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ABSTRACT

We derive dynamical parameters for a large sample of 446 r-process-enhanced (RPE) metal-poor stars
in the halo and disk systems of the Milky Way, based on data releases from the R-Process Alliance,
supplemented by additional literature samples. This sample represents more than a ten-fold increase
in size relative to that previously considered by Roederer et al., and, by design, covers a larger range of
r-process-element enrichment levels. We test a number of clustering analysis methods on the derived
orbital energies and other dynamical parameters for this sample, ultimately deciding on application
of the HDBSCAN algorithm, which obtains 30 individual Chemo-Dynamically Tagged Groups (CDTGs);
21 contain between 3 and 5 stars, and 9 contain between 6 and 12 stars. Even though the clustering
was performed solely on the basis of their dynamical properties, the stars in these CDTGs exhibit
statistically significant similarities in their metallicity ([Fe/H]), carbonicity ([C/Fe]), and neutron-
capture element ratios ([Sr/Fe|, [Ba/Fe], and [Eu/Fe]). These results demonstrate that the RPE stars
in these CDTGs have likely experienced common chemical-evolution histories, presumably in their
parent satellite galaxies or globular clusters, prior to being disrupted into the Milky Way’s halo. We
also confirm the previous claim that the orbits of the RPE stars preferentially exhibit pericentric
distances that are substantially lower than the present distances of surviving ultra-faint dwarf and
canonical dwarf spheroidal galaxies, consistent with the disruption hypothesis. The derived dynamical
parameters for several of our CDTGs indicate their association with previously known substructures,
Dynamically Tagged Groups, and RPE Groups.

Keywords: galaxies: dwarf — Galaxy: halo — stars: kinematics and dynamics — stars: abundances
— stars: Population II

1. INTRODUCTION (1957) and Cameron (1957). These elements, the great
30) found majority of which were formed by neutron-capture pro-

The origin of the heaviest elements (Z 2 Py
cesses, have been measured for numerous individual

in our Milky Way has been debated for over half a cen-
tury, beginning with the pivotal works of Burbidge et al.
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stars in the halo and disk populations of the Galaxy, as
well as in dwarf satellite galaxies and globular clusters.

The astrophysical site(s) of the slow neutron-capture
process (s-process) are reasonably well understood —
the thermal pulses of asymptotic giant-branch stars
(in some cases preserved on an observed compan-
ion due to subsequent mass transfer across a binary
system; see, e.g., Herwig 2005; Bisterzo et al. 2010;
Abate et al. 2015), or in massive, rapidly rotating, ex-
tremely low-metallicity stars (e.g., Meynet et al. 2006;
Pignatari et al. 2008; Choplin et al. 2018). Recent work
has provided evidence for the likely operation of the so-
called intermediate neutron-capture process (i-process;
Cowan & Rose 1977), the astrophysical site(s) for which
are still under study (Dardelet et al. 2014; Hampel et al.
2016; Denissenkov et al. 2017). Heavy elements that
were produced by the rapid neutron-capture process
(r-process) have had multiple proposed astrophysical
sites (e.g., Arnould et al. 2007; Frebel 2018), includ-
ing neutron star mergers (NSMs; Lattimer & Schramm
1974; Thielemann et al. 2017), magneto-rotational su-
pernovae jets (Winteler et al. 2012; Nishimura et al.
2015), core-collapse supernovae (CCSNe; Arcones et al.
2006; Wanajo 2013), and collapsars (Siegel et al. 2019).

Recent observations of highly r-process-enhanced
(hereafter, RPE) stars in the satellite ultra-faint dwarf
(UFD) galaxy Reticulum II (Jiet al. 2016, 2019;
Roederer et al. 2016), coupled with the gravitational-
wave detection of a NSM by LIGO/VIRGO (GW
170817; Abbott et al. 2017), with subsequent photo-
metric and spectroscopic analysis of its associated kilo-
nova (SSS17a; e.g., Drout et al. 2017; Kilpatrick et al.
2017; Shappee et al. 2017; Watson et al. 2019), pro-
vided strong evidence for two key pieces of the puz-
zle for the astrophysical origin of the r-process ele-
ments. First, that NSMs can plausibly be the domi-
nant source of the heavy (Z > 52) r-process elements
(e.g., Hotokezaka et al. 2018; Horowitz et al. 2019) — al-
though it is important to note that theoretical predic-
tions of the NSM yields and frequencies vary, leading
to significant uncertainties in the predicted amounts of
expected r-process elements produced (e.g., Coté et al.
2019; Keegans et al. 2019; Siegel et al. 2019). Secondly,
that dwarf spheroidal (dSph) galaxies and UFDs may be
the primary birth places of the metal-poor RPE stars in
the halo of the Milky Way, which were later distributed

throughout it when their parent dwarfs were disrupted
during accretion (see, e.g., Brauer et al. 2019)1.

This opens the exciting possibility of grouping RPE
stars on the basis of the similarity in their dynamical
properties, which are expected to be approximately con-
served even after their parent galaxy (or globular clus-
ter) is destroyed (see, e.g., Roederer et al. 2018a). Alter-
natively, identification of Dynamically Tagged Groups
(DTGs) in large catalogs of very metal-poor (VMP;
[Fe/H] < —2.0) stars, followed by “mapping” of the
derived dynamical parameters of individual RPE stars
onto the identified DTGs, provides another means to in-
vestigate their likely progenitor environments (see, e.g.,
Yuan et al. 2020 and Limberg et al. 2020). We distin-
guish between these approaches by noting that the stel-
lar DTGs are identified without knowledge of the de-
tailed chemistry of their individual members, while the
identification of dynamical groups of previously known
chemically peculiar stars (such as RPE stars or carbon-
enhanced metal-poor, CEMP, stars) produces Chemo-
Dynamically Tagged Groups (CDTGs).

Application of mathematical clustering algorithms to
the space of orbital energies and other suitable dy-
namical parameters will result in stars being grouped
based on the similarity of their orbits around the
Galaxy. Although such clustering is made without re-
lying on knowledge of their chemistry, if the stars in a
given CDTG indeed originated in a common progeni-
tor galaxy or globular cluster, then they might be ex-
pected to exhibit smaller dispersions in their metallic-
ities and other chemical species, including r-process-
element abundances, than expected by chance. In the
work of Roederer et al. (2018a), based on a relatively
small sample of 35 RPE stars judged to have suitably
accurate estimates of distances (out of an initial sam-
ple of 83 RPE stars), the metallicity spread for member
stars in their individual RPE Groups was indeed shown
to be smaller than expected for random draws from the
full sample. The mean metallicities of their eight RPE
Groups indicated likely association with low-mass dwarf
galaxy parents, based on the metallicity-luminosity re-
lationship (Kirby et al. 2013). We note that tests on
the similarity of the reported [Eu/Fe] ratios are some-
what compromised for this sample, since they are rela-
tively few in number, and the range of the [Eu/Fe] ratios

I Globular clusters also possess RPE stars (e.g., Sneden et al. 2000;
Sobeck et al. 2011), and since they may be accreted by the halo
as well, could contribute a number of RPE stars to the halo
system. Sakari et al. (2018) identify the RPE star J2116-0213 as
one possible example, based on its distinctive elevated [Na/Fe]
and low [Mg/Fe] abundances.
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Table 1. RPA r-Process-Enhanced Star Classifications

Sub-class Abundances

r-11 [Eu/Fe] > +0.7, [Ba/Eu] < 0

r-1 +0.3 < [Eu/Fe] < +0.7, [Ba/Eu] < 0
limited-r [Sr/Ba] > +0.5, [Eu/Fe] < +0.3

CEMP-r [C/Fe] > 40.7, [Eu/Fe] > +0.3, [Ba/Eu] < 0

covered by their stars ([Eu/Fe] > 40.7) does not in-
clude the moderately r-process-enhanced r-1 stars with
+0.3 < [Eu/Fe] < 4+0.7. We address this difficulty in
the present paper, based on consideration of a signifi-
cantly larger sample of RPE stars, including the known
r-I stars, spanning a wider range of [Eu/Fe].

The RPE stars can be split into multiple sub-
classes, based on their light-element and neutron-
capture-element abundances (see Table 1). For the
purpose of the current effort, we make use of the
classifications employed by the R-Process Alliance
(RPA), which are a subset of the original classifica-
tions from Beers & Christlieb (2005), with an exten-
sion from Frebel (2018). Note that the recent work of
Holmbeck et al. (2020) has advocated, from a statistical
analysis of the complete set of RPA abundances mea-
sured to date, that the most appropriate division be-
tween the moderately enhanced r-I stars and the highly
enhanced r-II stars is at [Eu/Fe] > +0.7 (rather than
[Eu/Fe] > +1.0 in common previous use), which we have
adopted here.

The r-II and r-I stars are thought to have been en-
riched primarily by the main r-process. Some r-II and
r-I stars exhibit enhanced abundances of the actinide el-
ements, such as uranium and thorium (Hill et al. 2002;
Mashonkina et al. 2014; Holmbeck et al. 2018). The
origin of this “actinide boost” (Schatz et al. 2002) is
not known with certainty, but its presence hints at the
possibility of fundamental differences in the nature of
the r-process (Holmbeck et al. 2019a),, even within a
single progenitor population (see, e.g., Holmbeck et al.
2019b). There are insufficient numbers of actinide-boost
stars known to confidently assign them into a sepa-
rate class at present. The limited-r stars exhibit en-
hanced light r-process elements (e.g., Sr, Y, Zr) rela-
tive to heavy ones (e.g., Ba, Eu), while the heavier el-
ements are not enhanced (Frebel 2018)? . These stars

2 We point out that the limited-r process has been recognized,
under various names, over the past few decades. See, e.g.,
McWilliam (1998), Travaglio et al. (2004), and Hansen et al.

(2012), and references therein.

may have received significant contributions from CC-
SNe. The CEMP-r stars exhibit carbon enhancement
([C/Fe] > +0.7), along with r-process-element enrich-
ment (see, e.g., Beers & Christlieb 2005).

In this work, we consider the dynamical properties
of a large sample of 446 r-II and r-I stars from the
RPA and other literature sources. This paper is ar-
ranged as follows. Section 2 describes the assembly of
our sample, their derived distance estimates, and the
available chemical-abundance information. In Section
3, we derive orbital energies and other dynamical pa-
rameters for each of these stars, making use of paral-
laxes, proper motions, and radial velocities from Gaia
Data Release 2 (DR2) (Gaia Collaboration et al. 2016,
2018; Lindegren et al. 2018; Sartoretti et al. 2018), sup-
plemented by kinematic data available in the literature,
as needed. Section 4 describes the application of the
HDBSCAN (McInnes et al. 2017) clustering algorithm to
identify 30 CDTGs, populated with between 3 and 12
stars each. In Section 5, we investigate the distributions
of various elemental abundances within each CDTG,
and demonstrate that their dispersions are significantly
smaller and globally inconsistent with random draws
from the full population of RPEs. Section 6 provides
a discussion of the possible associations of our identi-
fied CDTGs with previously known substructures and
DTGs, as well as how the pericentric distances of our
RPEs (and CDTGs) compare with those of surviving
dSph and UFD galaxies, and the implications of our
CDTG chemistry on the nature of their birth environ-
ments and r-process progenitor(s). Section 7 summa-
rizes our results, and provides perspectives on future
samples of RPE stars and their dynamical analyses,
and how new approaches to chemical-evolution modeling
may help refine our understanding of nature and origin
of the astrophysical r-process.

2. DATA ASSEMBLY, DISTANCES, AND
ELEMENTAL ABUNDANCES

We select 141 r-II, 332 r-I, and 46 limited-r stars
from a number of sources: the first four data re-
leases from the RPA (Hansen et al. 2018; Sakari et al.
2018; Ezzeddine et al. 2020; Holmbeck et al. 2020), the



4 GUDIN ET AL.

Table 2. Positions, Magnitudes, Distances, Radial Velocities, and Proper Motions for the Initial Sample

Name RA DEC V mag dgaia (err) dsy (err) Rad Vel PMga PMpgc

(J2000) (J2000) (kpc) (kpc) (km s~1)  (mas yr—') (mas yr—1)
2MASS J00002259—1302275 00:00:22.60 —13:02:27.5 12.88 5.71 (1.54)* 4.78 (1.47)** —104.4 —2.61 —9.45
2MASS J00002416—1107454  00:00:24.16 —11:07:45.4 12.04 3.76 (0.68) 3.51 (0.79)* —110.4 —0.63 —23.48
SMSS J000113.96—363337.9  00:01:13.99 —36:33:38.1 13.91 8.02 (2.24)* 7.28 (2.03)* 243.3 @ 8.35 —5.16
HD 224930 00:02:11.18  +27:04:40.0 5.67 0.01 (0.00) 0.01 (0.00) —35.6 723.11 —933.75
2MASS J00021668—2453494  00:02:16.70  —24:53:49.5 13.49 4.86 (0.74) 5.11 (1.36)* 80.1 —3.61 —8.09
BPS CS 229570036 00:03:31.20 —04:44:19.0  14.41 1.26 (0.09)  1.20 (0.15)  —154.5P 38.64 —22.27
HD 20 00:05:15.48 —27:16:18.8 9.01 0.50 (0.01) 0.50 (0.02) —56.5 132.43 —39.92
2MASS J00073817—0345509  00:07:38.17 —03:45:50.9 11.65 2.86 (0.56) 2.72 (0.65)* —146.3 2.30 —16.04
BPS CS 31070—-0073 00:08:51.83  +05:26:17.1 14.53 ... 1.44 (0.57)** —86.0 ¢ 19.87 —12.43
2MASS J00093394—1857008 00:09:33.94 —18:57:00.8 11.18 1.26 (0.08) 1.29 (0.08) —71.4 39.33 —37.43

NOTE—Sources for (non-Gaia) radial-velocity information:

NoOTE—? Jacobson et al. (2015), P Roederer et al. (2014), ¢ T.C. Beers, private comm., 4 Hansen et al. (2015), © Beers et al. (1992),
f Beers & Sommer-Larsen (1995), & Barklem et al. (2005), * Ezzeddine et al. (2020), ! Hansen et al. (2018), J Aoki et al. (2002),
K Bonifacio et al. (2009), ! Kunder et al. (2017), ™ Xing et al. (2019), ™ Carrera et al. (2013), © Cohen et al. (2013), P Holmbeck et al.
(2020), 9 Aoki et al. (2005), ¥ Frebel et al. (2006), 8 Sakari et al. (2018), * Howes et al. (2015), * Howes et al. (2016), ¥ Allende Prieto et al.

(2000), ¥ Aoki et al. (2010)

NoTE—Source for (non-Gaia) proper motions: ' Kharchenko & Roeser (2009)

NoTE—Single (*) and double (**) marks indicate stars with relative distance errors in the range 20% < ¢ < 30%, and € > 30%, respectively.

NoTeE—This table is a stub; the full table is available in electronic form.

JINAbase literature compilation (Abohalima & Frebel
2018), and a few additional stars from the recent lit-
erature that are not yet in the JINAbase compila-
tion. These are then cross-matched with Gaia DR2
(Gaia Collaboration et al. 2016, 2018; Lindegren et al.
2018; Sartoretti et al. 2018) in order to obtain paral-
laxes, proper motions, and radial velocities, where avail-
able. When this information is not available from Gaia,
we supplement it with radial velocities from RAVE DRS5,
where available (Kunder et al. 2017), as well as from
other literature sources. A minority of our stars (~ 3%)
only had negative parallaxes from Gaia; their distance
estimates are obtained as described below. We further
require that each of the stars have spectroscopic deter-
minations of [Fe/H]|, [Ba/Fe|, and [Eu/Fe], as these are
required to make confident sub-class assignments. Stars
with only reported upper limits on [Eu/Fe] are rejected,
as are stars with [Fe/H] > —1.0. Application of these
cuts reduces our sample to 519 stars, which we refer to
below as the Initial Sample.

Distance estimates for our stars were obtained from
inversion of the reported Gaia DR2 parallax, with a
positive correction of 0.054 mas added to the paral-
lax value, as recommended by Everall et al. (2019) and
Schonrich et al. (2019). We also calculate distances us-
ing the Bayesian tool StarHorse (Queiroz et al. 2018,
2020; Anders et al. 2019) , one advantage of which is
StarHorse’s ability to provide reasonable estimates of

distances even for stars with negative (or missing) paral-
lax values reported by Gaia DR2. The StarHorse algo-
rithm uses Teg, log g, relative chemical abundances, pho-
tometric magnitudes, and parallaxes, when available, as
inputs, but it does not explicitly apply a correction to
the Gaia parallax values.

The resulting basic information for our program stars
is listed in Table 2. Stars with relative errors in their
derived distances (¢ = Ad/d) in the range 20% <
e < 30%, and those with € > 30%, are indicated in
the table. We also list our adopted radial velocities,
taken from Gaia DR2 (with accuracy typically bet-
ter than 1 km s™!), where available. When not, we
adopt the radial velocities reported by high-resolution
spectroscopic studies (with accuracy no worse than 1-
2 km s~ (Holmbeck et al. 2020), or, in two cases, from
medium-resolution studies (with accuracy no worse than
10 km s7!) for each star, as indicated in the table.
Note that our preference for the choice of radial veloci-
ties from Gaia, as opposed to other sources, is that we
wished to preserve the homogeneity of our uncertain-
ties, to the extent possible. All but one of our stars
have proper motions available from Gaia DR2; in this
one case we adopt a measurement from an alternative
source, as indicated in the table.

Figure 1 shows a comparison between the derived Gaia
DR2 and StarHorse distances. The top panel shows
the stars with Gaia relative distance errors in the range
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20% < € < 30% with blue dots, and those with € > 30%
with red dots, respectively. The bottom panel shows
the same information, but with the blue and red dots
reflecting the stars with 20% < € < 30% and € > 30% in
the StarHorse distances, respectively. From inspection,
the two sets of distances are quite close to one another
in the distance range d < 5 kpc, and reasonably consis-
tent for d < 7.5 kpc. If a star has an available distance
estimate from StarHorse with ¢ < 30% (which applies
to ~ 95% of the stars), we adopt it; otherwise we adopt
the parallax-corrected Gaia distance estimate, provided
its € < 30%. We remove all stars for which our best
available distance estimate has € > 30%. This results
in a total of 466 stars. We carry the stars with relative
distance errors 20% < € < 30% through our dynamical
analysis below, but point out a number of stars (113)
that may be suspect, due to the errors in their derived
dynamical quantities arising from their uncertain dis-
tances. We have gone to some length to preserve the
stars with larger distance errors in our sample, in the
expectation that improved distance estimates for most
of them will come available in future Gaia releases.

Table 3 lists the r-process-enhancement classes used
by the RPA (as in Table 1), the reported effective
temperatures (Tuer ), and selected elemental abundances,
along with the primary references used for their deter-
mination. The last column provides an indicator, set to
1, if the star is included in the RPA data releases (or
other RPA papers), or set to 0, if not.

For the measured carbon abundances reported in Ta-
ble 3 ([C/Fe]), we apply the evolutionary correction de-
veloped by Placco et al. (2014) in order to approximate
the initial carbon abundance that occurs due to CN pro-
cessing during the upper red giant-branch stage. The
corrected abundance is referred to as [C/Fe]. in this and
later tables.

For the remaining analysis we remove the limited-r
stars, which are relatively few in number (46), and may
have nucleosynthetic origins that differ from the r-I and
r-II stars (Frebel 2018). This rejection, along with the
removal of stars having high relative distance errors de-
scribed above, results in a final sample of 127 r-II and
319 r-I stars (for a total of 446 stars), which we refer to
as the RPE Sample.

