THE ASTROPHYSICAL JOURNAL LETTERS, 915:L.29 (8pp), 2021 July 10

© 2021. The American Astronomical Society. All rights reserved.

Jonathan Gagné * 12 , Jacqueline K. Faherty2 Leslie Moranta' @, and Mark Popinchalk3 43

Planétarium Rio Tinto Alcan, Espace pour la Vie, 4801 av. Plerre de Coubertin, Montréal, Quebec Canada; gagne @astro.umontreal.ca

3 Department of Astrophysics, American Museum of Natural History, Central Park West at 79th Street, New York, NY 10024, USA
4 Physics, The Graduate Center, City University of New York, New York, NY 10016, USA
Department of Physics and Astronomy, Hunter College, City University of New York, 695 Park Avenue, New York, NY 10065, USA
Received 2021 June 8; revised 2021 June 21; accepted 2021 June 22; published 2021 July 13

Abstract

We propose that 14 co-moving groups of stars uncovered by Kounkel & Covey may be related to known nearby
moving groups and bridge those and nearby open clusters with similar ages and space velocities. This indicates that
known nearby moving groups may be spatially much more extended than previously thought, and some of them
might be parts of tidal tails around the cores of known open clusters, reminiscent of those recently found around the
Hyades and a handful of other nearby clusters. For example, we find that both the nearby Carina and Columba
associations may be linked to Theia 208 from Kounkel & Covey and together form parts of a large tidal tail around
the Platais 8 open cluster. The AB Doradus moving group and Theia 301 may form a trailing tidal tail behind the
Pleiades open cluster, with hints of a possible leading tidal tail in Theia 369. Similarly, we find that IC 2391 and its
tidal tails identified by Meingast et al. may be extended by the nearby Argus association and are possibly further
extended by Theia 115. The nearby Octans and Octans-Near associations, as well as Theia 94 and 95, may form a
large tidal tail leading the poorly studied Platais 5 open cluster candidate. While a preliminary analysis of Gaia
color-magnitude sequences hint that these structures are plausibly related, more observational evidence is still
required to corroborate their consistent ages and space velocities. These observations may change our current
understanding of nearby moving groups and the different pathways through which they can form. While some
moving groups may have formed loosely in extended star formation events with rich spatial structure, others may
in fact correspond to the tidal tails of nearby open clusters.
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1. Introduction

Moving groups were historically discovered as sparse
ensembles of stars that caused distinct clumps in the UVW
space velocity distribution of young stars near the Sun (Eggen
et al. 1973). As decades passed and the field of stellar
kinematics progressed, several moving groups were discovered
and characterized (Zuckerman & Song 2004), with spatial
distributions restricted to about ~100 pc from the Sun, due to
the limited accuracy and sensitivity of past surveys. Some of
these co-moving groups of young stars were named “young
associations” rather than moving groups, such as the Tucana-
Horologium, Carina, and Columba associations (Torres et al.
2000, 2008) despite their being similarly sparse and in close
proximity to the Sun. Individual sparse young associations near
the Sun were generally thought to have formed together from a
distinct molecular cloud, although some of them were
recognized as being plausibly related to more massive nearby
open clusters due to their similar ages and space velocities.
Such examples included a potential relation between the
AB Doradus moving group (Zuckerman et al. 2004) and the
Pleiades open cluster (Luhman et al. 2005), as well as between
the Argus association and the IC 2391 open cluster (Makarov
& Urban 2000). However, the details of how these associations
may be related were never clearly elucidated.

The brightest and most massive members of nearby young
associations and moving groups were the first to be discovered
and characterized, given their detections in X-ray surveys such
as ROSAT (Boller et al. 2016) and astrometric catalogs such as

Hipparcos (Perryman et al. 1997). Follow-up studies used prior
knowledge of these distributions of these nearby stars in XYZ
Galactic coordinates and UVW space velocities to identify the
lower-mass members that dominate the mass function. Such
studies typically worked directly in sky coordinates and proper
motion space (Mamajek 2005) or used Bayesian model
selection methods to capture the missing low-mass members
(Malo et al. 2013; Gagné et al. 2018b). The recent data releases
of the Gaia mission (Gaia Collaboration et al. 2016b) allowed
these studies to uncover a large number of missing M dwarfs
(Gagné & Faherty 2018); however, none of the aforementioned
methods were able to detect spatial extensions of moving
groups, by construction.

