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Abstract This paper presents a preliminary test of the k-th nearest neighbor distance (KNND) method
for detecting nearby open clusters based on Gaia-DR1. We select 38 386 nearby stars (< 100 pc) from
the Gaia-DR1 catalog, and then use the KNND method to detect overdense regions in three-dimensional
space. We find two overdense regions (the Hyades and Coma Berenices (Coma Ber) open clusters), and
obtain 57 reliable cluster members. Based on these cluster members, the distances to the Hyades and

Coma Ber clusters are determined to be 46.0+0.2 and 83.5+0.3 pc, respectively. Our results demonstrate
that the KNND method can be used to detect open clusters based on a large volume of astrometry data.
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1 INTRODUCTION

Nearby open clusters (OCs) provide an important op-
portunity to study many problems in astrophysics (e.g.,
stellar evolution and Galactic distance scale), since their
distances can be directly determined based on accu-
rate trigonometric parallaxes (Perryman et al. 1998; de
Bruijne et al. 2001; van Leeuwen 1999, 2009; de Grijs
2013). Hipparcos data (ESA 1997) have offered an im-
portant opportunity for the first time to investigate several
nearby OCs (Perryman et al. 1998; van Leeuwen 1999,
2009). The good news is that the Gaia astrometric satel-
lite is collecting high precision positions, parallaxes and
proper motions (PMs) for about 1 billion stars through-
out our Galaxy. Gaia’s main scientific goal is to clarify
the composition, formation and evolution of our Galaxy
(Gaia Collaboration et al. 2016b). The first Gaia Data
Release 1 (Gaia-DR1) contains positions, parallaxes and
PMs of about 2 million bright stars (~11.5mag). The
typical error is about 0.3 mas for parallaxes and posi-
tions, and about 1 mas yr‘1 for PMs (Gaia Collaboration
et al. 2016a; Lindegren et al. 2016). High precision as-
trometric data in the Gaia catalog will offer a new oppor-
tunity to study nearby OCs. However, effective methods

for fast detection of OCs in large volumes of data, such
as Hipparcos and Gaia catalogs, are lacking.

In this paper, we attempt to use the k-th nearest
neighbor distance (KNND) method to detect nearby OCs
within 100 pc of the Sun, using precise positions and par-
allaxes from Gaia-DR1. At the distance of the Hyades
cluster (~46pc) (Perryman et al. 1998), a parallax er-
ror of 0.3mas leads to a distance error of ~0.6pc,
which is much less than the cluster tidal radius (~10 pc)
(Perryman et al. 1998). Even at a distance of 100 pc, the
typical error of Gaia-DR1 parallaxes only leads to a dis-
tance error of ~ 3 pc. In other words, Gaia-DR1 can pro-
vide sufficient spatial resolution for stars within 100 pc
of the Sun, which allows us to analyze their spatial dis-
tribution in three-dimensional (3D) space. Although the
KNND method has been confirmed to be effective in OC
membership determination based on 3D kinematic data
(Gao 2016), its effectiveness in detecting OCs in large
volumes of data has never been tested. The remainder of
this paper is organized as follows.

In Section 2, we use the KNND method to detect
OCs and obtain reliable cluster members. In Section 3,
the distances of detected OCs are investigated based on
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parallaxes of reliable cluster members. The last section
summarizes the main conclusions of this work.

2 METHOD AND MEMBERSHIP

In data mining, cluster analysis aims to divide multi-
variate data into different subgroups (or clusters) using
various algorithms (Everitt et al. 2011). We have used
the DBSCAN and KNND clustering algorithms to de-
termine members of several OCs (Gao 2014, 2016; Gao
et al. 2015). The major advantage of our methods is
that prior knowledge about star distribution (or cluster
model) in OCs is not necessary. In other words, both
the DBSCAN and KNND clustering algorithms have the
ability to detect arbitrarily shaped cluster structures in
given data sets. Very recently, the DBSCAN clustering
algorithm was used to analyze the morphology of two
OCs, Czernik 20 and NGC 1857, and an unknown high-
density region was identified (Bhattacharya et al. 2017).
The KNND clustering algorithm is simple and easy to
implement. Its basic principle can be summarized as fol-
lows: (1) calculate Euclidean distance d;; between the i-
th and j-th sample star (i # 7) in a given data set; (2) sort
the distances d;; in ascending order; (3) determine the
distance of the k-th nearest neighbor from the ¢-th star.
The KNND clustering method is based on the assump-
tion that cluster members can be regarded as outliers with
significantly smaller KNNDs (with higher point density)
compared to field stars (Gao 2016).

We select 38 386 nearby stars within 100 pc of the
Sun from the Tycho-Gaia astrometric solution (TGAS) of
the Gaia-DRI1 catalog (Gaia Collaboration et al. 2016a;
Lindegren et al. 2016). Figure 1 shows that most of
our sample stars (~92%) have a small relative error
(om/7m < 5%). Let (a, 0, 7) be respectively the right
ascension, declination and parallax of a sample star. The
corresponding rectangular coordinates (X, Y, Z) in pc
can be computed using the following formulas

D = 1000 x 7, M
X = D x cos(a) x cos(9), 2)
Y = D xsin(a) x cos(d), (3)
Z = D x sin(6), @)

where D is the distance to the star in pc. The Euclidean
distance d;; between the i-th and j-th star in the X-Y-Z
space can be calculated using the following formula

dij = /(X = X))2 + (Vi = V)2 + (Zi — Z))%. ()
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The KNND of the ¢-th star in the X-Y-Z space can be
easily determined by sorting d;; in ascending order.