Figure 2 shows the adopted distances for our RPE
Sample stars. More than 75% of our stars are located
within 5 kpc of the Sun; only four have distances more
than 10 kpc. We recognize that estimates of the energies
and other dynamical parameters based on poorly esti-
mated distances can lead to significant errors. For this
reason, Roederer et al. (2018a) employed a conservative
relative-parallax error cut of 12.5%, reducing their orig-
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Figure 1. Comparison of Gaia DR2 inverse-parallax dis-
tances and Bayesian StarHorse distances. The top panel
marks stars with relative distance errors in the range 20%
< € < 30% with blue dots, and those with € > 30% with red
dots, respectively. The bottom panel shows the same infor-
mation, but with the blue and red colored dots reflecting the
stars with 20% < € < 30% and € > 30% in the StarHorse
distances, respectively.
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Figure 2. Adopted distances for the 446 stars in the RPE
Sample, based on the StarHorse or Gaia DR2

estimates. See text for details.

inal sample from 83 to 35 stars. As mentioned above,
we have chosen to retain stars with relative distance er-
rors 20% < € < 30%, but removed stars with relative
distance errors € > 30%.
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Table 3. RPA Classes, Temperatures, and Elemental Abundances for the Initial Sample

Name RPA Class Tex [Fe/H] [C/Fe] [C/Fe]. [Sr/Fe] [Ba/Fe] [Eu/Fe] Reference RPA
(K)
2MASS J00002259—-1302275 -1 4576 —2.90 —0.65 —-0.65 —1.20 —-0.38 +0.58 @ 1
2MASS J00002416—1107454 -1 4693 —2.43 -0.27 4030 —0.04 —0.24 +0.51 b 1
SMSS J000113.96—363337.9  limited-r 4810 —-2.32 -033 +0.09 —0.04 —-1.21 —0.55 ¢ 0
HD 224930 r-1 5275 —1.00 . .. . -0.19 +0.34 d 0
2MASS J00021668—2453494 -1 5020 —-1.81 —-0.88 —-0.57  +0.59 +0.10 +0.52 @ 1
BPS CS 22957—-0036 r-1 5970 —2.28 40.04 40.04 +0.20 —-0.22 +0.55 N 0
HD 20 r-11 5445 —1.58 —0.34 -0.32  +0.13 +0.32 +0.80 f 0
2MASS J00073817—0345509 r-1I 4663 —2.09 —0.32 +0.17  +0.41 +0.11 +0.73 & 1
BPS CS 31070—-0073 r-11 / CEMP-r 6190 —2.55 +1.34 +1.34 —0.04 +2.42 +2.83 h 0
2MASS J00093394—1857008 -1 4815 —1.88 —0.17 +40.06 +0.13 +0.23 +0.46 b 1

NOTE—The code in the column RPA indicates if the reported information is drawn from papers from the RPA (1) or other
sources (0).

NOTE—Sources for chemical-abundance information:

NoOTE—* Hansen et al. (2018), ® Holmbeck et al. (2020), © Jacobson et al. (2015), ¢ Fulbright (2000), ° Roederer et al.
(2014), f Barklem et al. (2005), & Sakari et al. (2018), ® Allen et al. (2012), * Ezzeddine et al. (2020), § Hansen et al. (2015),
K Christlieb et al. (2004), ' Siqueira Mello et al. (2014), ™ Hansen et al. (2012), ™ Lai et al. (2008), ° Rasmussen et al.
(2020), ® Preston et al. (2006), ¢ Hollek et al. (2011), * Cayrel et al. (2004), ®* Cain et al. (2018), * Holmbeck et al. (2018),
" Mardini et al. (2019), ¥ Liet al. (2015), ™ Xing et al. (2019), * Valentini et al. (2019), ¥ Hayek, W. et al. (2009),
“ Ishigaki et al. (2013), ®* Johnson & Bolte (2002), ®® Cohen et al. (2013), * Westin et al. (2000), ® Roederer et al. (2010),
3 Aoki et al. (2005), * Hawkins & Wyse (2018), ® Burris et al. (2000), ** Honda et al. (2004), ® Cain et al. (2020),
3 Cowan et al. (2002), * Howes et al. (2015), ® Johnson et al. (2013), ®® Placco et al. (2020), *® Howes et al. (2016),
2 McWilliam et al. (1995), # Placco et al. (2017), * Sneden et al. (2003), * Mashonkina et al. (2014), * Ivans et al. (2006),
3 Ryan et al. (1996), ®* Roederer et al. (2018b), ® Masseron et al. (2012), ® Aoki et al. (2010)

NoTE—This table is a stub; the full table is available in electronic form.

Figure 3 shows the distribution of [Eu/H] and [Eu/Fe]
for the RPE Sample, as a function of [Fe/H], color-coded
by Teg. The metallicity range of our stars extends over
—3.7 < [Fe/H] < —1.0. Most stars have T,g in the range
[4400, 5200] K, which is essentially set by our demand for
a measured [Eu/Fe]; there are a few r-II stars in the RPE
sample with temperatures as high as T.g ~ 6650 K. The
coolest stars included in the RPE sample have Tog ~
4150 K. Note that, because of the inclusion of r-I stars,
the range in [Eu/Fe] we consider in the RPE Sample,
+0.30 < [Eu/Fe] < 42.28, is substantially larger than
that considered by Roederer et al. (2018a).

3. ESTIMATED DYNAMICAL PARAMETERS

We derive orbital energies and other integrals of mo-
tion (actions) for the RPE sample, along with other dy-
namical parameters, using the AGAMA package (Vasiliev
2018) and the MW2017 potential (McMillan 2017)%.
These results are listed in Table 4. We note that there

3 We used the axisymmetric potential, not accounting for the cen-

tral rotating bar.

exist a number of sources of errors, both statistical and
systematic, that contribute to the overall uncertainty in
the estimation of these parameters. This list includes,
but is not limited to, the measurement errors in the
distance estimates to each star, errors in the reported
proper motions, errors in the radial velocities, and co-
variances between these quantities, as well as system-
atics arising from the choice of Galactic potential, and
other unrecognized systematic errors. Errors in the dis-
tance estimates are very likely, however, to be the domi-
nant contributor. These are listed, star-by-star, in Table
2.

Figure 4 shows histograms of the pericentric distances,
Tperi, apocentric distances, rapo, and the maximum dis-
tance from the Galactic plane achieved during the stars’
orbits, Zmax. AGAMA calculates the stellar orbits by in-
tegrating the motions of each star over a period of 3
Gyr (from its present position), from which these values
are obtained. The orbital eccentricity is obtained from
€= (Tapo - Tpcri)/('rapo + Tpcri)-

It is noteworthy that all of the pericentric distances
of the RPE stars are within 20 kpc, as was also pointed
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Table 4. Derived Dynamical Parameters for the RPE Sample

Name Energy Ecc Jr Js J- Tperi Tapo  Zmax
x10° x10° x10° x10°

(km? s72) (kpc km s™')  (kpckms ') (kpckms™') (kpc) (kpc) (kpc)

2MASS J00002259—1302275* —1.50 0.79 0.74 +0.57 0.34 1.68 14.46 9.65
2MASS J00002416—1107454* —1.39 0.73 0.85 —-0.87 0.46 2.85 18.29 12.07
HD 224930 —1.68 0.25 0.07 +1.41 0.01 4.86 8.13 0.42
2MASS J00021668—2453494* —1.42 0.40 0.25 +0.92 1.07 6.18 14.51 12.61
BPS CS 22957—-0036 —1.72 0.84 0.58 —0.32 0.10 0.82 9.44 4.26
HD 20 —1.57 0.98 1.15 +0.06 0.01 0.15 13.44 5.68
2MASS J00073817—0345509* —-1.71 0.86 0.75 +0.04 0.10 0.73  10.08 3.45
2MASS J00093394—1857008 —1.74 0.64 0.37 —0.74 0.04 1.96 8.96 1.37
2MASS J00101758—1735387 —1.54 0.04 0.00 +0.68 1.14 7.97 8.64 7.95
2MASS J00154806—6253207 —1.69 0.85 0.52 —0.16 0.40 0.79 9.53 8.25

NoTeE—Single (*) mark indicates the 16 stars with relative distance errors in the range 20%< € < 30%. See text for details.

NoTE—This table is a stub; the full table is available in electronic form.
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Figure 3. FEuropium abundances ([Eu/H], upper panel;
[Eu/Fe], lower panel), as a function of metallicity ([Fe/H]),
for the RPE Sample. The solid black line denotes the [Eu/Fe]
= 40.3 cutoff used by the RPA to include r-I stars; the
dashed black line indicates the adopted division line for 7-
II stars, [Eu/Fe] = 4+0.7. Effective temperatures (Teg) are
color-coded using the scale shown in the right margin. Rep-
resentative error bars on the abundances are shown in each
panel.

out by Roederer et al. (2018a) for their much smaller
sample. This has clear implications for the likely birth
environments of the RPE stars, as discussed in more
detail below.

Figure 5 is the Toomre diagram for the stars in the
RPE Sample. From inspection, all but 51 of the stars
are clearly kinematically associated with the halo sys-
tem, and lie outside the semi-circular region indicating
a 100 km s~ velocity difference from the Local Standard
of Rest, within which stars are potentially members of
the disk system (all but 7 of these potential disk-system
stars have Zpax < 4 kpe). Considering only the clear
halo-system stars, those on prograde orbits (201; 51%)
are roughly equal in numbers to those on retrograde or-
bits (194; 49%).

The energies and the other integrals of motion (ac-
tions) are defined (Binney 2012) as:

e F. the specific orbital energy, defined as the full
orbital energy of the star divided by its mass.

e J,., the orbital action due to oscillations along the
orbital radius, is defined to be non-negative. For
a given E, J, = 0 for circular orbits and is large
for eccentric orbits.

e J4, the action due to orbital motions, is taken
to be the reverse projection of the angular mo-
mentum on the axis perpendicular to the Galactic
plane, —L.. In our adopted coordinate system,
positive and negative values of J, (and Vj) corre-
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Figure 4. Distribution of pericentric distances, rperi (top
panel), apocentric distances, Tapo (middle panel), and max-
imum distance from the Galactic plane achieved during the
stars’ orbits, Zmax (bottom panel), for stars in the RPE Sam-
ple. Note that 10 stars with r.p0 > 50 kpc and 7 stars with
Zmax > 50 kpc are not shown.

spond to prograde and retrograde motions about
the Milky Way’s center, respectively.

e J., the action due to oscillations along the axis
perpendicular to the Galactic plane, is defined to
be non-negative. J, = 0 for planar orbits, and is
large for orbits with large Zyax.

Figure 9 shows the distributions of the derived en-
ergies and other integrals of motions (actions) for the
RPE Sample, along with several additional dynamical

parameters, as a function of [Fe/H]. From inspection of
this figure, even though the RPE Sample comprises rel-
atively bright stars (which was preferable in order to
obtain high-resolution spectroscopic follow-up), the de-
rived dynamical parameters cover a wide range of values,
and also span a large range of [Fe/H]. If this were not the
case, it would be unsurprising to find clusters in the dy-
namical parameters and low dispersions in [Fe/H], due
to random selection alone.

We note that, for the actual clustering procedure de-
scribed in the next section, we remove four additional
stars (BPS CS 29526-110, BPS BS 15621-047, BPS BS
16929-005, and BPS BS 16033-081) from the sample
due to their abundances strongly varying across differ-
ent studies, putting their classification shown in Table 3
into question.

4. CLUSTERING PROCEDURE

A number of clustering approaches have been ex-
plored in the past for considering the dynamical group-
ings of halo stars. For example, Helmi & de Zeeuw
(2000) ran theoretical simulations, and found that a
Friends of Friends (FoF) approach, clustering over F,
L., and total orbital momentum, L, can recover over
50% of all galactic accretion events, indicating low vari-
ability over time of these integrals of motion. Other
observational works employed a number of alterna-
tives. These include: (1) density analysis and subse-
quent application of a so-called watershed algorithm
(Roerdink & Meijster 2000) in the space of E and
Js (Helmi et al. 2017), (2) visual density-map analy-
sis in the space of E, Jg, and L, (the component of
L perpendicular to L.) (Koppelman et al. 2018), (3)
HDBSCAN (MclInnes et al. 2017; Malzer & Baum 2019),
used to explore clustering applied to the space of F,
Js, e, and [Fe/H] (Koppelman et al. 2019a), and (4)
the four approaches explored by the Roederer et al.
(2018a) analysis of RPE stars — K-means clustering
(Lloyd 1982; Arthur & Vassilvitskii 2007), agglomera-
tive clustering (Ward 1963), affinity propagation clus-
tering (Frey & Dueck 2007), and mean-shift clustering
(Comaniciu & Meer 2002), all applied to the space of
E and the orbital actions J,., Js, and J,. Most re-
cently, Yuan et al. (2020) applied the neural-network
based method STARGO (Yuan et al. 2018) to the E, L,
0, and ¢ space, where the latter two angular parameters
characterize the directions of the orbital poles.

Each of the above clustering approaches have advan-
tages and disadvantages, and different algorithms may
be useful for different applications, and for data sets
of varying size and possible cluster shapes. For exam-
ple, STARGO appears to be particularly suitable for large
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Figure 5. Toomre diagram for the RPE Sample. The dashed semi-circle denotes the radius of 100 km s~ from the approximate
location of the Local Standard of Rest, Vi ~ 220 km s~'. The vertical dash-dotted line separates stars with prograde (V > 0)
orbits from those with retrograde (V, < 0) orbits. A representative error bar is shown in the upper right of this figure, multiplied

by a factor of 5 for better visibility.

(N > 1000) data sets, and in particular, provides an
objective means for assessing the confidence (and pos-
sible contamination) of the various clusters it identifies.
The methods employed by Roederer et al. (2018a) were
chosen because they were thought to be best for smaller
(N < 100) data sets. Whatever approach is taken, there
is always some subjective set of choices that must be
made by the user, which can lead to complexity in the
interpretation of the final results.

After conducting experiments with a number of the
above techniques, we initially decided, in the interest of
simplicity and reproducibility, as well as our concern
over the limited size of the RPE Sample, to employ
a FoF? algorithm in the space of E, J,, and e. The
FoF results depend on the choice of a single parame-
ter, [, the linking length, which allowed us to explore
how the elemental-abundance dispersions of the result-
ing dynamical clusters depended on this parameter. The
results clearly indicated a statistically significant reduc-
tion of abundance dispersions in the identified dynam-
ical clusters compared to clusters formed from random
selections. We were somewhat concerned (as was an
anonymous referee), however, that our optimal choice
of [ led to several very large dynamical clusters “tied

4 The particular implementation used was the pyfof Python library
(https://github.com/simongibbons/pyfof ).

together” by single stars in low-density regions of the
dynamical space.

We thus chose to implement a more powerful
clustering algorithm, HDBSCAN, which has recently
been employed to find DTGs of VMP stars from
the HK (Beers et al. 1985, 1992) and Hamburg/ESO
(Christlieb et al. 2008) surveys by Limberg et al.
(2020). Here, we combine the DTG-search methodol-
ogy presented by these authors with our statistical tools
(described below) to evaluate the chemical nature of the
identified CDTGs. For application of HDBSCAN, we em-
ployed the same input dynamical parameters as used by
Roederer et al. (2018a) and Limberg et al. (2020): en-
ergy, E/, and the three actions, J,, J, and J,. Note that
we specifically did not choose to include [Fe/H], or any
other chemical information, among the input parameters
for this exercise, as we wished to quantitatively test the
similarities of the elemental abundances for the mem-
bers of a given cluster. This allows us to evaluate the
hypothesis that the cluster members share a common
chemical-evolution history.

The result of this procedure is the identification of 30
CDTGs, ranging in size from 3 to 12 stars, with 21 of
the CDTGs containing between 3 and 5 stars each, and
9 containing between 6 and 12 stars each. The RPE
stars in these CDTGs are listed in Table 6. In this ta-
ble, the identified CDTGs are listed in order of declin-
ing confidence level (CL, described below). Within each
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CDTG, the member stars are listed in order of increas-
ing [Eu/Fe]. We discuss these CDTGs in more detail
below.

For convenience (e.g., for matching the CDTGs to
other known substructures or dynamical groups), and
for future reference, Table 5 lists the average energy, ac-
tions, eccentricity, and orbital rotation, Vy, along with
the means and dispersions of the elemental abundances
considered here.

Figure 8 shows plots of E vs. Jy for the CDTGs and
non-clustered stars in the RPE Sample, as such plots
have been used by numerous previous studies of DTGs,
and are useful for comparisons with those works, as well
as with future studies. Although the plots are split
into four individual panels, some apparent overlap in
this dynamical space is unavoidable. These are relieved
for most cases in the projected action-space figures de-
scribed below.

Figure 7 shows projected action-space maps for the
CDTGs and the non-clustered stars in the RPE Sam-
ple. From inspection of this figure, it is clear that the
RPE CDTGs exhibit a variety of orbital behaviors, and
variations in their degree of clustering (“tight” vs.
laxed”). Note that stars with prograde and retrograde
orbits, and stars with radial and polar orbits, always ap-
pear together in the same CDTGs, with the exception
of CDTG-29, which exhibits a noticeable spread in its
orbital characteristics, from mildly retrograde to mildly
prograde orbits.

For each of the obtained CDTGs, we also investigate
their significance against the uncertainties of the dynam-
ical parameters of their respective member stars. Mean
errors for energies and actions are 1.3% for E, 8.9% for
Jr, 2.3% for Jy, and 7.0% for J,. We assume normal
distributions for these quantities with its nominal value
being the mean and its error the standard deviation of
the distribution. We first produce 1,000 sets of the 4-
D energy-action vector of each star with a Monte Carlo
procedure. Then, we re-evaluate the cluster assignment
of these generated sets, and calculate the fraction of in-
stances that each given star was attributed to the same
CDTG. We take these fractions as representative of the
membership probability of each star belonging to their
assigned CDTG. Finally, for each CDTG, we average the
resulting probabilities over all its member stars, and de-
fine this as the confidence level (CL) of the CDTG. The
complete methodology for the HDBSCAN algorithm and
CL estimation are described in Limberg et al. (2020).

The CL values are indicated for each CDTG in Ta-
ble 6, where CDTGs are ordered by these values. Most
of the CDTGs (23 out of 30) have CL values above 75%,
and only 4 of them have CL values below 50%. This in-

re-

dicates the relative stability of our CDTGs to errors in
the dynamical parameters, although improved distance
estimates will certainly improve the accuracy of our re-
sults.

5. THE CHEMICAL NATURE OF THE
IDENTIFIED CDTGS

We now explore the chemical properties of the identi-
fied CDTGs listed in Table 6, based on the limited set
of elemental abundances provided for each star in the
RPE Sample listed in Table 3. Our search is for evi-
dence whether or not stars in the individual CDTGs ex-
hibit elemental abundances that are more similar to one
another than would have been obtained from consider-
ing the chemical behavior of similar-sized groups of stars
chosen from the RPE Sample at random (that is, with-
out considering their dynamical behavior). For this ex-
ercise, we obtain large numbers of mock groupings (10°
per abundance per cluster size) of N stars (matching the
numbers of stars in the full set of CDTGs), randomly
selected from the RPE Sample (where 3 < N < 12),
and derive the means and sample standard deviations of
the elements considered (When the number of available
measured elemental abundances is 4 or more, biweight
estimates (see, e.g., Beers et al. (1990)) of these quan-
tities are reported, in order to decrease the influence of
potential outliers). Since the clustering was based en-
tirely on dynamical parameters, and did not involve the
stellar elemental abundances, we can quantify the degree
to which the elemental abundances among members of
each CDTG are more similar to one another than ex-
pected by chance by comparing to the sample standard
deviations of the mock groups, as described below. Note
that, although we report values of the original measured
carbonicity, [C/Fe], for all of stars in the CDTGs listed
in Table 6, for the statistical analysis reported below
we used the evolutionary-stage corrected value of the
carbonicity, [C/Fe]., calculated following Placco et al.
(2014).

Figure 6 shows the cumulative distribution functions
(CDFs) of the sample standard deviations (which we
refer to as dispersions below) in these abundances for
randomly drawn groups of 3, 4-5 and 6-12 stars, re-
spectively, from the 442 stars analyzed in the RPE Sam-
ple (Recall that four stars were dropped from consider-
ation due to doubts about the reliability of their abun-
dance determinations; see Section 3), indicated by the
curved dashed lines in each panel (in the last two rows
the boundaries of the region occupied by all the CDFs
are shown). Each panel also indicates the numbers of
stars in the CDTGs that are considered for each ele-
ment. The horizontal dashed lines indicate the CDF
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values of 0.50, 0.33, and 0.25 (corresponding to one-
half, one-third, and one-quarter of the full CDF), respec-
tively. We can then ask, element-by-element, whether
or not the observed dispersions for stars in the CDTGs
are distributed throughout the CDFs obtained for the
full RPE Sample with these measurements (which varies
slightly depending on the element under consideration)
in a manner expected from chance, as described below.