The Gaia mission provided the scientific community with a
vast number of high-precision stellar kinematics, which
allowed large-scale identification of co-moving stars for the
first time. Oh et al. (2017) pioneered such searches by
identifying thousands of co-moving pairs of stars with
Gaia Data Release 1 (DR1; Gaia Collaboration 2016a) and
serendipitously uncovered known and new young associations.
More recently, Kounkel & Covey (2019, hereafter KC19)
performed a search based on Gaia Data Release 2 (DR2; Gaia
Collaboration et al. 2018) designed specifically to uncover
extended and low-density streams of co-moving, coeval stars.
This allowed them to identify 1640 co-moving streams of stars
with distances 80-1000 pc (with the exception of the dense
Hyades at ~50 pc). Similar to the work of Oh et al. (2017), the
method of KCI19 relied on clustering algorithms that work
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directly in observable space (sky position, proper motion,
parallax, and radial velocity) because even after Gaia DR2, we
still lack radial velocity measurements for the vast majority of
nearby stars. This prevented these searches from uncovering
significant clusters of co-moving stars closer than about 70 pc,
because the direct observables become widely distributed and
highly correlated with sky position. Clustering algorithms,
therefore, either fail to uncover them without a large number of
false-positives, or break up each nearby association into many
smaller parts (Faherty et al. 2018).

In parallel to these developments, Gaia-enabled searches in
velocity space resulted in the discovery of extended tidal tails
associated with the Hyades and Coma Berenices clusters (Roser
et al. 2019; Tang et al. 2019), and more recently to nine of the
nearest open clusters (Meingast et al. 2021). Candidate tidal
tails associated with the Ursa Major core of 10 massive stars
were also recently identified by Gagné et al. (2020b). Gaia also
allowed the study of young star-forming regions with
unprecedented detail, which allowed recent work to describe
the complex structure and large spatial extent of Taurus
(Krolikowski et al. 2021; Liu et al. 2021), Orion, Perseus, and
Sco-Cen (Kerr et al. 2021). These discoveries are enriching our
current understanding of how complex the spatial structures of
both open clusters and loose star-forming regions can be, and
hint that parts of them may be related to what we have studied
under the name of moving groups for a few decades.

In this Letter, we propose that several known moving groups
and young associations near the Sun may be related to extended
co-moving structures uncovered by KC19, as well as known
and slighly more distant open clusters and young associations,
based on their similar space velocities and ages. We posit that
dedicated algorithms and follow-up observations will be
needed to test this hypothesis, by filling out current gaps
within 70 pc of the Sun, reducing sample contamination, and
elucidating the exact spatial extent of known young moving
groups near the Sun. We suggest that the biggest challenge in
this follow-up is the fact that the properties of nearby sparse
associations are spread out and correlated with sky position
because of purely geometric effects. A successful verification
that a majority of young moving groups are indeed related to
more distant open clusters and extended young associations
would shift our interpretation of how they form and evolve, and
would open the door to assembling much larger ensembles of
coeval stars that are valuable laboratories to study the
fundamental properties and evolutions of stars, brown dwarfs,
and exoplanets.

2. Sample and Method

We investigated the Theia groups identified by KC19 to
determine whether some of them may be associated either with
known nearby young moving groups, associations, and open
clusters. In order to do so, we pre-selected all Theia groups
with a GaiaDR2 G-Ggp color versus absolute G magnitude
diagram consistent with that of a currently known group of
stars, and we then visualized all of the resulting groups in XYZ
Galactic coordinates as well as UVW space velocities using the
Partiview three-dimensional visualization software
(Levy 2003). We have elected to use Gaia DR2 data in this
work to remain consistent with the KC19 groups without
having to re-define or re-characterize them; note that a proper
comparison of Gaia color-magnitude diagrams in particular
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requires to account for the different photometric bandpasses
between different Gaia data releases.