As shown in Figure 2, a conservative value of £ =10
is adopted to enhance the “contrast” between cluster and
field stars. Meanwhile, we use a threshold value of 3 pc
to segregate cluster members from field stars, and 60 out-
liers (candidate members) are obtained for further iden-
tification (see Fig. 2). Figures 3 and 4 clearly show that
the 60 candidate members can be divided into two star
groups (the Hyades and Coma Berenices (Coma Ber)
clusters) in the 3D X-Y-Z space and two-dimensional
(2D) projected space. Figure 5 shows that the PM vector-
point diagram (VPD) of the 60 candidate members can
also be divided into two star groups except for three iso-
lated outliers (field stars). Among these candidate mem-
bers, 49 stars belong to the Hyades cluster, eight stars
belong to the Coma Ber cluster and three stars are likely
field stars.

3 CLUSTER DISTANCES

In consideration of the Hipparcos distance controversy
related to the Pleiades cluster (Melis et al. 2014; Madler
et al. 2016), we decided to redetermine distances to the
two OCs using Gaia-DR1 parallaxes. Having obtained
reliable cluster members, we can compute their weighted
mean parallaxes using the following formulas

pi = (om;) "2, (6)
T = Lg;_m )
_[Z(m = m)? xp) ]V

= || ®)

where p; is the weight of the i-th member, 7™ and o7 are
the weighted mean parallax and the corresponding un-
certainty respectively, 7; and om; are parallax of the i-
th member and the corresponding observational error re-
spectively, and [V is the total number of cluster members.
According to the mean parallax 7 and its corresponding
uncertainty o7, the mean distance D and the correspond-
ing uncertainty o D can be calculated using the following
formulas

D = 1000 x 71, 9)
—2
— D x o7

The mean parallax of the Hyades cluster is deter-
mined to be 21.49+0.10 mas, which corresponds to a dis-
tance of 46.540.2 pc. The mean parallax and distance of
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The relative parallax errors of 38 386 sample stars within 100 pc of the Sun.
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Fig.2 The KNND distribution of the 38 386 sample stars (k = 1, 10). The vertical line indicates the threshold value (3 pc) used for

segregating cluster members from field stars.

the Coma cluster are determined to be 11.7240.04 mas
and 85.3+0.3pc, respectively. However, a systematic
offset of ~ —0.25mas has been found in Gaia-DR1
parallaxes (Stassun & Torres 2016; Jao et al. 2016).
Therefore, the distances to the Hyades and Coma Ber
clusters are adjusted to be 46.0£0.2 and 83.5+0.3 pc, re-
spectively. The Hyades distance derived in this work is
quite consistent with the values derived by other authors
(Peterson & Solensky 1988; Torres et al. 1997b,a; van
Altenaet al. 1997b,a; Perryman et al. 1998; Percival et al.
2003; van Leeuwen 2009; Francis & Anderson 2012) and

the Coma Ber distance is also consistent with the val-
ues derived by other authors (van Leeuwen 1999, 2009;
Francis & Anderson 2012).

It should be noted that the cluster members used
to determine the above distances are located in high-
density central regions of the two clusters, because they
are obtained based on conservative selection criteria (see
Fig. 2). Although many sparse members have been ne-
glected in this work, we obtain reliable distances to the
cluster centers.
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Fig.3 (Left) Spatial distribution of the 38 386 sample stars in the 3D X-Y-Z space. (Right) The blue circles indicate the 60
candidate members derived based on the KNND method (k = 10) and the Sun (red asterisk) is located at the origin (0, 0, 0) of the

coordinate system.
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Fig.4 The 2D projected spatial distribution of the 60 candidate members (blue circles) and field stars (black dots). The red and
green rectangles represent candidate members of the Hyades and Coma Ber clusters, respectively.

4 CONCLUSIONS AND DISCUSSION

In this paper, we use the KNND method to detect nearby
OCs based on Gaia-DR1 data, and obtain 57 reliable
cluster members that belong to the Hyades and Coma Ber
OCs. Based on Gaia-DR1 parallaxes of 57 cluster mem-
bers, the mean distances to these two clusters are deter-

mined. Our distances are in good agreement with values
derived by other authors, which implies that the KNND
method is effective in detecting dense cluster structures
in 3D space. The major advantage of the KNND method
is that it is a non-parametric (or non-model-based) clus-
tering method, so prior knowledge about the nature of
OCs is not necessary. The KNND method focuses on the
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Fig.5 The PM VPD of the 60 candidate members (blue circles) and field stars (black dots). The red and green rectangles represent
candidate members of the Hyades and Coma Ber clusters, respectively.

distance between a star and its k-th nearest neighbor, not
on distribution of the stars, which allows us to detect a
low number of cluster members from a large sample of
stars. It should be noted that this is a result based on pre-
liminary, not complete, parallaxes. Further tests will be
conducted to verify whether the KNND method can be
used to detect more known and unknown OCs in a larger
volume (out to many kpc) using forthcoming Gaia data
releases.
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