For the elemental-abundance dispersions selected at
random for CDTGs of a given size, the probability of the
number of clusters lying below a given CDF value (from
0 to 1) is described by the binomial distribution. For
N total random-abundance dispersions, the probability
that exactly n of their CDF values lie below the value v
is:

po(k=n, N)=CRv"(1—0v)N"", (1)
where N
O = @)

The cumulative probability that n or more CDF values
lie below the value v is found by summation of these

probabilities over all values k =n,n+1,...,N:
N
polk =mn, N)=> CRo"(1—v)¥" " (3)
k=n

We refer to these probabilities as the Individual
Elemental-Abundance Dispersion (IEAD) probabilities
— these are just the binomial probabilities for each el-
ement for the levels v = 0.50, 0.33, and 0.25, respec-
tively. If the resulting IEAD probabilities for our ob-
served numbers of clusters lying below certain values, v,
are significantly below 50%, this is a strong indication
that the abundance dispersions for a given element in
our CDTGs do not result from chance.

Table 7 summarizes the CDF statistics for all of the
relevant abundances: [Fe/H], [C/Fe]., [Sr/Fe], [Ba/Fe],
and [Eu/Fe]. The first column lists the abundance un-
der consideration, the second displays the number of
CDTGs that have a measured dispersion of this abun-
dance (the requirement for which is the presence of at
least three stars in a given CDTG with available mea-
surements), the third shows the numbers of CDTGs with
abundance-dispersion values in the CDF of dispersions
obtained from the full RPE Sample below v = 0.50, 0.33,
and 0.25, respectively, and the last columns list the var-
ious probabilities of obtaining these (or larger) numbers
of such CDTGs from random selection, as described be-
low.

5.1. Individual Elemental-Abundance Behavior

Here we consider the behavior of the individual el-
ements within the CDTGs, on an element-by-element
basis.

[Fe/H] — The first row of Table 7 and the first row of
panels in Figure 6 summarize the dispersions of [Fe/H]
within the CDTGs. The dispersions are notably lower,
compared to randomly drawn groups of stars from the
CDFs of the full RPE Sample. All three IEAD (bino-
mial) probabilities are below 10%, as 21 of the 30 iden-
tified CDTGs have CDF values below the 0.50 level, 14
are lower than the 0.33 level, and 12 of them are below
the 0.25 level.

We can directly compare the more selective and
smaller Roederer et al. (2018a) sample and our more in-
clusive and larger sample using the above metric. In the
smaller sample, the binomial probability of finding 6 of 6
(5 of 6) groups with Ngtary > 3 with [Fe/H] dispersions <
0.50 (0.25) in the CDF is 1.6% (0.4%) by chance. Only
for the smallest [Fe/H] dispersions (< 0.25 in the CDF)
do those probabilities differ meaningfully from the ones
found here with the expanded sample.

[C/Fe]. — The second row of Table 7 and the second
row of panels in Figure 6 summarize the dispersions of
[C/Fe]. within the CDTGs. The dispersions for most
of the CDTGs (17/26) are lower than the 0.50 level for
randomly drawn groups of stars from the CDFs of the
full RPE Sample, resulting in a binomial probability of
11.5%. Half of them are below the 0.33 level, and a bit
under half are below the 0.25 level, resulting in small
binomial probabilities of 8.4% and 5.4%.

[Sr/Fe] — The third row of Table 7 and the third
row of panels in Figure 6 summarize the dispersions of
[Sr/Fe] within the CDTGs. The dispersions for most of
the CDTGs with measured [Sr/Fe] dispersions (16/26)
are lower than the 0.50 level, compared to randomly
drawn groups of stars from the CDFs of the full RPE
Sample, resulting in a binomial probability of 16.3%.
There are 15 with dispersions lower than the 0.33 level,
resulting in a tiny binomial probability of 0.8%, and 9 of
them are below 0.25, resulting in a binomial probability
of 18.0%.

[Ba/Fe] — The fourth row of Table 7 and the fourth
row of panels in Figure 6 summarize the dispersions of
[Ba/Fe| within the CDTGs. The dispersions for 60%
of the CDTGs (18/30) are lower than the 0.5 level for
randomly drawn groups of stars from the CDF's of the
full RPE Sample, resulting in a binomial probability of
18.1%. Half of the CDTGs (15/30) are lower than the
0.33 level, resulting in a binomial probability of 4.0%,
and 12 of them are also below the 0.25 level, with a
corresponding binomial probability of 5.1%.
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[Eu/Fe] — The fifth row of Table 7 and the fifth row of
panels in Figure 6 summarize the dispersions of [Eu/Fe]
within the CDTGs. The dispersions for the majority
of the CDTGs (17/30) are lower than the 0.50 level for
randomly drawn groups of stars from the CDFs of the
full RPE Sample, resulting in a binomial probability of
only 29.2%. Less than a third of the CDTGs (9/30)
are lower than the 0.33 level, resulting in a statistically
insignificant binomial probability of 70.1%. Almost a
third (8/18) of them are below the 0.25 level, for a bi-
nomial probability of 48.6%.

5.2. Full Elemental-Abundance Behavior

We can make an estimate of the probability that our
full set of elemental-abundance dispersions could have
been arrived at through random draws from the CDFs
for stars in the RPE Sample. To accomplish this, we
take the five IEAD (binomial) probabilities (p1, p2, ps,
P4, D5), for the full set of five elements under consider-
ation, listed in the fourth column of Table 7. The first
entry in that column is the 0.50 CDF value, the second
is the 0.33 CDF value, and the third entry is the 0.25
CDF value.

As these probabilities correspond to different ele-
ments, they are expected to be independent of one an-
other. We can thus characterize the statistical signifi-
cance of obtaining them by estimating the probability
that a set of these or lower probabilities (meaning a set of
probabilities that, when ordered from the lowest to the
largest, are each smaller than the corresponding prob-
ability from the set we have obtained) is generated by
random draws of five probabilities from 0% to 100%.
This probability can be calculated in the same fashion
as the GEAD probabilities in the next section (Eqn. 7):
we simply replace N with 5, N1, No, N3 with 1, 2, 3,
4, 5, and 0.50, 0.33, and 0.25 with our set of five prob-
abilities, p1, p2, p3, p4, P5, ordered from the smallest
to the largest, to obtain the following formula for the
Full Elemental-Abundance Distribution (FEAD) proba-
bility:

prEaD = p(k1 > 1, ko > 2, k3 >3, ky >4, ks > 5)
= p(k1, ko, ks, ka, ks) = (n1,n2,m3, 14, 05),

n1,n2,n3,n4,n5€Z,
ni1>1,
n2>2,
n3>3,
na>4,
n5:5.,

0<n1<n2<nz<ns<ns=>5

where:

p(k1 =n1, ky =no, k3 =n3, ky =n4, ks =ns)
:ppl(k:nhS)
X Ppa—p1 (k =MNg — n1,5 — N7
1-py

The quantity prgap is the probability that the IEAD
probabilities are below the respective values obtained
from analysing CDTGs, when obtained by randomly
drawing samples from the individual binomial distribu-
tions.

From this calculation, we obtain FEAD probabilities
(shown in the last row of Table 7) of 0.03% for the
0.50 CDF wvalues, 0.00% for the 0.33 CDF values, and
0.01% for the 0.25 CDF values. These results are all
dramatically lower than the 50% probability expected
randomly. We conclude that the dynamical clustering
procedure used in this work produces CDTGs with sig-
nificantly lower elemental-abundance dispersions than
obtained from random selections of same-sized groups
from the full RPE sample.

5.3. Statistical Significance of the Results

In the previous two subsections, we obtained TEAD
probabilities describing the individual results for the
numbers of CDTGs with elemental-abundance disper-
sions for CDF values, v, below 0.50, 0.33, and 0.25, re-
spectively, as well as the FEAD probabilities, reflecting
the full set of elemental-abundance dispersions over all
three levels.

We now evaluate the statistical significance of our re-
sults for each of the individual elemental-abundance dis-
persions — the Global Elemental-Abundance Dispersion
(GEAD) probabilities, as well as the resulting Overall
Elemental-Abundance Dispersion (OEAD) probability,
calculated in order to assign a single probability for our
abundance-dispersion results, and defined as described
below.

For this purpose, we need to assess the probability of
finding the triplets of observed numbers summarized in
Table 7 for the three different CDF values, by randomly
drawing values from the binomial distribution. Using
the definition for binomial probability p,(k = n, N)
from Section 4, the probability of obtaining exactly Ny,
Ny, and N3 CDTGs out of N with CDF values (for a
given elemental-abundance dispersion) below 0.50, 0.33,
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and 0.25, respectively, is:
p(k1 = N1, ky = Na, k3 = N3, N)

:p0.25(k = Ny, N) XpoAfanés% (k =Ny — Ny, N _Nl)

X P0.50—0.33 (k = N3 — NQ, N — NQ),
1-0.33
(6)

and the probability of obtaining a triplet of these or
larger numbers of CDTGs below 0.50, 0.33, and 0.25
can be calculated through the conditional sum®:

p(k1 > N1, k2 > Na, k3 > N3, N)

= Zp(kl = nl,kz =Ny, k3 = ns, N)
ni,n2,n3€Z, (7)

n1 >Ny,

n2>Na,

n3>Ns,

0<n1<n2<nz<N
Calculating this sum for the numbers from the third col-
umn of Table 7 yields the results for the GEAD prob-
abilities, shown in the 5th column of that table. All of
these probabilities are substantially below 50% — in fact,
all but one of them are 2% or less, and two of them are
below 1%. This indicates strong statistical significance
of the elemental-abundance dispersions in our CDTGs.
We note that the GEAD probability for [Eu/Fe] (22.2%),
though clearly statistically significant, is large compared
to the GEAD probabilities of the other abundance dis-
persions. From inspection of the table, this is driven
primarily by the larger IEAD probabilities for the CDF
levels 0.33 and 0.25, relative to the other abundance dis-
persions. As an experiment, we dropped the five CDTGs
with the lowest CL values (retaining only those CDTGs
with CL levels greater than 60%; the GEAD probability
for [Eu/Fe] was reduced to 18.7%.

Finally, to obtain a single number characterizing the
statistical significance of all of our results (i.e., the prob-
ability that they could have been obtained by forming
clusters from randomly drawn groups of stars from the
RPE Sample), we apply Eqn. 4 listed in Section 5.2 to
these five probabilities. The formal result is the Over-
all Elemental-Abundance Dispersion (OEAD) probabil-
ity, poeap << 0.001%. This extremely low probability
value strongly supports the assertion that clustering on
the dynamical quantities produces CDTGs with signifi-
cantly lower elemental-abundance dispersions than ran-
dom selection.

We note that, if the hypothesis that the RPE stars
were born in dwarf galaxy-like environments holds true,
we can go one step further. The [Fe/H] and [C/Fe].

5 The detailed derivation of these equations can be found in the

Appendix.

abundance ratios can be thought of as tracers of the
birth environments, while [Sr/Fe], [Ba/Fe], and [Eu/Fe]
can be thought of as tracers of the nature of the r-
process progenitor(s). In contrast to the above, where
all five abundances are considered together for calcula-
tion of the OEAD probability, we can group on these
two sets of abundance dispersions; the “environmental
variables” (EVs) and the “progenitor variables” (PVs),
respectively. The OEAD probabilities obtained for the
EVs (0.02%) and PVs (0.02%) are both extremely low,
supporting both the birth-environment hypothesis and
the universality of the r-process signature for the main
r-process.

It is worth noting that the estimation of binomial
probabilities for groups of elements (e.g., the FEAD,
OEAD, EV, and PV probabilities) assumes that their
individual abundances are independent. While that is
certainly true for their measurement, there are physical
reasons to believe that the heavy-element abundances
([Sr/Fe], [Ba/Fe], and [Eu/Fe]) may be somewhat cor-
related with each other. Indeed, the processes that pro-
duced sufficient Eu to enrich the stars in a given envi-
ronment to the point of becoming r-process enhanced
would also be expected to produce large quantities of
Sr and Ba. Although this possible correlation was not
taken into account in the present work, we don’t expect
its presence to significantly affect the results. Formally,
the results are independent of this possible correlation
— high statistical significance in the case of independent
abundances implies high statistical significance in the
case of correlated abundances, and vice versa.

One interesting feature is the clearly less statisti-
cally significant [Eu/Fe] abundance dispersions for our
CDTGs compared to the other heavy elements ([Sr/Fe]
and [Ba/Fe]). We found this result to be robust when
using other clustering methods, such as FoF, and when
changing the HDBSCAN parameters, suggesting it may be
real. This result was also found in the previous work of
Roederer et al. (2018a). From the observational stand-
point, Eu measurements are more challenging than ei-
ther Sr or Ba, since the former is often based on fewer,
weaker lines. Thus it might be expected that the Eu
dispersions within CDTGs could be less consistent star-
to-star for this reason alone. Larger, homogeneously an-
alyzed, data samples with higher signal-to-noise [Eu/Fe]
measurements will be required to test this hypothesis.

6. DISCUSSION

6.1. Membership of CDTGs in Known Substructures,
DTGs, or Groups

We expect that many of the CDTGs we identify in
this paper may be members of known substructures,
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and the DTGs identified by Yuan et al. (2020) and
Limberg et al. (2020), or the RPE Groups identified by
Roederer et al. (2018a).

Table 8 lists the dynamical properties of the known
substructures and previously identified DTGs and
Groups. The first column lists the substructure, DTG,
or Group, along with the numbers of member stars from
the RPE Sample it may be associated with. The second
column lists the CDTGs which may be associated with
each of these. The final columns list the average dy-
namical parameters (and dispersions in these quantities)
for the CDTGs listed in the second column. We note
that the substructures and the DTGs from Yuan et al.
(2020) and Limberg et al. (2020) are of immediate in-
terest, as they were identified without knowledge of the
detailed chemistry of their stars. Given that these ap-
pear to harbor one or more RPE stars from our sample,
it should prove illuminating to obtain high-resolution
spectroscopic follow-up of their member stars. Matches
with the Groups A-F and Group H of Roederer et al.
(2018a) are satisfying (since very different clustering al-
gorithms were used), but unsurprising, given that their
stars were selected to be RPE stars.

We also note, for completeness, that a number of
the DTGs identified in Table 8 were identified in both
Yuan et al. (2020) and Limberg et al. (2020), but we
have chosen to simply list one match. Ultimately, as
ongoing and near-future investigations of DTGs and
CDTGs are obtained, it will be useful to assemble a
catalog of all such identifications, and their constituent
stars, which we defer to a future effort.

Regarding associations with better known, prominent
substructures previously identified in the halo, over 20%
of the stars in the RPE Sample, and ten of our CDTGs,
are apparently associated with Gaia-Sausage/Enceladus
(GSE) (Belokurov et al. 2018; Helmi et al. 2018), based
on their almost null net rotation ((V) ~ —4kms~!) and
high average eccentricities ((¢) > 0.8). The presence
of member stars from these CDTGs (see Table 8) in
VMP DTGs from Yuan et al. (2020) and Limberg et al.
(2020) corroborate this connection. The progenitor(s)
of GSE is/are apparently a major contributor of RPE
stars to the inner halo, confirming suggestions from both
Yuan et al. (2020) and Limberg et al. (2020) based on
their own DTG analyses.

Two other larger substructures have been recognized
in the halo, both predominantly retrograde: Sequoia
(Myeong et al. 2019) and Thamnos (Koppelman et al.
2019a). Four of our CDTGs could be associated with
them (Table 8) according to the independently proposed
criteria of Naidu et al. (2020). On the other hand, nei-
ther Yuan et al. (2020) nor Limberg et al. (2020) pre-

sented statistical evidence of associations between our
studied RPE stars and their DTGs. It is clear that we
are in urgent need of high-resolution abundance analyses
of stars from Sequoia/Thamnos, particularly for those
inhabiting the VMP end of their metallicity distribu-
tions, in order to understand the chemical evolution and
early star-forming environments of their progenitor(s).

Three member stars from CDTG-15 (N = 6,
CL = 83.2%) are associated with GL20:DTG-3
(Limberg et al. 2020), and one of them (BD+30:2611;
Burris et al. 2000) with ZY20:DTG-3 (Yuan et al. 2020)
as well. Both of these DTGs have been attributed
to the Helmi et al. (1999) stream by these authors.
Limberg et al. (2020) has also suggested a connection
between this stream and RPE stars based on their
dynamics. It is striking that spectroscopic studies
of this structure had already claimed that its stars
were enriched in neutron-capture elements, primar-
ily via the r-process, based on the close conformity
among the abundances of Ba and many elements in
the rare-earth domain to the scaled-solar r-process pat-
tern (Roederer et al. 2010) or their [Sr/Ba] profiles
(Aguado et al. 2021).

The metallicity values of stars from CDTG-15 are in
the range —2.7 < [Fe/H| < —1.4; its average metallic-
ity is ([Fe/H]) = —2.0, consistent with Aguado et al.
(2021) and others in the literature (e.g., Myeong et al.
2018a,b).  Additionally, the [Fe/H] dispersion of =
0.5 dex found for CDTG-15 leads to a CDF value
of 0.71 (commensurate with random draws from the
full RPE Sample), consistent with its progenitor be-
ing a dwarf galaxy with extended star formation (see
Koppelman et al. 2019b).

Finally, there are three CDTGs with similar dy-
namics to the metal-weak thick disk (MWTD) (Ta-
ble 8). This component was originally proposed by
Morrison et al. (1990), and recently shown to be an in-
dependent structure from the canonical thick disk by
Carollo et al. (2019) and An & Beers (2020). This find-
ing is particularly intriguing, given the recent demon-
stration that the disk system of the Galaxy harbors sig-
nificant populations of extremely and ultra metal-poor
stars (Sestito et al. 2019, 2020). These recent efforts,
alongside our RPE Sample, point to a MWTD with a
diverse chemical profile. Clearly, larger samples of low-
metallicity stars with disk-like kinematics will be neces-
sary to unveil the early nucleosynthesis processes that
contributed to these peculiar elemental-abundance pat-
terns.

6.2. Apocentric and Pericentric Distances of the RPE
Sample



CHEMO-DYNAMICALLY TAGGED GROUPS OF HALO r-PROCESS-ENHANCED STARS 15

Roederer et al. (2018a) noted that only 20% of the
RPE stars they considered have apocentric distances
(or Zmax distances) greater than 20 kpc. For our much
larger sample of RPE stars, we obtain similar results;
only 14% have apocentric distances (or Z,.x distances)
greater than 20 kpc. These authors pointed out that the
present distances to the known UFD or canonical dSph
satellite galaxies are all greater than 20 kpc. The limited
orbital information presently available for these galaxies
(e.g., Simon 2018) indicates that only the UFD galaxy
Tucana III passes within 15 kpc of the Galactic center;
the rest all have pericentric distances greater than 20
kpc. From inspection of the top panel of Figure 4, all
of the stars in the RPE Sample have pericentric dis-
tances 7peri < 20 kpe. Many have pericentric distances
that pass quite close to the Galactic center: 52% come
within 2.5 kpc, and 26% come within 1 kpe.

The obvious implication of the above is that RPE
stars once associated with parent satellite galaxies that
passed too close to the Galactic center were disrupted,
and strewn throughout the inner-halo region of the MW,
as previously emphasized by Roederer et al. (2018a).

6.3. Implications of CDTG Chemistry for the Birth
Environments of RPE Stars

In Section 5, we have described at length the behavior
of a limited set of available elemental-abundance ratios
([Fe/H], [C/Fe]., [Sr/Fe], [Ba/Fe], and [Eu/Fe]) for the
30 CDTGs identified in this work. We have also defined
the various probabilities that can be obtained to assess
whether or not the observed relatively low dispersions
of these abundances are consistent with random draws
from the full set of stars in the RPE Sample. The con-
clusion appears unavoidable that, in fact, they are not.
The members of the CDTGs identified on the basis of
the similarity in their dynamical parameters shared com-
mon chemical-evolution histories, strongly suggesting
that they originated in parent satellite galaxies (or glob-
ular clusters), which were later disrupted into the inner-
halo region of the Galaxy. Most of those parent satel-
lite galaxies were probably not very massive. The av-
erage metallicities of most (22/30) of the CDTGs listed
in Table 6 are very low ([Fe/H] < —2), and the galaxy
mass-metallicity relationship (Kirby et al. 2013) implies
that they were likely born in relatively low-mass dwarf
galaxies, consistent with the findings of Roederer et al.
(2018a).