Every Theia group already comes with an age estimate
in KC19, which were determined using the PARSEC model
isochrones (Marigo et al. 2017). However, during this
investigation we realized that this method seemed overly
dependent on outlier data points and did not produce ages
consistent with those of known young associations with similar
color—-magnitude sequences, likely because of systematics that
evolutionary models are known to produce when using them to
calculate isochrone ages (Bell et al. 2015). Therefore, we have
revised the most likely ages of every Theia group with an
empirical approach. In a first step, we built five GaiaDR2 G
versus G — Grp empirical color-magnitude sequences using
groups of well-known ages. We used members of the Coma
Berenices open cluster (Casewell et al. 2006) as a ~600 Myr
reference (Silaj & Landstreet 2014 found an age of
560740° Myr), and members of the Pleiades open cluster
(112 £5Myr; Dahm 2015) as a ~110Myr reference. We
combined members of the ~45Myr old coeval Carina,
Columba, and Tucana-Horologium associations, and the
members of the coeval ~23 Myr old 3 Pictoris moving group
(Zuckerman et al. 2001) and the 22Myr old 32 Ori
association (Mamajek 2007) as two additional reference
sequences. In addition to those, we included a fifth reference
sequence built from members of the 10-15 Myr old Sco-Cen
OB association (Blaauw 1946). We used the lists of bona fide
members from Gagné et al. (2018b) to build these respective
samples of stars.

We fit a polynomial sequence to each of these samples by
first binning the color—-magnitude sequences in 0.05 mag-wide
bins in Gaia DR2 G-Ggp colors. Therefore, the average and
standard deviations of the absolute Gaia DR2 G-band magni-
tudes of all stars falling in a given bin were calculated, and
subsequently fit with a 8- to 15-order polynomial, depending
mostly on the range of colors and the total number of data
points in each sample (provided online as data behind figure).
Individual measurement errors of absolute Gaia G-band
magnitudes and G—Ggp colors are typically very small
(respective medians are 0.03 mag and 0.04 mag) and are
mostly limited by measurement errors for the Gaia DR2
bandpass zero-points, but the spread of absolute G-band
magnitudes within each color bins are larger, with standard
deviations around the polynomial fits of 0.5 mag for the
youngest associations (10-15Myr) and 0.2 mag otherwise.
Those are most likely due to astrophysical phenomena such as
circumstellar disks, differences in projection angles, rotational
velocities, radii, and unresolved companions or background
stars. Fitting polynomials to a binned version of the color—
magnitude sequence is useful to prevent an over-fitting of the
redder part of the color—magnitude diagram, because of the
overwhelming fractional population of low-mass stars in these
samples. The resulting color-magnitude sequences are dis-
played in Figure 1. We adopted the procedure described by
Gagné et al. (2020a) to correct for extinction caused by
interstellar dust and gas, which uses the STILISM 3D
reddening maps (Lallement et al. 2018), and accounts for the
wide Gaia photometric bandpasses in its reddening correction.
This procedure only had a small but significant effect for the
members of the Pleiades and Coma Berenices open clusters and
the Sco-Cen OB association. As described in Gagné et al.
(2020a), the effect is generally a slight shift toward bluer
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Figure 1. Empirical sequences of known coeval populations of stars in a
Gaia DR2 color-magnitude diagrams, as constructed and described in
Section 2. Members of relevant KC19 Theia groups discussed in Section 3
are shown with pale symbols with colors corresponding to their best-matching
empirical sequences.

(The data used to create this figure are available.)

Gaia DR2 G—Ggp colors for OBA-type stars and a shift along
empirical coeval sequences toward bluer G—Ggp colors and
brighter absolute G-band magnitudes for K- and M-type stars.

Within each Theia group, we calculated the median value of
the absolute vertical distance between every star and each one
of the empirical age sequences in the color—magnitude diagram.
We then selected the case with the smallest median absolute
distance as the “best-fitting” age. We note here that this method
is not intended to provide accurate age measurements because
of the coarse selection between five models only. The empirical
sequence of 600 Myr old stars in a Gaia absolute G versus
G—Ggp color-magnitude diagram is similar to that of older
unrelated field stars, and therefore we expect that Theia groups
older than 600 Myr will be assigned a best-fitting age of
600 Myr with this method. The advantage of this method is that
the results should not suffer from biases of models underlying
classical isochrones, and they will be less susceptible to
outliers. In Figure 2, we show our best-fitting ages compared
with those of KC19.

