.51 1.95 0.28 £ 0.06 33407 -3.0£0.2 1.7+ 05 10£1 30
9 24933 -0.69 0.24 +0.05 37406 -3.2+£0.3 37402 5+1 25%
10  249.16 -0.75 0.25+£0.05 36406 -3.1£03 36402 35405 274
11 119.86 -6.04 0.59 + 0.06 1.6 £0.2 -33+0.2 -26+03 6+t1 11
12 122.89 0.78  0.34 £ 0.08 2.84+0.6 -3.0£0.2 -04+02 35+£05 152
13 121.80 0.73  0.26 £0.04 34+04 -1.7+£03 -03+03 5+1 212
14 122.04 -0.26 0.21 £ 0.06 42+1 -2.14£0.2 -04+£0.2 3405 26°
15 11851 -0.08 0.34 +0.06 28+0.5 -2.1+£0.2 -0.8+02 45+£05 20¢
16 117.49 0.16  0.36 +0.09 2.6 0.6 -2.1+£0.3 -09+03 4+£0.5 33d
17 118.90 097  0.47 £0.07 204+03 -33+03 -1.0£0.2 4+£05 20
18 113.88 0.35 0.37 £ 0.1 2,54+0.8 -3.7+£0.2 -1.6 £0.3 4+£05 214
19 10893 -2.01 0.30 + 0.08 3.14+0.7 -33+03 -22+03 3+05 17¢
20 109.63 -346 0.52+0.06 1.84+0.2 -33+£0.1 -2.6+0.2 3405 12
21 107.77 0.26  0.38 0.09 24404 27402 -1.9+0.2 7+1 304
@ G < 18; ® Including YSO candidates; ¢ G < 20; ¢ G < 19.
are 3.2 £ 0.4 kpc (Anders et al. 2019) and 3.6 + 0.4 12
kpc (Bailer-Jones et al. 2018) and are compatible with the
estimated distances of both clusters (Table 1). 3
On the other hand, the second bluest star in Figure 10
(Gaia DR2 5595755251789398656) is classified as a
dwarf by Stassun et al. (2019). However, it is unclear if 14
it is the closest star to the turn-off point of the CMD. Its
reported mass ranges from 1.76 solar masses (Stassun et al. mca;gls
2019) to 2.70 solar masses (Anders et al. 2019). The large N
uncertainty in turn-off point and stellar mass precludes the 16
determination of a reliable age for this system. Fortunately,
the reported distances of 3.4 &= 0.5 kpc (Anders et al. 2019) -
and 3.7 + 0.3 kpc (Bailer-Jones et al. 2018) are again
compatible with our distance estimate (Table 1). On the
whole, these results indicate that all the member stars of 0 03 T E— >
this double cluster most probably have a common origin. BP-RP

7 CONCLUDING REMARKS

The discovery and the first study, mainly based
on Gaia DR2 data, of twenty new OCs are reported. The
OC candidates were found either as a slight overdensity
of stars in DSS plates or as a clump of comoving stars
in the proper motion space of random regions of the sky
near the galactic plane. They are not present in the most
comprehensive catalogs of such celestial objects published
by the end of May 2020.

The ensemble of comoving stars allows establishing
mean parallaxes and the corresponding distances of the
new OCs, which are in the range from 1.2 to 4.2 kpc
(Table 1).

Fig.10 Distribution of the most probable members of
the double cluster comprising Casado 9 and 10 in the G
magnitude versus BP-RP color plane.

Gaia DR2 data allow removing most of the back-
ground star noise. Subsequent surface density analysis
confirmed, in some cases, the presence of an OC core and
an extended corona, the size of which leads to the actual
radii of the clusters, R. The derived physical dimensions
match the known OC population.

The CMD diagrams show a definite main sequence for
the new OCs. Three of them most probably contain a red
giant.
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All the new OCs have few stars (11 to 33) and are
disperse. The automatic surveys of OCs could overlook
this class of objects. Otherwise, they probably would have
been detected earlier.

One of the new OCs (Casado 3) is being born,
judging by the presence of several YSO candidates and
an associated molecular cloud. Two of the OCs (Casado
9 and 10) appear to form a double cluster with compatible
properties but with two separate concentrations of stars.
Thus, all such stars probably share a common origin.

The claim of near-completeness of the known OC
population in the d range from 1.0 to 1.8 kpc (Kharchenko
et al. 2013) is questioned as six out of 20 new OCs lie
precisely in such interval of d (see also Cantat-Gaudin et al.
2019).

Finally, this work has affirmed that new OCs can be
identified manually. Gaia DR2 data allow their study and
eventual confirmation as real physical systems. Following
this method, a limited number of researchers could
significantly contribute to increasing the number of known
OCs.
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