A related conclusion is reached that, although multi-
ple astrophysical progenitors of the r-process are not
strictly precluded by the present data alone, the ev-
idence in hand is fully consistent with a universal r-
process pattern, at least for the main r-process. Com-

parison with predictions from high-resolution, large-
scale cosmological numerical simulations that consider
multiple classes of r-process progenitors is required to
further explore this hypothesis.

We note the possibility that at least a few of the
CDTGs we have identified may have been born in glob-
ular clusters, rather than low-mass galaxies, on the sole
basis of their small dispersions in metallicity. There are
five CDTGs listed in Table 6 with [Fe/H] dispersions of
0.20 dex or less: CDTG-11 (—2.434+0.10; N =6, CL =
87.1%), CDTG-18 (—2.12+0.13; N = 4, CL = 79.3%),
CDTG-19 (—2.48+0.17; N = 4, CL = 78.0%), CDTG-
25 (-1.93+0.15; N = 3, CL = 61.2%) and CDTG-27
(—2.11+£0.08; N = 3, CL = 37.4%), where the numbers
in parentheses refer to the mean [Fe/H], dispersion in
[Fe/H], number of member stars, and the CDTG confi-
dence level, respectively. It is beyond the scope of this
paper to investigate this possibility further, but these
CDTGs would be of particular interest for further study
in order to accept or reject such associations.

7. SUMMARY AND CONCLUSIONS

We have used accurate dynamical parameters, based
primarily on astrometry (parallaxes and proper mo-
tions) and radial velocities from Gaia DR2 (supple-
mented by a number of other sources), for a large
sample of 446 r-process-enhanced stars (RPE: 127 r-11
and 319 r-I stars) assembled by the R-Process Alliance
(and other sources), to identify 30 Chemo-Dynamically
Tagged Groups (CDTGs) in the halo of the Milky
Way. A statistical analysis of the dispersions in their
chemical abundances for a restricted set of elements
([Fe/H], [C/Fe], [Sr/Fe], [Ba/Fe], and [Eu/Fe]) demon-
strates that the members of individual CDTGs have
likely experienced common chemical-evolution histories,
presumably in their parent satellite galaxies (or, in a
few cases, globular clusters) prior to being dispersed
into the inner-halo region of the Galaxy. Their observed
apocentric and pericentric distances are consistent with
this interpretation, similar to the inference drawn by
Roederer et al. (2018a) based on a much smaller sample.
A number of our CDTGs are associated with previously
identified substructures, DTGs, and RPE groups.

We note that we have not yet explicitly considered
the dynamical clustering of the limited-r stars, since
they still remain relatively few in number. This limi-
tation will be lifted in the near future, based on the ex-
pected doubling or tripling of the numbers of these, and
other RPE stars, once the ongoing analysis of existing
and soon-to-be-acquired snapshot high-resolution spec-
troscopic follow-up from the RPA is completed. Further
enlargement of the numbers of RPE stars will also en-
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able the use of more strict dynamical clustering criteria
(and hence consideration of clusters with higher confi-
dence levels), and provide for the identification of nu-
merous new CDTGs. Stars in the DTGs identified from
lower-resolution spectroscopy that are associated with
the RPE CDTGs we have identified are of particular in-
terest as well, as they most likely harbor additional RPE
stars that have yet to be recognized.

We believe that the statistical techniques we have de-
veloped in the process of the present analysis for evaluat-
ing the significance of the elemental-abundance disper-
sions in CDTGs will prove useful for future similar obser-
vational studies, and for comparison with predictions ob-
tained by chemical-evolution models. Both such efforts
are necessary in order to tell the full story of the nature
of the astrophysical origin of the r-process, in particu-
lar the hypothesis of a single predominant astrophysi-
cal source suggested by the significantly low elmental-
abundance dispersions within our CDTGs.
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8. APPENDIX: DERIVATION OF THE
PROBABILITY EQUATIONS

Here we provide a derivation of the two equations,
Eqn. (5) and Eqn. (6), provided in Section 5.3 for cal-
culation of the Global Elemetal-Abundance Dispersion
(GEAD) probabilities from basic principles of Probabil-
ity Theory.

First, we are interested in the following question: In
a sequence of N draws from the uniform distribution
over range [0,1], what is the probability that exactly Ny
of them will take values below 0.25, Na of below 0.33,
and N3 of below 0.507 In Section 5, we provided the
definition of the binomial probability:

p(k=n, N)=Cpv"(1 —pv)N =" (8)

that, with the probability p of success for an individual
experiment, the total number of successes out of N ex-
periments will be n. We can apply this probability to
our present situation as well.

Figure 10 visualizes the problem when applied to
cumulative fraction distributions of abundance disper-
sions. We need to find the probability p(k1 = N1, ko =
Ny, ks = N3, N) that exactly these numbers of CDF
values in the specified ranges (below 0.25, below 0.33,
and below 0.50) can be obtained by randomly grouping
stars from the RPE Sample and calculating the CDF
values of the resulting CDTGs.

First, let us find the probability that exactly N;
CDTGs will have CDF values below 0.25. Since the
probability of success for each experiment here is ex-
actly 0.25 (as the entire range of CDF values is [0,1],
we obtain 0.25/(1 — 0) = 0.25), hence the first condi-
tional probability will simply equal the first conditional
binomial probability:

p(kl :Nl, N) = p0_25(k:N1, N) (9)

The next step is to find the probability that, given that
exactly N; values are below 0.25, that exactly No values
are below 0.33. This means that exactly No — Ny values
must lie in the range [0.25,0.33]. Since all the remaining
values are only allowed to fall within the range [0.25,1],
the entire range of allowed values is 1 — 0.25, while the

range of values that must be occupied is 0.33 — 0.25.
Hence, the probability of one success is %, and,
given that we have only N — N; values left to draw from,
and exactly Ny — V7 of them must fall within this range,

we obtain the second conditional binomial probability:

p(k2 = Ny, N | k1= Nl) = polfajgo%% (k = No— Ny, N—Nl).

(10)
Similarly, since exactly N3 — Ny values must lie in the
range [0.33,0.50], the entire allowed range being 1 —0.33
and the number of values remaining being N — Ny, we
obtain the third conditional binomial probability:

plks = N3, N | k1 = N1, ko = Na) =
polﬁgg%;% (k = N3 - Ng, N — Ng)
(11)

The full probability is then found by multiplication of
these three conditional probabilities:

p(k1 = N1, k2 = N3, k3 = N3, N) =
p(kl =N1, N) Xp(kz = Ng, N | kl = Nl)
X p(ks = N3, N | ki = N1, ka = Na),
(12)

which is Eqn. (5) in Section 5.3.

Now we seek the probability that this, or a higher
number of abundance dispersions, fall in these ranges.
That is, the probability that the number of dispersions
below 0.25 is equal to or above N7, the number of disper-
sions below 0.33 is equal to or above N2, and the number
of dispersions below 0.50 is equal to or above N3. This
can be found by summing over all probabilities with the
respective numbers of dispersions n1, ns, and ng satis-
fying the conditions ny > Ni, ng > Na, ng > N3, and
such that N7 + Ny 4+ N3 < N. This yields the sum:

p(k1 > N1, ko > Na, k3 > N3, N) =

> plky =, ke =na, ks =ns, N),

ni,n2,ngEL, (13)
n1>Ny,
n2>Na,
n3> N3,
0<n1<n2<n3z<N

which is Eqn. (6) in Section 5.3 (the condition
n1,ne,ng € Z denotes that nq, ne, ng must be integers).

APPENDIX

A. FULL LONG TABLES
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Figure 6. Dispersions in the elemental abundances within each CDTG, shown on the CDFs of random groupings of all stars
(with the same numbers of stars as the identified CDTGs) in the full RPE Sample. The left column includes CDTGs with 3
measured abundances. The next two columns correspond to CDTGs with 4-5 and 6-12 measured abundances, respectively;
all CDF's in these rows fall between the two curved dashed lines. The horizontal dashed lines show the 0.5, 0.33, and 0.25

cumulative fraction values.
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Figure 7. Projected action-space plots for the resulting clusters of stars from the RPE Sample. The x-axis is (Jy/Jtot), and
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as shown in the legend. Small gray dots are stars from the RPE Sample that have not been assigned membership to a CDTG.
The same markers are used for the same groups as in Figures 8. The CDTGs are split into four separate plots for clarity.
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to a CDTG. The CDTGs are split into four separate plots for clarity. The error bars in the bottom-left corners show mean
uncertainties (multiplied by a factor of 5 for better visibility) of the involved quantities.
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Table 5. Average Energies, Eccentricities, Actions, Rotational Velocities, and Elemental Abundances for the CDTGs

Name N stars  (Energy)  (Jr) / (Jg) / (Jz)  (Ecc) (Vo) ([Fe/H]) ([C/Fel.) ([Sr/Fel) ([Ba/Fe]) ([Eu/Fe])
x10° x103
(km? s72) (kpc km s~1) (km s™1)
CDTG-1 6 —1.84 0.59 / 0.12/0.03 0.94 15.37  —2.1940.28 —0.01+£0.28  +0.08+0.19  40.12+£0.23  40.574+0.24
CDTG-2 8 —1.82 0.05 / —0.91 / 0.10 0.27 —160.12  —2.35+0.35  +0.344+0.29  +0.29£0.28  —0.05+0.27  +0.51%0.24
CDTG-3 3 —1.64 0.16 / 1.37 / 0.03 0.37 159.57  —1.404+0.28  —0.07£0.12  +0.48+£0.12  +0.3840.27  +0.63£0.08
CDTG-4 4 —-1.20 0.69 / 0.55/1.91 0.51 66.69  —2.19£0.32  40.15+0.07 40.484+0.34  —0.03£0.27  40.48+0.09
CDTG-5 3 —-1.70 0.09,/ 1.32/0.01 0.30 168.90  —1.7540.54 . A —0.07£0.08  40.45+0.14
CDTG-6 3 —1.68 0.25/ 0.80/0.25 0.52 97.24  —2.20+0.67 . e +0.284+0.34  +0.80%0.34
CDTG-7 7 —1.81 0.38/ 0.17 /0.28 0.83 22.14  —249+0.36  +0.50+0.15  +0.12+0.14  —-0.03£0.13  +0.57+0.19
CDTG-8 3 —-1.59 0.09/ 1.27/0.29 0.28 150.90  —2.434+0.31  +0.17£0.19  +0.21£0.60  —0.11£0.06  +0.56+£0.12
CDTG-9 5 —1.74 0.77 / 0.00 / 0.01 0.95 0.23 —1.56+0.24  +0.14£0.09  +0.10£0.13  +0.074+0.11  +0.46+0.02
CDTG-10 4 —-1.61 1.02 / —0.07 / 0.00 0.98 -8.90 —-1.93£0.41 —-0.114+0.17 +0.20+£0.14  +0.21£0.31  +0.5740.20
CDTG-11 6 —1.68 0.46 / 0.67 / 0.10 0.70 78.72  —2.4340.10 +0.20£0.24 —0.16%£0.27  —0.0840.21  +0.59+0.13
CDTG-12 6 —1.80 0.46 / —0.35 / 0.07 0.80 —46.57  —2.06+0.24  +0.09£0.10  +0.22+0.24  —0.01£0.35  +0.44+0.15
CDTG-13 9 —1.69 0.72 / —0.10 / 0.13 0.93 —-10.53  —2.20+0.21  +0.224+0.10  +0.17£0.15  +0.114+0.24  +0.53%0.18
CDTG-14 12 —1.65 0.28 / —0.42 / 0.61 0.57 —61.11  —2.39+0.38  +0.20£0.29  +0.09£0.23  —0.134+0.30  +0.54+0.18
CDTG-15 6 —-1.34 0.37/ 1.25/1.08 0.42 148.70  —2.00+0.49  +0.15+£0.51  +0.10£0.33  40.03£0.08  +0.44+0.06
CDTG-16 8 —1.68 0.20 / 0.98 /0.16 0.46 127.04  —2.3840.38  +0.34£0.32  +0.13£0.21  40.16+0.20  +0.55+0.30
CDTG-17 3 —1.28 1.85 / 0.08 / 0.11 0.97 10.33  —1.60+0.48 . e +0.27+0.51  +0.76+0.30
CDTG-18 4 —1.55 0.39 / —0.09 / 0.99 0.67 —15.41  —2.1240.13  +0.44+0.03 —0.16+£0.11  +0.37+£0.02
CDTG-19 4 —1.85 0.40 / —0.16 / 0.19 0.85 —24.40  —2.484+0.17 +0.23£0.16  +0.20£0.12  —0.07£0.01  +0.52+0.12
CDTG-20 5 —1.37 1.50 / —0.48 / 0.01 0.91 —57.73  —2.00+0.48  +0.05£0.09  +0.05£0.17  40.254+0.06  +0.54+0.07
CDTG-21 4 —1.50 1.17 / 0.07 / 0.12 0.96 8.89  —1.90+0.22  +0.34£0.02  +0.30£0.25  +0.064+0.23  +0.58+0.12
CDTG-22 4 —1.76 0.53 / 0.38 /0.05 0.80 49.73  —2.26+£0.31  40.31+£0.14  —0.03£0.11  —0.02+£0.13  40.58+0.21
CDTG-23 4 —-1.78 0.22 / 0.88/0.03 0.50 114.55  —2.05+0.44 +0.05+£0.19  +0.28+£0.12  40.144+0.11  +0.59+0.22
CDTG-24 4 —1.68 0.34 / 0.91/0.05 0.58 108.32  —2.3840.26  +0.07+£0.24  +0.25+£0.09  40.16+0.16  +0.61+£0.16
CDTG-25 3 —1.68 0.23/ 1.08 /0.07 0.48 137.98  —1.93+£0.15  +0.29+0.08  +0.15+0.19  +0.02+0.15  +0.47+0.09
CDTG-26 3 —-1.21 1.35 / —1.04 / 0.64 0.77 —144.50  —2.26£0.52 40.07£0.12  —0.09£0.24  +0.59+0.06
CDTG-27 3 —1.61 0.12 / —1.17 / 0.30 0.31 —145.53  —2.11£0.08  40.23£0.20 —0.06+0.09 —0.08+0.14  +0.54+0.28
CDTG-28 4 —1.42 0.86 / —0.60 / 0.51 0.75 —83.92  —2.5440.22  +0.46%£0.18 40.03£0.25 —0.174+0.12  +0.48+0.02
CDTG-29 5 —2.03 0.13/ 0.03/0.29 0.79 22.40 —1.8440.36 —0.09£0.12  —0.02+£0.59  +0.23+0.38  +0.83+0.34
CDTG-30 3 —-1.15 1.42 / —1.72 / 0.47 0.71 —281.50 —2.46+0.51 —0.01£0.06 40.21+0.51 +0.21+£0.37 40.87£0.59

NoTe—For each of the listed elements, the table entries indicate the means and standard deviations (dispersions) of the abundances, when at least 3 measurements
of that element were available for a given CDTG. When the number of available measured elemental abundances is 4 or more, biweight estimates of these
quantities are reported, in order to decrease the influence of potential outliers.
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Figure 9. Orbital energies, actions, and other dynamical parameters for the RPE Sample, derived using AGAMA with the MW2017
potential, as a function of [Fe/H]. The horizontal dashed line in the Jy vs. [Fe/H] plot divides stars with prograde from retrograde
orbits. Horizontal error bars in the upper-right corners show characteristic uncertainties in the [Fe/H] determination, and the
vertical error bars show mean uncertainties (multiplied by a factor of 5 for better visibility) of the involved quantities.
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Figure 10. Setup for derivation of the binomial probabil-
ity. The cumulative fraction distribution of some elemental-
abundance dispersion is plotted versus the dispersion value.
Here N; is the number of CDF values below 0.25, N2 below
0.33, and N3 below 0.50, among the total N. We are inter-
ested in the probability that these numbers can be obtained
from a binomial distribution.
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Table 6. CDTGs Identified from the HDBSCAN Algorithm
Name Class [Fe/H] [C/Fe] [C/Fel. [Sr/Fe] [Ba/Fe] [Eu/Fe] [Eu/H]

CDTG-1 (N =6, CL =99.8%)
2MASS J10492192—1154173 r-1 —2.18 —0.42 —0.41 —0.06 —0.16 +0.33 —1.85
2MASS J20584918—0354340 r-1 —2.36 0.00 +0.40 —0.24 —0.09 +0.36 —2.00
2MASS J12591462—7049592 r-1 —2.45 —0.60 +0.16 +0.25 +0.25 +0.50 —1.95
2MASS J11404726—0833030 r-1 —1.55 +0.03 +0.05 +0.11 +0.36 +0.55 —1.00
2MASS J00405260—5122491 r-11 —2.11 —0.04 —0.04 +0.09 —0.04 +0.86 —1.25
BD-+17:3248 r-11 —2.09 —0.47 —0.24 +0.29 +0.40 +0.91 —1.18
nwEo ([X/Y]) —2.1940.28 —0.2540.27 —0.01+0.28 +40.08+0.19 +0.12+0.23 +40.57+0.24 —1.5440.43
Cumulative fraction value 0.20 0.70 0.32 0.44 0.68

CDTG-2 (N =8, CL =99.1%)
2MASS J19445483—4039459 r-1 —1.98 —0.27 +0.33 +0.21 +0.13 +0.33 —1.65
2MASS J15293404—3906241 r-1 —2.74 .. .. —0.36 —0.16 +0.34 —2.40
RAVE J151558.3—203821 r-1 —2.74 —0.15 +0.58 +0.27 —0.39 +0.36 —2.38
2MASS J20303339—2519500 r-1 —2.21 —0.65 +0.10 +0.41 —0.29 +0.41 —1.80
2MASS J15133549—1244339 r-1 / CEMP-r —2.04 +0.45 +0.75 —2.87 -0.10 +0.55 —1.49
2MASS J14232679—2834200 r-1 —1.90 +0.43 +0.44 +0.44 —-0.07 +0.61 —1.29
BPS CS 22896—0154 r-11 —2.69 +0.27 +0.28 +0.54 +0.51 +0.86 —1.83
2MASS J14592981—3852558*  r-11 —2.48 —0.95 —0.17 +0.23 +0.13 +0.93 —1.55
uwxo ([X/Y]) —2.354+0.35 —0.124+0.52 +0.344+0.29 +0.29+0.28 —0.05+0.27 +40.51+0.24 —1.734+0.40
Cumulative fraction value 0.26 0.72 0.58 0.51 0.64

CDTG-38 (N =3, CL = 97.4%)
2MASS J16024498—1521016 r-1 —1.80 —0.05 —0.05 +0.35 +0.08 +0.55 —1.25
2MASS J09284944—0738585 r-1 —1.22 0.00 +0.07 +0.45 +0.32 +0.60 —0.62
2MASS J10191573—1924464 r-11 —1.19 —0.32 —0.23 +0.63 +0.73 +0.75 —0.44
uwEo ([X/Y]) —1.40+0.28 —0.124+0.14 —0.074+0.12 +0.48+0.12 +40.38+0.27 +40.63+£0.08 —0.7740.35
Cumulative fraction value 0.40 0.28 0.23 0.67 0.22

CDTG-4 (N =4, CL =93.7%)
2MASS J00413026—4058547 r-1 —2.58 —0.49 +0.20 +0.04 —0.27 +0.38 —2.20
2MASS J02274104—0519230*%  r-1 —2.38 —0.70 +0.08 +0.72 —0.18 +0.42 —1.96
2MASS J00453930—7457294 r-1 / CEMP-r —2.00 +0.93 +0.98 +0.83 +0.37 +0.55 —1.45
2MASS J00182832—3900338 r-1 —1.80 —0.35 +0.15 +0.28 +0.07 +0.57 —1.23
nwEo ([X/Y]) —2.1940.32 —0.50+0.28 +40.15+0.07 +0.48+0.34 —0.03£0.27 +0.48+0.09 —1.71+£0.41
Cumulative fraction value 0.43 0.10 0.79 0.64 0.24

NoTE—Single (*) mark indicates the 27 stars with relative distance errors in the range 20%< € < 30%. See text for details.

NoTE—Means (i), standard deviations (o), and cumulative fraction values for the elemental abundances in each CDTG with at least 3 measured
abundances are listed. When the number of available measured elemental abundances is 4 or more, biweight estimates of these quantities are
reported, in order to decrease the influence of potential outliers.