We also observed that several of the Theia groups were
assigned average XYZUVW values that were sensitive to a few
visual outliers; to facilitate our investigation, we therefore also
calculated the median XYZUVW value for each Theia group.
The next step in our analysis consisted in pre-selecting only
Theia groups that have both a best-matching empirical
isochrone and median UVW space velocities consistent to
those of known young association listed in Gagné et al.
(2018b), and visualizing them in XYZ coordinates with
Partiview. We initially visualized all groups Theia with
UVW velocities matching within 10kms™ of a known
association with an age not more than one empirical sequence
away from that of the group. Any Theia groups that seemed
possibly connected to a known young association, therefore
potentially forming a spatial extension to the group, were
marked as interesting and we also visualized the color—
magnitude diagram of their members to ensure that our
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Figure 2. Relative distribution of isochronal ages determined by KC19 for
Theia groups, separated by categories of best-fitting empirical color—-magnitude
sequence. Color circles show the expected age of our empirical isochrones in
each five categories; a perfect agreement would correspond to a single
histogram bar lined up with the circle of each respective color. This figure
shows that a significant number of Theia groups that we find are best matched
by 10-110 Myr empirical sequences were assigned much older ages in KC19.
The number of groups with a such discrepant old age, however, is smaller for
the groups that we assign to younger empirical sequences.

empirical sequence selection described above yielded a
sensible age. In addition to this, we visualized the UVW
positions of the members of interesting Theia groups using
Partiview, to ensure that the distribution was not too scattered,
and consistent with that of the potentially related known young
association.

3. Candidate Systems of Dissolving Open Clusters

In Table 1, we present the list of moving groups and Theia
structures that we determined may correspond to spatial
extensions of larger young associations or open clusters, with
their median UVW space velocities and estimated ages. In
Figure 3, we compare the XY Galactic coordinates of these
potentially related groups, from which we performed a
kinematic-based pre-selection using the relevant BANYAN X
UVW model (Gagné et al. 2018b) and the best case scenario
UVW separation between the members of a Theia group and
other potentially related young associations. Therefore, any
Theia star separated by more than 5kms ' in UVW space
(about three times the standard deviation of well-behaved
young associations) was omitted, to reduce the non-negligible
contamination observed in several Theia groups. We show the
common space velocities of plausibly related groups in
Figure 4, this time including even the kinematic outliers of
Theia groups. For example, the members of Theia301
separated by more than 5kms~' from the center of the
BANYAN ¥ UVW model of the Pleiades were ommitted from
Figure 3, but are shown in Figure 4. A detailed description of
the kinematics and sample construction of the Theia groups is
provided in KC19, but we note that the XYZ Galactic
coordinates and UVW space velocities for the Theia groups
discussed here are based on Gaia DR2 data alone and have
measurement errors in the range 0.1-2.0pc and
0.2-1.0kms ™', respectively. We observe a similar range of
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Table 1
Systems of of Plausibly Related Groups

Group Age (Myr) UVW (kms™ 1) References
Pleiades 112+5 (—6.7, —28.0, —14.0) —1,2
AB Doradus moving group 133533 (~7.2, =27.6, —14.2) 34,2
Theia 301 ~110 (=72, —26.6, —13.1) 5,19,19
Theia 369 ~110 (—6.9, —28.4, —14.2) 5,19,19
Theia 368 ~110 (—1.4, —28.7, —13.8) 5,19,19
Theia 234 ~45 (—10.9, —26.5, —12.6) 5,19,19
IC 2602 4678 (—8.2, —20.6, —0.6) —,6,2
IC 2602 corona 11,—,—
Tucana-Horologium 45+ 4 (—=9.8, —20.9, —1.0) 78,2
Theia 92 (partial) ~23 (—10.3, =21.9, —3.0) 5,19,19
IC 2391 50+5 (—23.0, —14.9, -5.5) -9,2
IC 2391 corona 11,—,—
Argus 40-50 (—22.5, —14.6, —5.0) 10,12,12
Theia 114 ~45 (—23.8, —14.7, —5.6) 5,19,19
Theia 115 ~45 (—23.3, —14.7, —6.0) 5,19,19
Octans 30-40 (—13.7, =3.3, —10.1) 14,15,2
Octans-Near 30-100 (—13.1, =3.7, —10.7) 16,16,19
Theia 94 ~45 (—11.5, -3.0, —9.1) 5,19,19
Theia 95 (partial) ~45 (—17.4, =5.6, —10.9) 5,19,19
Theia 44 ~23 (—12.8, —6.8, —9.1) 5,19,19
Platais 5 ~60 (—20.8, —5.7, —9.3) 13,13,19
Platais 8 ~60 (—11.0, —22.9, —3.6) 13,132
Carina 4511 (~10.7, =21.9, —5.5) 14,82
Columba 925 (—11.9, =213, =5.7) 14,8,2
Theia 92 (partial) ~23 (—10.3, =219, -3.0) 5,19,19
Theia 113 ~45 (—11.5, =21.8, =3.7) 5,19,19
Theia 208 ~45 (—14.5, —22.2, -5.9) 5,19,19
32 Ori 2+ (—12.8, —18.8, —9.0) 17,8,2
[ Pictoris moving group 24 £3 (—10.9, —16.0, —9.0) 18,8,2
Theia 62 ~22 (—8.1, —15.9, —7.6) 5,19,19
Theia 65 ~22 (—11.8, —18.5, —8.8) 5,19,19

Note. References are cited for the discovery, age, and UVW velocities, respectively. Ages cited here are directly taken from the relevant references, and thus the more
poorly studied young associations for which only approximate ages have been estimated in the literature do not have measurement errors associated with them.

References. (1) Dahm (2015); (2) Gagné et al. (2018b); (3) Zuckerman et al. (2004); (4) Gagné et al. (2018a); (5) Kounkel & Covey (2019); (6) Dobbie et al. (2010);
(7) Torres et al. (2000) and Zuckerman (2001); (8) Bell et al. (2015); (9) Barradoy Navascués et al. (2004); (10) Makarov & Urban (2000); (11) Meingast et al. (2021);
(12) Zuckerman (2019); (13) Platais et al. (1998); (14) Torres et al. (2008); (15) Murphy & Lawson (2015); (16) Zuckerman et al. (2013); (17) Mamajek (2007); (18)

Zuckerman et al. (2001); (19) This paper.

measurement errors in the case of other associations described
here as they are also mostly based on GaiaDR2 data.
Furthermore, only Theia stars with radial velocity measure-
ments in Gaia DR2 have UVW errors, and as a consequence
only ~18% of the stars in relevant Theia groups are represented
in Figure 4.

We have tentatively named each of the potentially related
ensembles of young associations as “systems.” We have chosen
this particular terminology because we consider that these
hypotheses still need to be confirmed through additional
observations, but we would encourage use of the terminology
of star formation complexes, open clusters, tidal tails, or
coronae where relevant (e.g., Meingast et al. 2021) if future
observations confirm them. In the remainder of this section, we
discuss six candidate “systems” of related groups that we have
identified.

3.1. The Pleiades System

The AB Doradus moving group has long been hypothesized
to be related to the Pleiades open cluster (e.g., Luhman et al.
2005), but the limited spatial distribution of its known members
made this possibility less compelling, although it could be
expected that the present-day spatial extent of the AB Doradus
moving group may currently be observationally biased. The
inclusion of Theia 301 and Theia 369 members that have space
velocities consistent with the Pleiades (i.e., the vast majority of
them, see Figure 4(a)) with the spatial distribution of Pleiades
members as shown in Figure 3(a) makes this possibility more
compelling. Theia 369 contains many known members of the
Pleiades, but extends to further distances. Theia301 may
consititute the trailing tidal tail of the Pleiades, and the
AB Doradus moving group might in fact be a well-explored
section of this tidal tail, due to its proximity and historical
scrutiny. If these structures in fact constitute a trailing tidal tail
of the Pleiades, we might expect to find a leading tail at further
distances behind the Pleiades, which might not have yet been
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Figure 3. XY Galactic coordinates of plausibly related systems of open clusters, moving groups, and young associations. Typical measurement errors are 0.1-2.0 pc.

See Section 3 for more details.

uncovered due to sparsely available radial velocities in
GaiaDR2, or simply due to the difficulty in sampling the
region of space located behind the Pleiades. These considera-
tions could explain why Meingast et al. (2021) did not recover
tidal tails to the Pleiades.

Our empirical color-magnitude analysis suggests that
Theia 234 has a younger age of ~45Myr, in principle

inconsistent with that of the Pleiades, but given its spatial
position suggestive of a possible extension of Theia 301 and its
similar space velocities, we consider that it should be studied
further to determine whether it is also associated with the
Pleiades.