NoTE—This table is a stub; the full table is available in electronic form.
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Table 7. CDTG Elemental-Abundance Statistics

Abundance # CDTGs N < 0.50, 0.33, 0.25 IEAD Probabilities GEAD Probabilities OEAD Probability

[Fe/H] 30 21, 14, 12 21%, 8.3%, 5.5% 0.8%

[C/Fe]. 26 17, 13, 11 11.5%, 8.4%, 5.4% 1.5%

[Sr/Fe] 26 16, 15, 9 16.3%, 0.8%, 18.0% 0.8% << 0.001%
[Ba,/Fe] 30 18, 15, 12 18.1%, 4.0%, 5.1% 2.0%

[Eu/Fe] 30 17, 9, 8 29.2%, 70.1%, 48.6% 22.2%

FEAD Probabilities 0.03%, 0.00%, 0.01%

NoTE—The Individual Elemental-Abundance Dispersion (IEAD) probabilities represent the binomial probabilities for each element for the
levels v = 0.50, 0.33, and 0.25, respectively. The Full Elemental-Abundance Dispersion (FEAD) probabilities represent the probabilities
(across all elements) for the levels v = 0.50, 0.33, and 0.25, respectively. The Global Elemental-Abundance Dispersion (GEAD) proba-
bilities represent the probabilities for the triplet of CDF levels for each element. The Overall Elemental-Abundance Dispersion (OEAD)
probability represents the probability (across all elements) resulting from random draws from the full CDF. See text for details.
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Table 8. Dynamical Properties of Known Substructures, DTGs, and RPE Groups

Substructure (nsub) Groups (Ve) , (V) , (V) {(Jr) 5 (Js) , (J2)) (E)

oV, s OV, 5 OV, 0J 5 00y 5 00, o

%103 x10°
(kpc km s™1) (km? s72)
GSE (57) CDTG-1,7,9,10,12,13,17,19,20,21,22 (24.91, —3.85, 4.86) (0.67, —0.04, 0.08) —1.75
(178.35, 35.19, 69.69) (0.37, 0.25, 0.09) 0.14
Sequoia? (6) CDTG-26,30 (—10.51, —212.84, 113.44)  (1.38, —1.47, 0.64) —1.21
(241.61, 98.96, 35.36) (0.24, 0.42, 0.02) 0.04
Thamnos® (11) CDTG-2,27 (1.91, —157.80, —36.46) (0.05, —0.92, 0.15) —1.79
(61.88, 18.71, 89.76) (0.03, 0.10, 0.10) 0.10
MWTD? (9) CDTG-3,5,8 (—4.30, 158.81, 9.20) (0.10, +1.31, 0.02) —1.64
(63.57, 13.56, 76.15) (0.04, 0.07, 0.02) 0.05
ZY20:DTG-3¢ (1) CDTG-15 (44.37, 148.70, —264.30) (0.37, +1.25, 1.08) —1.34
(118.57, 53.84, 63.41) (0.13, 0.25, 0.07) 0.05
ZY20:DTG—7d (1) CDTG-1 (27.81, 15.37, 6.98) (0.59, 4+0.12, 0.03) —1.84
(41.86, 4.04, 46.33) (0.03, 0.03, 0.01) 0.03
ZY20:DTG—16d (1) CDTG-12 (39.03, —46.57, 3.59) (0.46, —0.35, 0.07) —1.80
(72.13, 6.14, 50.28) (0.02, 0.05, 0.03) 0.03
ZY20:DTG—46d (1) CDTG-28 (38.76, —83.92, 8.27) (0.86, —0.60, 0.51) —1.42
(246.05, 50.62, 99.95) (0.02, 0.16, 0.06) 0.04
GL20:DTG-2 (3) CDTG-4 (—91.85, 66.69, —22.65) (0.69, +0.55, 1.91) —1.20
(33.31, 36.71, 321.86) (0.20, 0.26, 0.11) 0.01
GL20:DTG-3€ (3) CDTG-15 (44.37, 148.70, —264.30) (0.37, +1.25, 1.08) —1.34
(118.57, 53.84, 63.41) (0.13, 0.25, 0.07) 0.05
GL20:DTG-7 (2) CDTG-28 (38.76, —83.92, 8.27) (0.86, —0.60, 0.51) —1.42
(246.05, 50.62, 99.95) (0.02, 0.16, 0.06) 0.04
GL20:DTG—30d (2) CDTG-13 (—45.29, —10.53, 15.73) (0.72, —0.10, 0.13) —1.69
(198.01, 19.10, 79.35) (0.07, 0.14, 0.04) 0.01
IR18:Group A (2) | CDTG-11,23 (—23.57, 84.56, 10.25) (0.43, 4+0.73, 0.07) —1.71
(90.30, 20.95, 61.77) (0.14, 0.14, 0.04) 0.05
IR18:Group B (1) CDTG-13 (—45.29, —10.53, 15.73) (0.72, —0.10, 0.13) —1.69
(198.01, 19.10, 79.35) (0.07, 0.14, 0.04) 0.01
IR18:Group C (2) | CDTG-16 (53.27, 127.04, —33.27) (0.20, +0.98, 0.16) —1.68
(76.88, 23.75, 77.77) (0.02, 0.05, 0.02) 0.02
IR18:Group D (1) CDTG-10 (—204.81, —8.90, 18.44) (1.02, —0.07, 0.00) —1.61
(19.37, 11.98, 21.57) (0.04, 0.10, 0.00) 0.02
IR18:Group E (2) | CDTG-1 (27.81, 15.37, 6.98) (0.59, +0.12, 0.03) —1.84
(41.86, 4.04, 46.33) (0.03, 0.03, 0.01) 0.03
IR18:Group F (1) | CDTG-22 (—113.36, 49.73, 8.26) (0.53, 4+0.38, 0.05) ~1.76
(69.95, 8.02, 62.15) (0.03, 0.04, 0.02) 0.02
IR18:Group H (1) CDTG-19 (9.73, —24.40, 39.72) (0.40, —0.16, 0.19) —1.85
(82.12, 10.27, 76.64) (0.02, 0.08, 0.02) 0.02

%Tentative associations with Sequoia (Myeong et al. 2019) and Thamnos (Koppelman et al. 2019a) substructures.

bMetal—Weak Thick Disk; originally identified by Morrison et al. (1990), and recently shown to be an independent structure from the
canonical thick disk by Carollo et al. (2019) and An & Beers (2020).

©These DTGs have been attributed to the Helmi et al. (1999) Stream by Yuan et al. (2020) and Limberg et al. (2020).

dThese DTGs have been attributed to the Gaia-Sausage by Yuan et al. (2020) and Limberg et al. (2020).

NoTE—In the first column, the number in parenthesis indicates the number of RPE stars from our study associated with the listed

substructure, DTG, or group.



26

Table 2. RPA Classes, Temperatures, and Elemental Abundances for the Initial Sample

GUDIN ET AL.

Name RPA Class Tepr [Fe/H] [C/Fe] [C/Felc [Sr/Fe] [Ba/Fe] [Eu/Fe] Reference RPA
(K)
2MASS J00002259—-1302275 r-1I 4576 —2.90 —0.65 —0.65 —1.20 —0.38 +0.58 a 1
2MASS J00002416—1107454 -1 4693 —2.43 —0.27 +0.30 —0.04 —0.24 +0.51 b 1
SMSS J000113.96—363337.9 limited-r 4810 —2.32 —0.33 +0.09 —0.04 —1.21 —0.55 © 0
HD 224930 -1 5275 —1.00 P R R —0.19 +0.34 d 0
2MASS J00021668—2453494 -1 5020 —1.81 —0.88 —0.57 +0.59 +0.10 +0.52 a 1
BPS CS 22957—-0036 r-1 5970 —2.28 40.04 +0.04 +0.20 —0.22 +0.55 € 0
HD 20 11 5445 —1.58 —0.34 —0.32 +0.13 +0.32 +0.80 £ 0
2MASS J00073817—0345509 r-IT1 4663 —2.09 —0.32 +0.17 +0.41 +0.11 +0.73 g 1
BPS CS 31070—-0073 r-11 / CEMP-r 6190 —2.55 +1.34 +1.34 —0.04 +2.42 +2.83 h 0
2MASS J00093394—1857008 r-1 4815 —1.88 —0.17 +0.06 +0.13 +0.23 +0.46 b 1
2MASS J00101758—-1735387 11 5229 —2.41 0.00 +0.01 +0.09 +0.43 +1.35 i 1
HE 0010—3422 r-11 / CEMP-r 5400 —2.78 +1.92 +1.94 +0.85 +1.54 +1.72 i 0
2MASS J00154806—-6253207 -1 4725 —2.30 —0.55 —0.33 +0.30 +0.08 +0.40 b 1
2MASS J00172430—3333151 -1 4764 —2.29 —0.07 +0.23 +0.35 +0.05 +0.59 b 1
2MASS J00182832—-3900338 -1 4639 —1.80 —0.35 +0.15 +0.28 +0.07 +0.57 b 1
BPS CS 22882-0001 r-1T 5930 —2.62 40.68 +0.77 +0.16 +0.06 +0.81 € 0
2MASS J00223225—4839449 -1 4648 —1.75 —0.25 +0.20 —0.05 +0.10 +0.65 b 1
BPS CS 30339—-0052 r-1 5580 —2.69 +0.67 +0.68 +0.61 —0.53 +0.55 € 0
BPS CS 29497-0004 r-IT 5090 —2.63 +0.10 +0.11 +0.55 +1.01 +1.68 k 0
2MASS J00305267—1007042 limited-r 4831 —2.35 0.00 +0.50 +0.50 —0.71 0.00 & 1
2MASS J00400685—4325183 r-1 4630 —2.55 —0.85 —0.13 —1.52 —1.56 +0.55 a 1
2MASS J00405260—-5122491 71T 5689 —2.11 —0.04 —0.04 +0.09 —0.04 +0.86 a 1
2MASS J00413026—4058547 r-1 4605 —2.58 —0.49 +0.20 +0.04 —0.27 +0.38 b 1
2MASS J00442897—-1017497 -1 4672 —2.41 —0.25 +0.36 —0.08 —0.07 +0.47 b 1
2MASS J00452379—2112161 -1 4783 —2.63 —0.15 +0.50 —0.10 —0.25 +0.40 i 1
2MASS J00452879—5846450 -1 4754 —2.22 —0.25 +0.37 +0.28 +0.12 +0.57 b 1
2MASS J00453930—7457294 r-1 / CEMP-r 4947 —2.00 +0.93 +0.98 +0.83 +0.37 +0.55 a 1
HE 0045—2430 -1 5377 —1.77 —0.09 —0.08 —0.75 —0.34 +0.33 f 0
2MASS J00482431—1041309 r-1I 4764 —2.50 —0.25 +0.47 +0.25 +0.09 +0.45 b 1
2MASS J00512646—1053170 -1 6340 —2.38 —1.75 —1.75 +0.49 +0.50 +1.21 i 1
2MASS J00524174—0902235 r-IT 5170 —1.46 —1.37 —1.04 —1.41 —0.72 +0.94 i 1
2MASS J00532781—-0253169 -1 4370 —2.16 —0.30 +0.40 —0.05 —0.24 +0.39 g 1
2MASS J00541965—0611555 -1 4707 —2.32 —0.20 +0.50 +0.26 —0.21 +0.59 & 1
HE 0057—4541 -1 5144 —2.40 +0.44 +0.45 +0.21 —0.06 +0.55 1 0
BPS CS 22953-0003 r-I1 4860 —3.13 +40.10 +0.35 +0.32 +0.29 +0.79 € 0
BPS CS 22183-0031 r-IT 4850 —3.57 +0.30 +0.56 —0.22 +0.13 +0.84 € 0
2MASS J01094330—-5907230 limited-r 4714 —2.49 —0.17 +0.51 +0.08 —0.49 +0.01 b 1
2MASS J01165010—-6307441 -1 5112 —1.64 +0.15 +0.18 —0.23 0.00 +0.37 i 1
2MASS J01202234—5425582 -1 5125 —2.11 —0.09 —0.08 +0.50 +0.16 +0.30 a 1
2MASS J01213447—2528002 r-1 4551 —2.61 —0.50 +0.24 +0.13 —0.30 +0.30 b 1
2MASS J01293113—-1600454 1T 4876 —2.81 +0.35 +0.51 +0.88 +0.95 +1.76 a 1
2MASS J01311599—4016510 -1 4824 —2.17 —0.10 +0.27 +0.18 —0.12 +0.53 b 1
2MASS J01321981—-3040512 -1 5175 —2.13 —0.15 —0.14 +0.07 +0.03 +0.42 b 1
2MASS J01371888—1729037 r-1 4381 —2.55 —0.85 —0.07 —0.18 —0.31 +0.33 b 1
2MASS J01373857—-2618131 -1 4579 —2.80 —0.15 +0.57 0.00 +0.03 +0.62 b 1
2MASS J01425422—-5032488 r-I 5132 —2.09 +40.07 +0.08 +0.13 —0.13 +0.38 a 1
2MASS J01425445—-0904162 -1 4662 —1.73 —0.55 —0.15 +0.30 +0.35 +0.83 b 1
2MASS J01493760—4551222 -1 4965 —2.73 —0.10 +0.36 —0.40 —0.05 +0.30 b 1
2MASS J01530024—3417360 -1 5323 —1.50 +0.01 +0.02 +0.40 +0.09 +0.71 a 1
2MASS J01553180—4919420 r-IT 5004 —3.01 +40.40 +0.41 +0.06 +0.15 +0.72 i 1
2MASS J01555066 —6400155 -1 4779  —2.71 —0.20 +0.26 —0.14 +0.10 +0.80 i 1
2MASS J01565634—1402108 11 4622 —2.08 —0.27 +0.37 +0.10 —0.11 +0.76 & 1
BPS CS 22958—-0037 -1 5770 —2.51 40.33 +0.35 —0.09 —0.36 +0.51 © 0
2MASS J02031860—7930291 -1 4720 —3.03 —0.52 +0.21 —0.23 +0.07 +0.36 0
2MASS J02070641—5009166 -1 4526 —2.15 —0.80 —0.04 +0.13 +0.20 +0.65 1
BPS CS 22958—-0052 11 6090 —2.62 +0.32 +0.32 +0.13 0.00 +1.00 © 0
HD 13979 limited-r 4830 —2.97 —1.17 —0.81 —0.18 —0.78 —0.29 © 0
2MASS J02165716—7547064 -1 4543 —2.50 —0.33 +0.42 +0.25 +0.25 +1.12 a 1
2MASS J02230804—3129531 -1 4757 —1.82 —0.30 +0.12 +0.15 +0.10 +0.45 b 1
2MASS J02265832—-0749596 -1 5088 —1.94 —0.05 —0.04 +0.23 +0.08 +0.56 b 1
2MASS J02274104—0519230 r-1I 4498 —2.38 —0.70 +0.08 +0.72 —0.18 +0.42 g 1
2MASS J02355867—6745520 r-1 / CEMP-r 4653 —1.55 +0.97 +1.10 +0.10 +0.49 +0.50 a 1
2MASS J02413897—0427349 -1 4539 —2.48 —0.35 +0.40 +0.24 —0.26 +0.48 g 1
HE 0240—0807 7r-11 4740 —2.88 —0.43 +0.02 —0.13 +0.20 +0.78 1 0
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Table 2 (continued)

Name RPA Class Terr [Fe/H] [C/Fe] [C/Fe]c [Sr/Fe] [Ba/Fe] [Eu/Fe] Reference RPA
(K)
BD+42:621 r-1 4725 —2.48 —0.18  —0.55  +0.54 m 0
2MASS J02462013—1518419 r-1T 4879 —2.71 +40.04 +0.12 +0.58 +0.60 +1.45 a 1
SMSS J024858.41—684306.4 r-11 / CEMP-r 4977 —3.71 +0.66 +0.91 —0.16 +0.59 +1.00 © 0
2MASS J02500719—-5145148 r-1 / CEMP-r 4707 —2.20 +1.04 +1.28 —0.05 +0.48 +0.62 a 1
2MASS J02515281—-3717316 -1 4660 —2.33 —0.40 +0.34 —0.33 —0.22 +0.33 b 1
2MASS J02570028 —3024374 r-1 4833 —2.05 +40.15 +0.33 —0.03 +0.03 +0.55 b 1
BPS CS 31078—-0018 11 5257 —2.85 +0.35 +0.36 +0.24 +0.72 +1.23 n 0
HE 0300—-0751 r-IT1 5280 —2.27 +40.10 +0.11 +0.13 +0.02 +0.77 £ 9
2MASS J03071478-0534554 -1 4568 —2.23 —0.21 +0.44 +0.38 +0.17 +0.50 g 1
2MASS J03073894—0502491 r-IT1 4450 —2.22 —0.57 +0.01 +1.25 +0.14 +1.27 i 1
2MASS J03084611—4747083 r-1 5071 —1.56 +40.20 +0.22 +0.09 +0.18 +0.55 © 9
2MASS J03133726—1020553 -1 4757 —2.05 —0.31 +0.17 —0.17 —0.12 +0.42 g 1
2MASS J03154102—7626329 -1 4657 —2.71 —0.10 +0.55 —0.22 —0.01 +0.50 i 1
HE 031540000 -1 5013 —2.73 +0.18 +0.19 —0.01 +0.34 +0.65 £ 0
BPS CS 22968—-0026 r-1 5850 —2.57 —0.09 —0.09 +0.23 —0.51 +0.58 0
2MASS J03210882—-3944213 -1 4671 —1.91 —0.60 +0.03 +0.20 +0.13 +0.55 1
2MASS J03270229+40132322 r-I1 5170 —2.39 +40.35 +0.36 —0.05 +0.50 +1.07 i 1
BPS CS 29526—-0110 r-11 / CEMP-r 6650 —2.19 +2.38 +2.38 +0.27 +2.27 +2.28 h 0
HE 0328—-1047 -1 5301 —2.25 +40.15 +0.16 +0.01 —0.07 +0.42 f 0
CD—24:1782 limited-r 4950 —3.05 +0.10 +0.15 —0.15 —0.91 —0.24 © 0
HE 0337-5127 r-1 5247 —2.62 +40.16 +0.17 —0.01 —0.02 +0.60 f 0
2MASS J03422816—-6500355 11 4976 —2.16 +0.05 +0.06 +0.33 +0.40 +1.05 b 1
SMSS J034249.53—-284216.0 r-I 4828 —2.33 —0.50 —0.08 —0.52 —0.78 +0.31 < 9
HE 0341—-4024 -1 6108 —1.82 +0.27 +0.27 —0.09 —0.08 +0.69 f 0
2MASS J03434624—0924169 r-1 4380 —1.92 —0.40 +0.24 —0.02 —0.07 +0.38 & 1
2MASS J03550926—0637108 limited-r 5076 —2.38 —0.80 —0.29 +0.50 —0.28 +0.25 g 1
2MASS J03563703—-5838281 limited-r 4450 —2.87 —0.78 —0.02 +0.55 —0.50 +0.11 a 1
BPS CS 30494—0003 limited-r 4930 —2.97 +40.14 +0.24 +0.12 —0.65 +0.02 © 9
BPS CS 29529—-0054 1T 5710 —2.55 +0.58 +0.58 —0.10 —0.02 +0.90 © 0
2MASS J04012191—-2635058 r-1I 4856 —2.20 +40.03 +0.13 +0.13 +0.15 +0.38 b 1
RAVE J040618.2—030525 1T 5100 —1.46 +0.54 +0.56 Ce +0.98 +1.17 © 0
2MASS J04121388—1205050 r-1 4658 —2.73 —0.12 +0.60 +0.42 —0.43 +0.52 a 1
BPS CS 22186—-0005 1T 6250 —2.72 —1.02 —0.62 +0.71 P 0
BPS CS 22186—0002 -1 5500 —2.72 +40.15 +0.15 —0.14 —0.30 +0.44 € 9]
2MASS J04182158-2323391 -1 4633 —1.82 —0.44 +0.07 +0.19 +0.13 +0.48 b 1
2MASS J04192966—0517491 r-I 4568 —2.02 —0.36 +0.20 +0.23 0.00 +0.40 g 1
BPS CS 22186—0023 limited-r 4820 —3.04 +0.06 +0.41 —0.27 —1.18 —0.70 © 0
BPS CS 22182—-0033 r-1 5810 —2.65 +40.13 +0.13 +0.04 —0.47 +0.40 € 9
HE 0420+0123a r-11 / CEMP-r 4800 —3.03 +0.33 +0.78 —0.25 +0.15 +0.79 a 0
BPS CS 22186—-0025 -1 4900 —3.00 —0.62 —0.19 —0.12 +0.02 +0.54 r 9]
2MASS J04245677—-6500173 -1 4608 —2.37 —0.52 +0.20 —0.30 +0.19 +0.30 i 1
2MASS J04263084—4058516 r-1 4612 —2.43 —0.60 —0.01 +0.02 +0.07 +0.40 b 1
HE 0430—4901 -1 5296 —2.72 +0.09 +0.10 —0.58 —0.07 +1.16 f 0
2MASS J04315411—-0632100 -1 5274 —2.18 —0.05 —0.05 +0.05 —0.10 +0.30 b 1
HE 0432—-0923 r-IT 5131 —3.19 +40.24 +0.25 +0.47 +0.72 +1.25 f 9
HE 0442—-1234 r-1 4604 —2.41 —0.61 0.00 —0.32 —0.13 +0.52 £ 0
BPS CS 22191—-0029 r-1 5810 —2.94 +40.96 +1.28 +0.29 —0.37 +0.37 © 9
2MASS J04520910—-6209121 -1 4623 —2.79 —0.19 +0.49 —0.14 —0.14 +0.46 b 1
2MASS J04530168—2437144 -1 4672 —2.44 —0.80 —0.04 —0.21 —0.04 +0.59 g 1
2MASS J04565146 —3115427 -1 4190 —2.19 —0.25 +0.45 +0.02 —0.33 +0.34 & 1
2MASS J05030025—7601462 -1 4725 —2.17 —-0.20 +0.40 0.00 —0.21 +0.40 i 1
SMSS J051008.62—372019.8 -1 5170 —3.20 +0.56 +0.57 +0.41 +0.75 +0.95 © 0
HE 0512—3835 r-I 4948 —2.40 —0.22 —0.18 +0.03 —0.11 +0.37 f 0
HE 0516—3820 -1 5269 —2.51 +0.35 +0.36 +0.23 +0.06 +0.64 1 0
2MASS J05241392—-0336543 r-IT 4513 —2.50 —0.40 +0.09 —0.27 +0.47 +1.50 i 1
HE 0524—2055 -1 4749 —2.76 +0.10 +0.51 —0.01 —0.04 +0.50 1 0
2MASS J05311779—-5810048 r-1 5141 —2.40 +40.17 +0.18 —0.13 —0.11 +0.65 b 1
HE 0534—4615 -1 5506 —2.01 +0.13 +0.13 +0.04 —0.01 +0.49 f 0
2MASS J05381700—7516207 r-1 4968 —1.84 +40.01 +0.04 +0.46 +0.23 +0.53 b 1
2MASS J05383296 —5904280 -1 5824 —2.54 PN e +1.11 +0.76 +1.28 b 1
2MASS J05384334—5147228 limited-r 4918 —2.92 +0.59 +0.97 —0.10 —0.66 —0.20 i 1
HE 0538—-4515 r-1 5896 —1.52 +40.15 +0.15 +0.16 —0.10 +0.51 f 0
2MASS J05521578-3953184 -1 4705 —2.37 —0.22 +0.23 +0.23 —0.04 +0.41 b 1
2MASS J05564771—6639054 r-1 4711 —2.06 —0.45 —0.11 +0.10 +0.08 +0.45 b 1
2MASS J06090353—7122260 -1 4878 —2.75 —0.08 +0.38 —0.16 —0.45 +0.32 b 1
2MASS J06195001—-5312114 7r-11 5212 —2.04 +40.30 +0.31 +1.00 —0.03 +0.73 b 1
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Table 2 (continued)

Name RPA Class Terr [Fe/H] [C/Fe] [C/Fe]c [Sr/Fe] [Ba/Fe] [Eu/Fe] Reference RPA
(K)
SMSS J062609.83—590503.2 -1 4960 —2.77 +0.27 +0.47 —0.02 +0.84 +1.06 © 0
2MASS J06290787—-6709523 r-1I 4616 —2.79 —0.44 +0.30 —0.44 —0.17 +0.46 b 1
2MASS J06320130—-2026538 -1 5067 —1.56 —0.05 —0.03 +1.44 +0.15 +0.70 b 1
2MASS J06332771—3519240 r-1 5224 —1.86 +40.02 +0.03 +0.12 +0.02 +0.45 b 1
SMSS J063447.15—622355.0 r-11 / CEMP-r 4432 —3.41 +0.08 +0.83 —0.56 +0.41 +0.89 © 0
2MASS J06392518—-7414056 r-1 5089 —2.51 +40.35 +0.36 +0.07 —0.28 +0.40 i 1
2MASS J06401317—3540444 -1 4942 —2.38 —0.10 —0.09 +0.24 +0.05 +0.38 b 1
2MASS J07052028—-3343242 r-1 4757 —2.24 —0.36 +0.27 +0.03 —0.17 +0.62 & 1
2MASS J07150266—0154092 711 4855 —2.60 +0.07 +0.08 < —2.42 +0.52 +0.88 i 1
2MASS J07161594—5135248 r-I 4575 —1.85 —0.47 +0.13 +0.21 +0.28 +0.46 b 1
2MASS J07202253—-3358518 r-IT 5040 —1.61 +40.11 +0.13 +0.49 +0.68 +1.44 b 1
2MASS J07250021—7022038 r-1 / CEMP-r 4837 —2.65 +0.30 +0.77 —0.14 —0.30 +0.33 i 1
2MASS J07352232—4425010 r-IT 5245 —1.62 —0.01 0.00 +0.24 +0.39 +0.79 b 1
2MASS J07393021—-5548171 -1 4426 —1.74 —0.95 —0.40 +0.35 +0.50 +0.63 b 1
BD—-01:1792 r-I 4850 —1.26 P e - —0.02 +0.38 d 9]
2MASS J07411443—-4339360 -1 4974 —1.74 +0.05 +0.07 +0.02 +0.13 +0.50 b 1
RAVE J074824.3—-483141 r-1 5305 —2.13 0.00 +0.32 +0.66 —0.20 +0.45 ° 0
2MASS J07501424—4123454 r-1 5021 —1.89 +40.17 +0.18 +0.15 +0.27 +0.59 b 1
2MASS J08015897—-5752032 r-1 4622 —1.75 —0.35 +0.17 +0.20 +0.15 +0.55 b 1
2MASS J08025449—5224304 limited-r 4486 —2.68 —0.55 +0.21 +0.75 —0.21 +0.10 i 1
2MASS J08032084—5856521 -1 5158 —1.74 +40.01 +0.03 +0.24 +0.26 +0.49 b 1
2MASS J08134364—2332528 -1 4836 —1.72 —0.40 +0.10 +0.10 +0.28 +0.32 b 1
2MASS J08155667—2204105 r-1I 4877 —1.85 —0.13 —0.03 +0.11 +0.21 +0.57 b 1
2MASS J08393460—2122069 -1 4779 —1.94 —0.20 +0.14 +0.15 +0.13 +0.42 b 1
2MASS J08580584—0809174 r-1 / CEMP-r 4530 —3.16 +40.01 +0.76 +0.01 —0.34 +0.27 s 1
2MASS J08594093—-1415151 -1 4876 —1.46 —0.27 —0.20 +0.13 +0.35 +0.52 b 1
2MASS J09185890—2311511 r-I1 4662 —2.05 —0.35 +0.32 —0.51 —0.06 +0.71 & 1
2MASS J09255655—3450373 -1 4619 —1.82 —0.46 —0.04 +0.39 +0.22 +0.62 b 1
2MASS J09261133—-1526232 -1 5004 —1.70 +0.01 +0.03 +0.06 +0.28 +0.43 b 1
2MASS J09284944—-0738585 -1 4760 —1.22 0.00 +0.07 +0.45 +0.32 +0.60 b 1
2MASS J09364069—2038386 -1 4778 —1.78 —0.35 —0.05 +0.15 +0.12 +0.48 b 1
2MASS J09463483—-0626532 -1 4370 —1.99 —0.46 +0.21 +0.03 —0.07 +0.35 g 1
2MASS J095313224-0744515 -1 4702 —4.04 —0.40 —0.21 +0.01 +0.30 +0.50 i 1
2MASS J09544277+4+5246414 r-IT 4340 —2.99 —0.50 +0.24 +0.30 +0.35 +1.28 t 1
2MASS J09574607 —3923072 -1 4903 —1.73 —0.06 +0.25 +0.22 +0.21 +0.55 b 1
2MASS J09580181—1446137 r-I 4756 —2.33 —0.50 +0.03 +0.59 +0.20 +0.59 g 1
2MASS J10025125—-4331098 r-1 4788 —2.90 PN e —0.36 —0.71 +0.42 b 1
2MASS J10044858—2706500 r-1 4831 —2.40 +40.04 +0.55 0.00 —0.38 +0.41 g 1
2MASS J10063414—7030212 -1 4963 —2.20 +0.19 +0.33 —0.21 +0.03 +0.39 i 1
2MASS J10082492—2314124 -1 4898 —1.97 0.00 +0.02 +0.15 +0.23 +0.40 b 1
BPS BS 15621—-0047 r-11 / CEMP-r 4750 —2.29 +1.06 +1.30 +0.24 +0.35 +0.84 h 0
2MASS J10121964—3221347 r-1 4595 —2.68 —0.55 +0.20 —0.20 —0.07 +0.55 b 1
2MASS J10191573—1924464 r-11 4564 —1.19 —0.32 —0.23 +0.63 +0.73 +0.75 b 1
2MASS J10194932—-4900584 r-I 5013 —1.50 —0.05 —0.02 +0.20 +0.22 +0.45 b 1
2MASS J10223779—3400209 r-I 4831 —2.14 -0.15 +0.15 +0.35 —0.29 +0.37 g 1
2MASS J10302845—7543299 -1 4684 —2.21 —0.52 +0.22 —0.07 +0.08 +0.53 b 1
2MASS J10344785—4823544 limited-r 4927 —2.08 0.00 +0.20 +0.18 —0.35 —0.08 b 1
2MASS J10345348-1117221 -1 4548 —1.89 —0.65 —0.04 +0.05 —0.32 +0.35 b 1
2MASS J10362687—3746174 r-1 4597 —1.83 —0.51 +0.08 +0.22 +0.32 +0.60 b 1
2MASS J10401894—-4106124 -1 4958 —1.55 0.00 +0.02 +0.13 +0.35 +0.82 b 1
HE 1044—2509 r-IT 5227 —2.89 +40.52 +0.53 +0.23 +0.24 +0.94 f 0
2MASS J10492192—-1154173 r-1 4915 —2.18 —0.42 —0.41 —0.06 —0.16 +0.33 & 1
2MASS J10513692—2115466 r-1 4430 —1.73 —0.30 +0.27 +0.03 —0.27 +0.32 g 1
SMSS J105320.99—-435300.1 -1 5022 —1.86 +0.09 +0.13 —0.16 —0.09 +0.37 © 0
J1054+40528 r-1 / CEMP-r 5030 —3.30 +40.82 +0.86 —0.30 —0.52 +0.44 u 0
2MASS J10550658+1931580 -1 4851 —2.32 +0.30 +0.68 —0.22 —0.50 +0.50 i 1
2MASS J10594136—2052253 r-I 4370 —2.16 —0.42 +0.28 +0.26 —0.07 +0.35 & 1
2MASS J11014865—3749526 -1 4452 —2.20 —0.70 +0.06 +0.10 —0.12 +0.50 b 1
LAMOST J1109014-075441 r-IT 4440 —3.41 —0.57 +0.15 +0.29 +0.31 +1.16 v 0
2MASS J11165400—7250160 -1 4369 —2.88 —0.90 —0.14 +0.17 —0.30 +0.30 i 1
LAMOST J112456.61+453531. r-11 5180 —1.27 —0.42 —0.40 —0.36 +0.24 +1.10 w 0
HE 1127—-1143 r-IT 5224 —2.73 +40.54 +0.55 +0.24 +0.63 +1.08 f 0
2MASS J11301705—1449325 -1 4985 —2.45 —0.10 —0.09 +0.08 —0.12 +0.50 & 1
2MASS J11303693+4+0224037 r-1I 4702 —1.86 —0.20 +0.36 —0.40 —0.40 +0.35 i 1
HE 113140141 r-11 5236 —2.49 +40.12 +0.13 +0.15 +0.52 +0.87 £ 0
2MASS J11370170—5401298 -1 4466 —1.80 —0.80 —0.19 +0.05 +0.10 +0.63 b 1
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Table 2 (continued)

Name RPA Class Terr [Fe/H] [C/Fe] [C/Fe]c [Sr/Fe] [Ba/Fe] [Eu/Fe] Reference RPA
(K)
2MASS J11404726—-0833030 -1 5118 —1.55 +0.03 +0.05 +0.11 +0.36 +0.55 b 1
2MASS J11404944—1615396 r-1T 4697 —1.68 —0.40 +0.02 +0.20 +0.27 +0.88 b 1
BD+26:2251 -1 5875 —1.10 PN e e +0.01 +0.48 d 0
2MASS J11444086—0409511 r-1I 4614 —2.52 —0.40 +0.33 —0.01 —0.26 +0.58 g 1
2MASS J11444480—1128167 -1 5006 —2.42 —0.35 —0.34 +0.03 —0.29 +0.35 & 1
2MASS J11463882—0422395 r-1 / CEMP-r 4235 —2.05 +40.25 +0.74 —0.28 +0.32 +0.62 g 1
2MASS J11471027+0341265 -1 4819 —2.47 +0.10 +0.61 —0.84 —0.05 +0.40 i 1
2MASS J11472988—-0521444 [ 4707 —2.00 —0.25 +0.34 0.00 —0.22 +0.31 & 1
2MASS J11510227—6940416 r-1 4630 —2.53 —0.52 +0.17 —0.01 —0.17 +0.48 i 1
HD 103095 r-11 4950 —1.46 —0.03 +0.72 d 9
2MASS J11543613—0133450 r-IT 5230 —1.89 +40.30 +0.31 +0.10 +0.50 +0.80 * 9
RAVE J115941.7—382043 -1 5120 —1.10 +0.18 +0.19 —0.01 +0.70 © 0
2MASS J12044314—2911051 r-IT 4465 —2.35 —0.67 +0.11 +0.28 +0.33 +0.71 b 1
2MASS J12045624—0759232 r-1 4530 —2.72 —0.24 +0.50 —0.29 —0.11 +0.33 & 1
2MASS J12070990—-3653243 r-I 4604 —1.76 —0.50 —0.05 +0.10 —0.10 +0.40 b 1
2MASS J12091322—1415313 r-11 4370 —2.11 —0.50 +0.20 —0.01 +0.11 +0.81 & 1
2MASS J12102259—4902190 r-1 4822 —1.69 —0.05 +0.33 +0.15 +0.23 +0.58 b 1
HD 106373 -1 6040 —2.61 +0.92 +1.05 +0.34 —0.39 +0.42 © 0
HE 1212-0127 [ 4915 —2.15 —0.39 —0.21 —0.20 —0.32 +0.35 f 9]
HE 1214—-1819 r-1 4916 —3.01 +40.35 +0.42 +0.27 —0.04 +0.49 £ 0
2MASS J1217082940415146 r-IT 4630 —2.22 —0.40 +0.31 —0.44 +0.15 +1.10 i 1
2MASS J122032974-0257138 -1 4707 —2.63 —0.55 +0.14 0.00 0.00 +0.45 i 1
HE 1219-0312 r-1T 5060 —2.96 +40.03 +0.04 +0.35 +0.65 +1.38 Y 0
HD 107752 -1 4826 —2.83 —0.04 —0.25 +0.36 z 0
2MASS J12233047—4216365 r-I 4797 —2.33 —0.40 +0.34 —0.28 —0.32 +0.30 i 1
2MASS J12255123—-2351074 -1 4990 —3.04 +0.30 +0.32 —0.09 —0.34 +0.52 i 1
HD 108317 -1 5030 —2.62 —0.02 —0.01 +0.15 —0.16 +0.30 € 9
HD 108577 r-1 4900 —2.36 cee —0.17  40.36 aa 0
2MASS J12292696 —0442325 r-1 4523 —2.23 —0.40 +0.28 0.00 —0.22 +0.46 & 1
HE 1226-—-1149 r-1T 5120 —2.91 +40.42 +0.43 +0.35 +0.90 +1.55 ab 0
2MASS J12341308—-3149577 -1 4772  —1.34 —0.20 —0.13 +0.35 +0.18 +0.35 b 1
2MASS J12351734+40945333 r-1 4630 —2.39 —0.40 +0.28 —0.50 +0.05 +0.30 i 1
RAVE J123550.1—313111 r-1 / CEMP-r 4655 —2.46 40.61 +1.11 +0.27 +0.59 © 0
2MASS J12405721—4051430 r-1 5163 —1.48 +40.05 +0.07 +0.20 +0.22 +0.45 b 1
HE 1247-2114 limited-r 5012 —2.61 +40.32 +0.34 +0.37 —0.43 +0.22 £ 0
2MASS J12503987—-0307485 r-1 5060 —2.15 —0.27 —0.26 —0.57 +0.10 +0.45 g 1
2MASS J12535742—-3801355 -1 4773 —2.37 —0.01 +0.55 —0.06 —0.14 +0.53 b 1
2MASS J12563137—0834098 r-1 4210 —2.34 —0.44 +0.31 +0.32 —0.28 +0.45 g 1
2MASS J12571667—4335318 -1 4845 —1.96 —0.05 +0.05 +0.05 +0.15 +0.30 b 1
HE 1256—-0228 r-1 4860 —2.07 —0.04 +0.15 0.00 +0.12 +0.51 £ 0
2MASS J12591462—7049592 -1 4468 —2.45 —0.60 +0.16 +0.25 +0.25 +0.50 i 1
BPS BS 16929—0005 r-11 / CEMP-r 5250 —3.15 +1.50 +1.51 +0.52 +0.27 +1.01 h 0
2MASS J13052137—1137220 r-11 4711 —2.07 —0.30 +0.35 —0.43 +0.20 +1.09 i 1
RAVE J130524.5—393126 r-IT 4820 —2.25 +40.17 +0.54 +0.43 +0.12 +0.76 © 0
2MASS J13085850—2712188 limited-r 4487 —2.38 —0.60 +0.15 +0.25 —0.30 +0.20 b 1
2MASS J13101305—3342369 -1 4594 —2.01 —0.60 +0.01 +0.40 +0.08 +0.53 b 1
HE 1311—-1412 -1 4796 —2.91 —0.15 +0.28 —0.06 —0.06 +0.53 f 0
BPS CS 22877—-0015 r-11 6150 —2.12 +40.15 +0.15 +0.39 +0.30 +0.72 © 0
HD 115444 r-I1 4650 —2.99 —0.11 +0.32 +0.32 +0.18 +0.85 ac 0
2MASS J13164824—2743351 -1 4990 —1.61 —0.05 —0.03 +0.26 +0.01 +0.54 a 1
BPS BS 16033—0081 r-1 / CEMP-r 5020 —2.20 +0.77 +0.92 —1.99 —0.93 +0.38 h 9]
2MASS J13214178—-4320055 -1 4892 —2.17 —0.30 +0.26 —0.05 +0.15 +0.58 b 1
HE 1320—-1339 limited-r 4690 —3.18 —0.97 —0.28 +0.20 —0.68 —0.21 © 0
2MASS J13254554— 1747547 r-1 4588 —2.32 —0.58 +0.18 —0.02 —0.44 +0.40 & 1
2MASS J13260450—1525020 limited-r 4798 —2.38 —0.12 +0.48 —0.10 —0.67 —0.28 g 1
2MASS J13261792—-0945176 -1 4815 —2.88 +0.10 +0.52 —0.07 —0.25 +0.40 i 1
2MASS J13315746—1929446 r-1 5077 —1.19 +40.09 +0.11 +0.29 +0.44 +0.51 b 1
2MASS J13330890—-4654079 r-1 / CEMP-r 4591 —3.02 +40.05 +0.78 0.00 —0.17 +0.49 b 1
HD 118055 [ 4400 —1.91 P e A +0.04 +0.54 d 9]
2MASS J13351401—-0110524 -1 4568 —2.45 —0.52 +0.21 —0.39 —0.22 +0.53 g 1
SMSS J133532.32—210632.9 -1 4734 —2.73 —0.50 +0.23 +0.29 —0.02 +0.31 © 0
2MASS J13374885—0826176 r-IT 4265 —2.62 —0.40 +0.34 +0.17 +0.02 +0.93 g 1
2MASS J13425404—0717005 r-1 4568 —2.51 —0.62 +0.14 +0.04 —0.26 +0.44 & 1
HD 119516 r-1I 5290 —2.26 —0.42 +0.28 +0.26 —0.02 +0.34 ad 0
BPS BS 16089—-0013 -1 4900 —2.70 +0.40 +0.66 +0.16 —0.13 +0.46 ae 0
2MASS J13494713—7423395 -1 4788 —2.85 +40.10 +0.60 +0.10 +0.05 +0.70 i 1
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Table 2 (continued)