We note that another KC19 group, Theia 368, appears to
have an age (~110 Myr) and space velocities consistent with
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the Pleiades, but it is located near the much younger Sco-Cen
OB association with a significant spatial gap between it and all
other structures of the Pleiades system proposed here. It may be
foreseeable that more members are missing between the

AB Doradus moving group and Theia 368, but verifying this
will likely be challenging because of the cross-contamination
that may be expected from Sco-Cen. We also note that the
combination of Theia301 and Theia 368 would appear to
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constitute an unexpected shape if they collectively formed a
structure of tidal tails around the Pleiades (Figure 3(a)).

3.2. The IC 2602 System

While the Columba, Carina, and Tucana-Horologium
associations have previously been suggested to be potentially
related to one another (Torres et al. 2008), no previous studies
seem to have provided a detailed discussion of the surprising
similarity in space velocities and ages between the Columba,
Carina, Tucana-Horologium associations and the Platais 8 and
IC 2602 open clusters.

We propose that the Tucana-Horologium association may be
part of a tidal tail associated with IC 2602, and that both of
these are dissociated from Columba, Carina, and Platais 8. The
distinct X component of their Galactic coordinates and the W
component of their space velocities (see Figures 4(b) and (c))
seem to warrant such a separation between what we tentatively
call the IC2602 system and the Platais 8 system (described
below). For this reason, we choose to display U and W
components of space velocities in Figures 4(b) and (c), rather
than U and V. We have also selected a 2.5kms ™" kinematic
cut-off to choose which members of Theia groups are displayed
in which panel of Figure 3 to reduce cross-contamination
between the IC 2602 and Platais 8 systems. If both the IC 2602
and Platais 8 systems are confirmed to be respectively physical,
it will be interesting to investigate whether their full spatial and
kinematic distributions are consistent with a past or ongoing
disruptive interaction between IC 2602 and Platais 8.

We have only identified one KC19 structure (parts of
Theia 92) that seems to be related to IC 2602 and the Tucana-
Horologium association, and we find that it mostly corresponds
to the IC 2602 open cluster itself. While we have not identified
additional KC19 groups that bridge the physical gap between
these two groups, we suggest that this may only be due to
projection effects. It will be useful to investigate whether
additional co-moving stars can be uncovered that may fill the
gap between the inner edge of the Meingast et al. (2021)
IC 2602 corona and known Tucana-Horologium members (see
Figure 3(c)).

3.3. The Platais 8 System

The Platais 8 open cluster was discovered by Platais et al.
(1998) and has received relatively little attention since then. It
was included in the sample of Yen et al. (2018), but not those
of Meingast et al. (2021) and Li et al. (2021). Theia 92 seems to
include the core of Platais 8 and a possible trailing tidal tail
behind this core (see Figure 3(b)). Remarkably, another KC19
group (Theia 113) fills the spatial gap between Theia 92 and
members of Columba and Carina, and has both an age and
space velocities that are consistent with them. Theia 208 also
shows consistent properties and may constitute the tip of the
leading tidal tail of Platais 8, which would be formed by the
combination of Theia 113, Columba, Carina, and Theia 208.

3.4. The IC 2391 System

The Argus association described by Makarov & Urban
(2000) was hypothesized to be related to the IC 2391 cluster
because of its similar age and space velocities. The existence of
the Argus association was recently challenged due to the
seemingly non-coeval nature of its members when their color—
magnitude sequence was studied by Bell et al. (2015), but a
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further study by Zuckerman (2019) demonstrated that this was
likely caused by a high level of contamination in previous
membership lists of Argus, and they assembled a set of well-
behaved co-moving and seemingly coeval stars using
Gaia DR2 data.

Here, we find that Theia 114 is consistent with containing
most of the core of IC 2391, and the leading part of the IC 2391
tidal tails (or “corona”) discovered by Meingast et al. (2021)
seem to extend all the way to the farthest known members of
the Argus association defined by Zuckerman (2019; see
Figure 3(d)). We find that Theia 115 also seems to have a
consistent age and kinematics, but its distribution of space
velocities (see Figure 4(d)) suggest that it may be highly
contaminated by unrelated field stars, as was the case with the
earlier instantiations of the Argus association.