Name RPA Class Terr [Fe/H] [C/Fe] [C/Felc [Sr/Fe] [Ba/Fe] [Eu/Fe] Reference RPA
(K)
2MASS J13511539—7340363 r-1 5044 —2.49 0.00 +0.01 —0.20  40.17  +0.50 i 1
2MASS J13524835+1254216 r-1 4815 —1.96 —0.20 +0.39 —0.20 —0.30  +0.30 i 1
2MASS J14004919+4551581 r-11 4699 —1.93 S S +0.10  —0.02  +0.77 af 0
HD 122563 limited-r 4500 —2.97 —0.45 +0.30 —0.19  —1.17  —0.84 0
2MASS J14032900—5250429 -1 5121 —1.86 —0.05 —0.04 +0.15  40.10  +0.38 1
2MASS J140437624+0011117 r-1 / CEMP-r 4370 —1.87 +40.65 +0.96 +0.43  40.38  +0.58 1
HD 122956 r-1 4600 —1.70 +0.18 +0.15 +0.55 ag 0
2MASS J14100568—0701443 r-1 4698 —1.98 —0.30 +0.29 +0.10  40.10  +0.68 i 1
2MASS J14101587—0343553 -1 4931 —2.06 —0.15  —0.09 —0.15  —0.12  +0.67 g 1
2MASS J14155955—3219255 r-1 4486 —2.62 —0.81 —0.04 —0.11  —0.26  +0.47 b 1
2MASS J14164084—2422000 limited-r 4540 —2.73 —0.86  —0.09 +0.48  —0.44  +0.02 a 1
2MASS J14180866—2842077 -1 4672 —2.32 —0.35 +0.30 —0.41  —0.11  +0.43 g 1
2MASS J14191395—0844410 r-1 4831 —2.08 —0.07  +0.22 +0.34  —0.15  +0.34 g 1
BD+01:2916 -1 4150 —1.80 S L. +0.07 +0.65 ag 0
2MASS J14232679—2834200 r-1 5200 —1.90 +40.43 +0.44 +0.44  —0.07  +0.61 a 1
2MASS J14234371—4025526 -1 4833 —2.74 —0.40 +0.28 —0.47  40.10  +0.30 i 1
BD+08:2856 r-1 4550 —2.10 S —0.15 +0.42 aa 0
BPS CS 22883-0037 r-1 5900 —1.91 —0.09 +0.04 +0.31  40.08  +0.41 0
2MASS J14301385—2317388 r-1 4490 —1.40 -0.70  —0.17 +0.40  4+0.34  +0.62 1
BD+18:2890 r-1 4900 —1.71 A S L. +0.16  40.39 aa 0
HE 14290347 r-1 5000 —2.71 +40.31 +0.41 +0.10  —0.34  +0.47 i 0
2MASS J14325334—4125494 r-11 5020 —2.79 —0.14  —0.13 +0.32  40.71  +1.61 a 1
HE 143040053 r-11 5201 —3.03 +40.29 +0.30 —0.78  —0.10  +0.72 £ 0
2MASS J14354680—1124122 r-11 5079 —1.35 —0.05 —0.03 +0.38  40.42  +0.72 b 1
2MASS J14435196—2106283 limited-r 4486 —1.93 —0.95 —0.23 +0.18  —0.45  —0.30 b 1
BPS BS 16083—0172 r-1 5300 —2.50 +40.34 +0.35 +0.14  —0.37  +0.63 ae 0
2MASS J14533307—4428301 limited-r 4701 —2.46 —0.80  —0.02 —0.15  —0.78  —0.26 b 1
2MASS J145341374+0040467 r-11 4630 —3.09 —0.41 +0.32 +0.44  +1.05  +1.80 i 1
2MASS J1454379240830379 r-II / CEMP-r 4891 —2.31 +40.30 +0.73 0.00  +0.35  +1.10 i 1
2MASS J14590234—0916105 r-1 4684 —2.38 —0.30 +0.32 —0.22 —0.10  +0.45 i 1
2MASS J14592981—3852558 11 4484 —2.48 —0.95 —0.17 +0.23  40.13  +0.93 b 1
2MASS J15002498—0613374 r-1 4460 —2.05 —0.36 +0.33 +0.12  —0.10  +0.39 g 1
2MASS J15042611—2231523 r-1 4990 —2.91 —0.04  —0.03 —0.08  40.16  +0.54 i 1
2MASS J15062866—1428038 r-1 5278 —2.25 —0.08 —0.08 +0.17  —0.01 +0.65 b 1
BD+30:2611 -1 4275  —1.40 +0.08 +0.45 ag 0
2MASS J15075699—0659593 r-1 4300 —2.07 —0.20 +0.44 +0.12  —0.10  +0.36 g 1
2MASS J15083385—1459166 r-1 4543 —2.29 —0.65 +0.08 0.00  —0.10  +0.49 g 1
HD 134440 r-1 4750 —1.51 S S S —0.31 +0.40 d 0
2MASS J1511167240025252 -1 4568 —2.46 —0.90  —0.12 +0.02  —0.18  +0.41 & 1
HD 135148 r-1 4275 —1.70 B R +0.30 +0.58 ag 0
2MASS J15133549 1244339 r-1 / CEMP-r 4855 —2.04 +0.45 +0.75 —2.87  —0.10  +0.55 i 1
BPS CS 30306—0132 r-11 5110 —2.42 40.34 +0.35 +0.14  40.22  +0.85 ah 0
2MASS J15155734—1054220 -1 4856 —1.75 40.02 +0.30 +0.44  40.52  +0.66 b 1
RAVE J151558.3—203821 r-1 4525 —2.74 —0.15 +0.58 +0.27  —0.39  +0.36 o 0
2MASS J15204531—1742486 r-1 4887 —2.81 40.30 +0.54 —2.85 —0.30  +0.35 i 1
2MASS J15211026—0607566 r-11 4707  —2.00 —0.20 +0.34 —0.18  40.10  +0.93 g 1
2MASS J15213995—3538094 r-11 5850 —2.80 +0.56 +0.57 +1.16  +1.35  +2.23 ai 0
2MASS J15260106—0911388 r-11 4499 —2.83 —0.82  —0.06 +0.90  40.69  +1.70 a 1
2MASS J15271353—2336177 r-1 5882 —2.15 40.33 +0.33 +0.35  —0.03  +0.70 a 1
2MASS J15293404—3906241 -1 4492 —2.74 —0.36  —0.16  +0.34 b 1
2MASS J15383085—1804242 r-11 4752  —2.09 —0.10 +0.26 +0.44  40.62  +1.27 g 1
2MASS J15475517—0837102 limited-r 4285 —2.48 —0.60 +0.16 +0.78  —0.50  —0.10 & 1
SMSS J155430.57—263904.8 r-11 4783 —2.61 —0.26 +0.41 +0.14  40.80  +1.14 c 0
2MASS J15582962—1224344 r-11 5125 —2.54 —0.14 +0.31 +0.53  40.04  +0.89 2 1
2MASS J16024498—1521016 r-1 5240 —1.80 —0.05  —0.05 +0.35  40.08  +0.55 a 1
BD+42:2667 r-1 5950 —1.48 +0.09  +0.44 d 0
SMSS J160447.75—293146.7 r-1 / CEMP-r 4675 —2.66 +0.26 +0.88 +0.27  40.01  +0.31 0
2MASS J16064231—1632461 limited-r 4285 —2.28 —0.30 +0.43 +0.01  —0.57  —0.27 g 1
2MASS J16095117—0941174 r-1 4634 —2.66 —0.50 +0.25 —0.06  —0.30  +0.41 g 1
2MASS J16122832—0848083 r-1 4350 —2.11 —0.50 +0.20 +0.29  40.04  +0.58 g 1
2MASS J16163560—0401148 r-1 4370 —1.97 —0.40 +0.25 +0.08  —0.19  +0.52 & 1
2MASS J16285613—1014576 r-1 4955 —2.00 —0.30 +0.24 —0.26  —0.02  +0.36 g 1
BD+09:3223 r-1 5350 —2.20 +0.16  4+0.41  +0.42 a8 0
HD 149414 r-1 5175 —1.26 S S S +0.06  +0.50 d 0
BPS BS 16080—0054 limited-r 4800 —3.00 —0.10 +0.62 +0.25  —0.76  —0.12 ae 0
2MASS J16393106—0522517 limited-r 4370 —2.07 —0.42 +0.26 +0.36 —0.26  —0.07 g 1
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Table 2 (continued)

Name RPA Class Terr [Fe/H] [C/Fe] [C/Fe]c [Sr/Fe] [Ba/Fe] [Eu/Fe] Reference RPA
(K)
2MASS J16455116—0429474 limited-r 4310 —2.15 —0.35 +0.36 +0.38 —0.37 —0.15 1
BPS CS 22878—-0121 r-1I 5450 —2.40 —0.50 —0.40 +0.17 —0.01 +0.49 9]
SMSS J165023.82—252948.7 -1 4833 —2.48 —0.45 +0.17 +0.22 +0.47 +0.56 0
RAVE J165300.5—005507 r-1I 4480 —1.72 —0.36 +0.23 —0.39 —0.43 +0.68 © 9]
2MASS J16592172—-6827199 -1 4621 —2.80 —0.60 —0.05 —0.30 —0.20 +0.40 i 1
2MASS J17043634—6219457 r-1I 4882 —1.99 —0.10 +0.49 —0.16 —0.25 +0.55 i 1
2MASS J17060555+4-0412354 -1 4653 —2.71 —0.10 +0.60 —0.57 +0.05 +0.50 i 1
2MASS J17093199—-6027271 -1 4547 —2.47 —0.45 +0.30 +0.28 —0.15 +0.60 a 1
2MASS J17124284—5211479 r-1 4750 —2.78 —0.42 +0.27 —0.03 —0.58 +0.48 a 1
2MASS J17131974—7113010 r-1 4819 —2.63 —0.20 +0.52 —0.10 0.00 +0.50 i 1
2MASS J17163340—7009028 r-11 4684 —2.39 —0.35 +0.32 —0.07 +0.05 +0.89 i 1
2MASS J17225742—7123000 r-11 5080 —2.42 —0.33 —0.32 +0.31 +0.70 +1.07 a 1
BD+17:3248 r-IT 5200 —2.09 —0.47 —0.24 +0.29 +0.40 +0.91 aj 0
2MASS J17285930—7427532 limited-r 4900 —2.04 —0.42 —0.02 +0.74 —0.53 +0.23 a 1
2MASS J17360008—-5145303 -1 4882 —2.60 0.00 +0.19 —0.53 —0.15 +0.50 i 1
2MASS J17383643—5358288 -1 4671 —2.30 —0.73 +0.05 —0.03 —0.01 +0.55 b 1
2MASS J17400682—6102129 -1 4880 —2.24 —0.26 —0.03 +0.16 —0.31 +0.31 a 1
2MASS J17414840—5340354 -1 4580 —2.19 —0.55 +0.13 +0.25 0.00 +0.63 b 1
2MASS J17435113—-5359333 r-IT 5080 —2.24 —0.35 +0.02 0.00 —0.07 +0.73 1
SMSS J175046.30—425506.9 11 4752 —2.17 —0.12 +0.31 +0.40 +0.85 +1.75 © 0
RAVE J175159.8—-475131 r-1I 4495 —2.02 —-0.27 +0.37 +0.38 —0.14 +0.68 ° 9]
2MASS J17541561—5148268 -1 4810 —2.14 —0.60 —0.11 —0.20 —0.05 +0.50 i 1
G 154—34 [ 5599 —2.24 P e +0.28 —0.10 +0.50 z 0
SMSS J175738.37—454823.5 -1 4617 —2.46 —0.43 +0.25 +0.21 —1.99 +1.02 < 0
2MASS J18024226 —4404426 r-IT 4701 —1.55 +40.35 +0.56 +0.68 +0.95 +1.05 a 1
2MASS J18050641—-4907579 -1 4430 —2.58 —0.70 +0.06 +0.10 +0.15 +0.73 b 1
2MASS J18121045—4934495 limited-r 4436 —3.02 —0.33 +0.41 +0.25 —0.50 —0.07 a 1
SMSS J181505.16—385514.9 r-IT 4962 —3.29 +40.23 +0.23 —0.19 +0.04 +0.96 ak 0
2MASS J18174532—-3353235 -1 4500 —1.67 +0.49 +0.99 al 0
2MASS J18272347—-5133001 -1 4583 —1.86 —0.47 —0.02 +0.43 +0.18 +0.56 1
2MASS J18285086—3434203 -1 4630 —2.46 —0.58 +0.14 +0.22 —0.29 +0.53 a 1
2MASS J18294122—4504000 -1 4700 —2.48 —0.46 +0.19 +0.47 —0.06 +0.70 a 1
2MASS J18294359—4924253 r-11 4621 —1.22 —0.61 —0.22 —0.11 +0.29 +0.89 i 1
RAVE J183013.5—-455510 r-1 / CEMP-r 4765 —3.57 +1.90 +2.34 —0.56 +0.35 +0.69 am 1
SMSS J183128.71—-341018.4 -1 4940 —1.83 +0.01 +0.03 +0.97 +0.53 +1.25 an 0
SMSS J183225.29—-334938.4 r-IT 5293 —1.74 —-0.22 —0.20 +0.26 +0.50 +1.08 an 0
2MASS J18332056—3802590 -1 4756 —1.79 —0.38 +0.01 —0.10 —0.20 +0.30 i 1
2MASS J18362318—-6428124 -1 4896 —2.57 +40.10 +0.30 —0.63 +0.18 +0.57 a 1
2MASS J18363613—7136597 -1 4650 —2.52 —0.75 +0.03 +0.01 —0.37 +0.56 a 1
SMSS J183647.89—274333.1 r-IT 4649 —2.48 —0.47 +0.22 +0.18 +0.13 +0.82 ak 0
HD 175305 r-1 5100 —1.50 +0.13  +0.12 +0.44 28 0
2MASS J18562774—7251331 -1 4709 —2.26 —0.48 +0.24 0.00 —0.01 +0.32 a 1
HD 175606 limited-r 5920 —2.39 +0.09 +0.09 +0.25 —0.27 +0.14 © 0
2MASS J19014952—4844359 r-IT 4820 —1.87 +40.02 +0.20 +0.37 —0.24 +0.93 a 1
2MASS J19050116—1949280 -1 4687 —1.89 —0.43 +0.21 —0.01 —0.08 +0.36 g 1
SMSS J190911.03—213207.5 -1 4626 —2.40 —0.56 +0.20 —0.04 +0.04 +0.43 © 0
2MASS J19092677—5140208 r-I 4729 —2.50 —0.40 +0.09 —0.04 +0.25 +0.60 i 1
SMSS J190931.13—214053.9 -1 4500 —3.33 —0.35 +0.39 —0.72 +0.04 +0.66 © 0
HD 178443 r-I 5180 —2.07 -—0.39 —0.03 +0.24 +0.35 +0.37 ao 0
HD 179626 -1 5625 —1.26 —0.02 +0.47 d 0
2MASS J19161821—-5544454 r-I1 4450 —2.35 —0.80 —0.01 +0.48 —0.12 +1.08 a 1
2MASS J19192768—-5959140 -1 4549 —2.62 —0.60 +0.13 —0.05 +0.25 +0.60 i 1
2MASS J19202070—-6627202 limited-r 4690 —2.10 —0.28 +0.09 +0.73 —0.11 +0.29 a 1
2MASS J19215077—4452545 r-11 4450 —2.56 —0.77 +0.01 —0.05 —0.31 +0.74 a 1
2MASS J19232518—-5833410 r-IT 5035 —2.08 +0.27 +0.28 +0.56 +0.11 +0.76 a 1
2MASS J19232941—-4425432 -1 4437 —2.06 —0.95 —0.20 +0.05 0.00 +0.38 b 1
RAVE J192632.8—584657 r-IT 4355 —2.48 —0.22 +0.51 +0.38 —0.35 +0.76 9]
RAVE J192819.9—-633935 r-1 / CEMP-r 4730 —2.38 +40.17 +0.74 +0.09 +0.45 ° 0
2MASS J19291910—-5528181 -1 4594 —2.52 —0.59 +0.11 —0.56 +0.01 +0.56 i 1
BPS CS 22896—-0055 -1 5970 —2.52 +0.89 +1.03 +0.16 —0.24 +0.47 © 0
2MASS J19310426—-3707397 -1 4720 —2.21 —0.45 +0.05 —0.70 —0.40 +0.40 i 1
2MASS J19324858—-5908019 r-IT 4540 —1.93 —0.51 —0.38 +0.90 +0.65 +0.90 1
2MASS J19345326 —3236567 -1 4634 —2.17 —0.40 +0.26 +0.15 +0.07 +0.63 1
2MASS J19345497—5751400 limited-r 4580 —2.46 —0.70 —0.45 +0.25 —0.71 +0.17 a 1
SMSS J193617.38—790231.4 -1 5260 —1.29 +0.33 +0.35 +0.05 —0.08 +0.42 © 0
BPS CS 22891—-0209 limited-r 4620 —3.49 —0.65 +0.06 +0.41 —0.57 —0.13 © 0
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Table 2 (continued)