3.5. The Octans System

Zuckerman et al. (2013) uncovered a nearby set of stars co-
moving and seemingly coeval with the known Octans
association (Torres et al. 2008), which they proposed as a
new association named Octans-Near. Here, we find that a large
fraction of the KC19 group Theia 95, as well as the smaller
group Theia 94, may also be related to Octans and Octans-
Near, based on their similar ages, space velocities (Figure 4(e)),
and the fact that they form a spatial extension to Octans and
Octans-Near in the XY plane (see Figure 3(e)). The poorly
studied Platais 5 open cluster candidate seems to be consistent
with the age and kinematics of these groups, and falls
remarkably squarely within the spatial distribution of Theia 95.
The U component of the space velocity of Platais 5 appear to be
discrepant (by ~7.5kms '), but it is currently based on the
only two known members with full kinematics (HIP 29306 and
HIP 29941)—here we listed the average velocities of these two
members as our best estimate of the Platais 5 kinematics in
Table 1. While only six B- and A-type members of Platais 5 are
well documented, it is likely that they constitute the tip of the
iceberg of the Platais 5 open cluster in terms of its members.

We find that Theia44 has consistent kinematics with our
proposed wider Octans system, but its well-concentrated spatial
distribution does not form a compelling extension to Octans or
Octans-Near (although three known members of Octans-Near
are possibly more related to Theia44 than other members of
Octans-Near; see Figure 3(e)). Our empirical age estimation for
Theia44 is also slightly younger than other components
described here (=22 Myr versus 40-60 Myr), but we still
consider future studies of Theia44 to be warranted given its
similarities to other groups in the Octans system.

3.6. The 32 Ori System

The (Pictoris moving group (Zuckerman et al. 2001) has
been the focus of intensive scrutiny. Its very close proximity
and young age make it a particularly valuable laboratory to
search for exoplanets by direct-imaging, illustrated by the
discoveries of 3 Pictoris b (Lagrange et al. 2010) and AU Mic b
(Plavchan et al. 2020) and isolated substellar objects of very
low masses (Liu et al. 2013). While we have identified a
single KC19 group, Theia 65, that seems physically over-
lapping with members of the [ Pictoris moving group (see
Figure 3(f)), we suggest that the 32 Ori association described
by Mamajek (2007) may be related to the (Pictoris moving
group due to its similar age and kinematics, although their
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UVW space velocities differ by about 3.4 kms™'. The current
gap between the spatial distributions of these two groups is
located on the edge of where clustering methods in direct
observable space become inefficient (=~80pc), and it is
plausible that a number of co-moving stars remain to be
identified between 32 Ori and the (3 Pictoris moving group. If
the latter is indeed a leading tidal tail of the 32 Ori association,
it will also become interesting to assign further scrutiny to stars
in the background of 32 Ori, which may include a trailing
tidal tail.

We note that Theia 65 has an age and kinematics that are
consistent with the [ Pictoris moving group and the 32 Ori
association, but a similar gap exists between it and 32 Ori (see
Figure 3(f)), and Theia 65 seems spatially more similar to the
somewhat younger a~10Myr old 118 Tau association (see
Gagné et al. 2018b for more details). Perhaps the age of
118 Tau was previously underestimated, but it is also plausible
that neither 118 Tau nor Theia 65 are related to the 3 Pictoris
moving group or the 32 Ori association.

4. Conclusions

We have presented tentative evidence based on kinematics
and color-magnitude diagrams to suggest that several nearby
moving groups may be spatially much more extended than
previously thought, and that some of them might consist of
tidal dissipation tails coeval and co-moving with the cores of
currently known open clusters. Further observations, such as
radial velocity and lithium-based age-dating, will be required to
corroborate this. New radial velocities in Gaia Data Release 3
in particular will be helpful to refine the kinematics of the
groups discussed here. Data from the TESS mission (Ricker
et al. 2014) will be helpful to age-date these populations with
color-rotation period diagrams, and the eROSITA mission
(Cappelluti et al. 2011) will also provide valuable X-ray
luminosities that will serve to further assess the ages of these
stellar populations. In addition to these future observations,
clustering methods that are specifically designed to uncover
nearby sparse moving groups with partially missing kinematics
will be key to complete the spatial mapping of these potential
large co-moving structures. The Platais 5 and Platais 8 open
clusters, which we find are potentially related to known young
moving groups near the Sun, are also currently poorly
characterized and will require dedicated follow-up studies.
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