Name RPA Class Terr [Fe/H] [C/Fe] [C/Fe]c [Sr/Fe] [Ba/Fe] [Eu/Fe] Reference RPA
(K)
BPS CS 22896—-0154 -1 5250 —2.69 +0.27 +0.28 +0.54 +0.51 +0.86 r 0
2MASS J19445483—4039459 r-1I 4500 —1.98 —0.27 +0.33 +0.21 +0.13 +0.33 b 1
2MASS J19451414—1729269 -1 4631 —2.63 —0.25 +0.41 +0.25 —0.03 +0.55 b 1
RAVE J194550.6—392631 r-11 / CEMP-r 4650 —2.94 +40.17 +0.87 +0.20 +0.40 +0.90 ° 9]
2MASS J19494025—5424113 limited-r 4486 —2.81 —0.55 +0.20 —0.05 —1.01 —0.39 a 1
2MASS J19534978—-5940001 limited-r 4614 —2.79 —0.44 +0.31 +0.25 —0.52 +0.04 a 1
2MASS J19552158—4613569 -1 4756 —2.70 —0.25 +0.21 —0.25 —0.25 +0.37 i 1
2MASS J19563822—-4054235 [ 5395 —2.45 0.00 +0.53 +0.15 —0.20 +0.30 i 1
Gaia DR2 2233912206910720000 »-II 5070 —1.72 e —0.15 +1.11 af 0
2MASS J19584033+40430396 r-1 4718 —1.82 +0.22 +0.02 +0.70 af 9]
SMSS J195931.70—643529.3 r-1T 4639 —2.58 —0.45 +0.25 +0.20 —0.01 +0.74 © 0
2MASS J19594558 —2549075 limited-r 4540 —2.44 —0.70 +0.07 +0.10 —0.50 +0.04 a 1
2MASS J20000364—3301351 r-IT 4474 —1.94 —0.85 —0.17 +0.20 +0.02 +0.90 b 1
2MASS J20005766 —2541488 -1 4731 —2.05 —0.05 +0.27 +0.60 +0.35 +0.40 b 1
2MASS J20050670—3057445 r-IT 4624 —2.74 —0.30 +0.44 —0.16 +0.36 +0.86 g 1
2MASS J20080083—-2759265 -1 4481 —2.17 —0.75 +0.01 +0.25 0.00 +0.35 b 1
2MASS J20093393—-3410273 r-I1 4690 —1.99 —0.86 —0.47 +0.59 +0.23 +1.32 a 1
2MASS J20102782—-0826556 -1 4195 —2.02 —0.45 +0.23 +0.04 —0.39 +0.42 & 1
2MASS J20103193—-3558546 -1 4931 —2.56 —0.20 +0.52 +0.18 —0.03 +0.38 b 1
2MASS J20194310—-3158163 -1 4927 —2.19 —0.02 —0.01 +0.31 +0.16 +0.46 b 1
BPS CS 22943-0132 r-IT1 5850 —2.63 +40.69 +0.69 +0.27 —0.05 +0.86 © 9]
2MASS J20233743—-1659533 -1 4635 —2.60 —0.57 —0.03 +0.23 —0.07 +0.50 b 1
2MASS J20303339—2519500 r-I 4315 —2.21 —0.65 +0.10 +0.41 —0.29 +0.41 a 1
2MASS J20362262—0714197 r-1 / CEMP-r 4283 —2.41 +0.30 +0.88 +0.02 —0.57 +0.48 g 1
2MASS J20374042—5520500 r-I 4801 —2.98 0.00 +0.51 —0.10 —0.17 +0.40 i 1
2MASS J20384318—-0023327 -1 4630 —2.91 —0.44 +0.59 +0.54 +0.83 +1.64 ap 1
2MASS J20385893—-0252115 r-I 4280 —2.16 —0.50 +0.22 +0.39 —0.26 +0.59 & 1
2MASS J20411424—4654315 r-IT 4647 —2.30 —0.30 +0.32 +0.02 —0.02 +0.88 b 1
BPS CS 22955—-0174 -1 5520 —3.10 +0.05 +0.59 +0.40 —0.23 +0.34 © 0
2MASS J20435776—4408037 r-IT 4410 —1.93 —0.70 0.00 +0.20 +0.15 +0.78 b 1
2MASS J20453454—1431151 r-1 4582 —2.84 —0.22 +0.51 +0.13 —0.12 +0.31 b 1
BPS CS 22879—-0103 limited-r 5720 —2.16 +40.10 +0.48 +0.86 +0.06 +0.29 © 0
BPS CS 22879—-0097 limited-r 5800 —2.45 +0.25 +0.26 +0.25 —0.40 +0.24 P 0
2MASS J20492765—5124440 -1 4250 —2.47 -—-0.77 —0.02 +0.13 —0.25 +0.58 a 1
2MASS J20504869—3355289 -1 4549 —2.64 —0.34 +0.38 +0.24 —0.06 +0.62 b 1
2MASS J20514971—-6158008 r-I 5285 —1.87 +40.10 +0.11 +0.28 —0.18 +0.43 a 1
BPS CS 22940—-0121 -1 5400 —2.91 +0.01 +0.04 +0.36 +0.21 +0.61 P 0
2MASS J20554594—3155159 -1 4581 —2.67 —0.45 +0.30 +0.02 —0.05 +0.67 b 1
2MASS J20560913—-1331176 limited-r 4780 —2.30 0.00 +0.42 +0.13 —0.56 0.00 a 1
2MASS J20584918—-0354340 -1 4831 —2.36 0.00 +0.40 —0.24 —0.09 +0.36 & 1
2MASS J21003824—-0539171 -1 4872 —2.28 —0.15 +0.50 +0.20 —0.13 +0.38 b 1
BPS CS 22897—-0008 limited-r 4550 —3.83 +40.50 +1.22 +0.56 —1.27 —0.13 € 0
2MASS J21055865—4919336 -1 4633 —2.27 —0.50 +0.13 —0.05 +0.12 +0.67 b 1
2MASS J21063474—4957500 r-I 5238 —2.91 +40.52 +0.53 —0.48 —0.20 +0.54 a 1
2MASS J21064294 6828266 r-IT 5186 —2.76 +40.53 +0.54 +0.90 +0.52 +1.32 a 1
2MASS J21091825—-1310062 r-11 4855 —2.40 —0.28 +0.27 +0.14 +0.12 +1.25 a 1
2MASS J21095804—0945400 r-IT 4492 —2.73 —0.45 +0.30 +0.60 —0.12 +0.77 a 1
BPS CS 22937—-0072 limited-r 5500 —2.72 —0.05 +0.16 +0.30 —0.41 —0.19 © 0
2MASS J21162185—0213420 r-I 4248 —2.58 —0.95 —0.17 —0.41 —0.31 +0.60 g 1
2MASS J21220020—-0820333 -1 4720 —3.42 —0.30 +0.09 —0.19 +0.20 +0.40 i 1
2MASS J21224590—4641030 r-IT 4652 —2.96 —0.18 +0.32 +0.25 +0.01 +0.90 a 1
2MASS J21262525—2144243 -1 4450 —2.81 —0.88 —0.14 +0.37 —0.02 +0.58 a 1
BD—03:5215 r-1 5700 —1.20 . . . +0.46  40.56 28 0
2MASS J21370807—0927347 limited-r 4470 —2.46 —0.50 +0.25 +0.63 —0.61 +0.11 a 1
HE 213440001 -1 5257 —2.22 40.20 +0.21 —0.08 —0.42 +0.47 f 0
BPS CS 22944—-0039 limited-r 5350 —2.43 —0.47 +0.03 +0.46 —0.12 +0.21 P 0
2MASS J21462219—-0512324 r-1I 4723 —1.72 —0.47 +0.09 +0.21 +0.33 +0.45 b 1
G 214—1 -1 5370 —2.29 —0.12 —0.12 +0.46 +0.27 +0.56 © 0
BPS CS 22951—-0059 -1 5120 —2.84 +40.17 +0.18 +0.12 —0.73 +0.33 € 0
RAVE J215118.3—-135937 -1 4830 —2.10 +0.34 +0.69 +0.56 —0.85 +0.37 ° 0
BPS CS 29493—-0062 -1 5520 —2.76 +0.10 +0.10 +0.18 —0.51 +0.31 © 0
BPS CS 22965—0016 limited-r 4770 —3.13 —0.68 —0.16 +0.32 —0.88 —0.24 © 0
HE 215540136 -1 5331 —2.07 0.00 0.00 —0.13 +0.13 +0.68 £ 0
HE 2154—2838 r-I 5303 —1.85 +40.05 +0.05 +0.03 —0.03 +0.45 f 0
HE 2159—-0551 limited-r 4800 —2.81 —0.24 +0.20 +0.16 —1.58 —0.20 i 0
BPS BS 17569—0049 7r-1T 4700 —2.88 —0.22 +0.44 +0.31 +0.20 +0.72 r 0

Table 2 continued
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Table 2 (continued)

Name RPA Class Terr [Fe/H] [C/Fe] [C/Felc [Sr/Fe] [Ba/Fe] [Eu/Fe] Reference RPA
(K)
HE 2206—2245 -1 5100 —2.73 +40.21 +0.22 —0.05  —0.11  +0.62 f 0
BPS CS 22886—0012 r-11 5650 —2.88 —0.16 —0.16 +0.31  40.14  +0.85 e 0
SMSS J221448.33—453949.9 r-11 4522 —2.56 —0.67  +0.05 +0.17  40.57  +0.94 0
2MASS J22161170—5319492 r-1 5112 —2.51 —0.15 +0.31 +0.20  40.31 +0.59 1
2MASS J22163596+0246171 r-1 4900 —2.37 —0.10 0.00 +0.17  —0.27  +0.45 a 1
BPS CS 22892-0052 r-11 / CEMP-r 4800 —3.10 +40.88 +1.26 +0.93  +1.23  +1.64 aq 0
2MASS J22182082—3827554 r-11 5089 —2.57 +40.30 +0.31 +0.08  40.50  +1.10 i 1
2MASS J22190836—2333467 r-11 4743 —2.56 —0.13 +0.39 +0.27  40.24  +0.87 b 1
HE 2216—1548 -1 5154 —1.70 —0.38  —0.10 +0.05  40.29  +0.58 £ 0
2MASS J22220344—8024592 r-1 / CEMP-r 4684 —2.50 +0.20 +0.83 —0.80 —0.30  +0.37 i 1
BPS CS 22886—0043 r-11 6000 —2.16 +0.46 +0.66 +0.74  40.35  +0.81 P 0
BPS CS 22960—0064 -1 5060 —2.77 +0.14 +0.15 +0.25  —0.20  +0.35 0
BPS CS 22956—0114 limited-r 4900 —3.19 —1.05 —0.88 —0.07  —0.65 —0.12 e 0
HE 222440143 r-11 5198 —2.58 +40.35 +0.36 +0.23  40.59  +1.05 f 0
BPS CS 22875-0029 r-11 5990 —2.71 40.96 +1.08 +0.85  40.30  +0.92 e 0
2MASS J22302641—1949527 -1 4657 —2.28 —0.20 +0.48 —0.28 —0.10  +0.40 i 1
BPS CS 294910069 r-11 5300 —2.51 +40.23 +0.24 +0.15  4+0.24  +0.96 y 0
HE 2229-4153 -1 5156 —2.62 +40.53 +0.54 +0.28  —0.19  +0.39 1 0
2MASS J22345447—6605172 r-1 4873 —2.49 —0.30 +0.31 —0.03  —0.20  +0.40 i 1
BPS CS 29491-0053 limited-r 4700 —3.04 —0.28 +0.32 —0.24 —0.89  —0.42 0
2MASS J22373316—4341181 r-1 4707 —2.51 —0.21 +0.06 +0.14  —0.06  +0.40 b 1
2MASS J22394827 0803536 r-1 4540 —2.79 —0.90 —0.36 +0.04  —0.10  +0.60 i 1
HE 2242-1930 r-1 5281 —2.21 40.09 +0.10 —0.04 —0.10  +0.56 £ 0
HE 2244-1503 r-11 5122 —2.88 +40.15 +0.16 —0.20  40.45  +0.95 £ 0
2MASS J22492756—2238289 r-1 4930 —1.82 —0.08 +0.12 +0.39 —0.43  +0.48 a 1
HE 2252—4225 r-1I 4710 —2.63 —0.61 —0.29 —0.13 +0.29 +0.81 ar 0
HE 2252—4157 r-11 5090 —1.93 —0.15 —0.14 —0.20  +0.45  +0.95 £ 0
2MASS J22562536—0719562 r-11 4558 —2.26 —0.50 +0.18 +0.08  4+0.26  +1.10 g 1
2MASS J23022289—6833233 r-1 5063 —2.64 +0.30 +0.31 +0.15  —0.29  +0.61 2 1
HE 2301-—4024 r-11 5743  —2.11 40.30 +0.30 0.00  +0.49  +0.98 £ 0
2MASS J23060975—6107368 r-1 4669 —2.32 —0.36 +0.25 +0.09  —0.14  +0.31 b 1
2MASS J23100319—7702165 r-1 4756 —1.81 —0.10 +0.39 —0.23  —0.10  +0.65 i 1
BPS CS 29513—0003 -1 5480 —2.47 —0.05 +0.06 +0.24  —0.08  +0.49 N 0
BPS CS 22888-0047 r-11 5950 —2.54 +0.90 +1.00 +0.60  +0.04  +0.86 e 0
BPS CS 22945—0017 11 / CEMP-r 6080 —2.89 +1.78 +1.78 +0.39  40.49  +1.13 e 0
2MASS J23242766—2728055 r-1 4743  —2.40 40.07  +0.49 +0.27  40.32  +0.55 b 1
2MASS J23251897—0815539 -1 4995 —2.30 —0.70 —0.24 —0.42  —0.33  +0.55 g 1
2MASS J23265258 —0159248 r-1 4360 —3.13 —0.63 +0.12 +0.07  40.31 +0.69 a 1
2MASS J23285061—0432368 -1 4792  —1.99 +40.05 +0.41 —0.10 0.00  +0.53 b 1
HD 221170 r-11 4510 —2.18 —0.71 +0.04 +0.02  40.26  +0.80 as 0
HE 23275642 r-1I 5050 —2.78 +0.13 +0.14 —0.15 +0.31 +0.98 ar 0
BPS CS 22941-0017 r-1 5070 —3.11 +40.14 +0.15 —0.05 —0.49  +0.36 e 0
2MASS J23342332—2748003 r-11 4617 —2.46 —0.24 +0.48 +0.39 —0.06  +0.71 1
BPS CS 30315-0029 r-1 / CEMP-r 4570 —3.40 +0.06 +0.81 —0.32  40.17  +0.68 1 0
2MASS J23362202—5607498 r-11 4630 —2.06 —0.05 +0.47 +1.00  4+0.24  +1.14 a 1
BPS CS 22952-0015 r-1 4850 —3.26 —0.87 —1.45  +0.39 at 0
BPS CS 294990003 r-1 6080 —2.51 +40.10 +0.10 +0.17  —0.33  +0.63 e 0
2MASS J23411581—6406440 r-1 4824 —2.78 —0.45 +0.27 —0.16  —0.10  +0.35 i 1
2MASS J23425814—4327352 r-1 4867 —2.17 —0.24  —0.18 +0.19  —0.01 +0.36 b 1
HD 222925 11 5636 —1.47 —0.20 —0.18 +0.58  +0.55 +1.33 au 0
2MASS J23475942—5701184 r-1 4668 —2.24 —0.55 +0.20 —0.08  —0.07  +0.45 b 1
BPS CS 22966—0057 -1 5300 —2.62 +40.06 +0.07 —0.10 —0.24  +0.41 r 0
2MASS J23490902—2447176 r-1 5248 —2.20 +0.17  +0.18 —0.03  —0.16  +0.65 b 1
HE 2347-1334 limited-r 4453 —2.55 —0.50 +0.25 —0.22  —0.79  —0.26 f 0
BPS CS 294990058 r-1 6060 —2.81 +40.39 +0.39 +0.07  —0.50  +0.44 e 0
BPS CS 22945—0058 r-11 5990 —2.98 +40.68 +0.68 +0.35  40.29  +1.14 N 0
BPS CS 22945-0056 r-1 6000 —2.82 +1.60 +1.75 —0.09 —0.40  +0.68 e 0
BPS CS 29517—0025 r-I / CEMP-r 5300 —2.57 +0.14 +0.73 —0.21 +0.55 av 0
SDSS J235718.91—005247.8 r-11 5000 —3.36 40.43 +0.43 +0.78  4+1.12  +1.92 aw 0
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Table 2 (continued)

Name RPA Class Terr [Fe/H] [C/Fe] [C/Fe]c [Sr/Fe] [Ba/Fe] [Eu/Fe] Reference RPA

(K)

Nore—Sources for chemical-abundance information:

NoTE—2 Hansen et al. (2018), P Holmbeck et al. (2020), € Jacobson et al. (2015), 4 Fulbright (2000), © Roederer et al. (2014), f Barklem et al. (2005),
8 Sakari et al. (2018), B Allen et al. (2012), ! Ezzeddine et al. (2020), J Hansen et al. (2015), K Christlieb et al. (2004), ! Siqueira Mello et al. (2014),
™M Hansen et al. (2012), ™ Lai et al. (2008), © Rasmussen et al. (2020), P Preston et al. (2006), 9 Hollek et al. (2011), ¥ Cayrel et al. (2004), ® Cain et al.
(2018), t Holmbeck et al. (2018), * Mardini et al. (2019), ¥V Li et al. (2015), W Xing et al. (2019), * Valentini et al. (2019), ¥ Hayek, W. et al. (2009),
Z Jshigaki et al. (2013), 3 Johnson & Bolte (2002), 2P Cohen et al. (2013), 3¢ Westin et al. (2000), 2d Roederer et al. (2010), ® Aoki et al. (2005),
af Hawkins & Wyse (2018), 28 Burris et al. (2000), 1 Honda et al. (2004), 2 Cain et al. (2020), @ Cowan et al. (2002), 2k Howes et al. (2015),
al Johnson et al. (2013), @™ Placco et al. (2020), ® Howes et al. (2016), 2° McWilliam et al. (1995), P Placco et al. (2017), ®d Sneden et al. (2003),
ar Nashonkina et al. (2014), 25 Ivans et al. (2006), ®% Ryan et al. (1996), @ Roederer et al. (2018b), &’ Masseron et al. (2012), % Aoki et al. (2010)

NoTE—The code in the column RPA indicates if the reported information is drawn from papers from the RPA (1) or other sources (0).

Table 3. Derived Dynamical Parameters for the RPE Sample

Name Energy Ecc Jr J¢ Jz Tperi Tapo Zmax
x10% x103 x103 x103

(km?2 s—2) (kpc km s™1)  (kpc km s™1) (kpc km s™1) (kpc) (kpc)  (kpc)

2MASS J00002259—1302275* —1.50 0.79 0.74 +0.57 0.34 1.68 14.46 9.65
2MASS J00002416—1107454% —1.39 0.73 0.85 —0.87 0.46 2.85 18.29  12.07
HD 224930 —1.68 0.25 0.07 +1.41 0.01 4.86 8.13 0.42
2MASS J00021668—2453494% —1.42 0.40 0.25 +0.92 1.07 6.18 14.51  12.61
BPS CS 229570036 —1.72 0.84 0.58 —0.32 0.10 0.82 9.44 4.26
HD 20 —1.57 0.98 1.15 +0.06 0.01 0.15 13.44 5.68
2MASS J00073817—0345509% —1.71 0.86 0.75 +0.04 0.10 0.73 10.08 3.45
2MASS J00093394— 1857008 —1.74 0.64 0.37 —0.74 0.04 1.96 8.96 1.37
2MASS J00101758— 1735387 —1.54 0.04 0.00 +0.68 1.14 7.97 8.64 7.95
2MASS J00154806— 6253207 —1.69 0.85 0.52 —0.16 0.40 0.79 9.53 8.25
2MASS J00172430—3333151 —1.58 0.43 0.23 +1.31 0.12 4.28 10.83 3.32
2MASS J00182832—3900338 —1.19 0.53 0.74 +0.80 1.93 7.74 25.26  24.08
BPS CS 22882—0001 —1.32 0.45 0.39 —1.21 1.13 6.99 18.52  15.55
2MASS J00223225—4839449 —1.31 0.63 0.79 —1.53 0.34 4.69 20.70  10.91
BPS CS 29497 —0004* —1.45 0.56 0.49 +1.29 0.25 4.15 14.90 6.90
2MASS J00400685—4325183 —1.59 0.57 0.31 —0.69 0.50 3.07 10.99 8.20
2MASS J00405260—5122491 —1.82 0.93 0.59 +0.14 0.03 0.31 8.32 4.01
2MASS J00413026—4058547 —1.20 0.50 0.63 +0.71 2.06 8.09 24.11 23.24
2MASS J00442897—1017497 —1.70 0.79 0.47 —0.30 0.31 1.10 9.33 6.78
2MASS J00452379—-2112161 —1.68 0.48 0.21 +0.94 0.17 3.19 9.02 3.78
2MASS J00452879— 5846450 —1.24 0.96 1.78 +0.20 0.36 0.53 25.43  20.46
2MASS J00453930—7457294 —1.34 0.51 0.48 +0.17 1.88 5.83 18.08  17.99
HE 0045—2430 —1.25 0.86 1.68 —0.73 0.17 1.86 24.65 13.72
2MASS J00482431—1041309 —1.59 0.93 0.93 +0.23 0.08 0.49 12.79 5.14
2MASS J00512646—1053170 —1.60 0.63 0.41 +0.80 0.22 2.54 11.22 5.41
2MASS J00524174—0902235 —1.29 0.76 1.16 +0.95 0.41 2.96 22.19  14.75
2MASS J00532781—0253169% —1.56 0.19 0.05 —1.46 0.27 6.55 9.45 4.59
2MASS J00541965—0611555* —1.63 0.75 0.48 —0.12 0.68 1.54 10.58  10.09
HE 0057 —4541% —1.21 0.71 1.24 —1.29 0.65 4.47 26.51 18.70
BPS CS 22953—0003 —1.41 0.79 0.91 —0.72 0.39 2.04 17.78  11.08
BPS CS 22183—0031 —1.63 0.93 0.91 —0.11 0.08 0.46 11.88 4.64
2MASS J01165010— 6307441 —1.74 0.91 0.70 —0.22 0.03 0.47 9.70 4.27
2MASS J01202234— 5425582 —1.62 0.66 0.50 +0.89 0.04 2.27 11.26 1.83
2MASS J01213447—2528002 —1.56 0.33 0.13 —1.33 0.30 5.42 10.58 5.45
2MASS J01293113—1600454 —1.49 0.26 0.09 —0.91 1.01 6.81 11.52 9.97
2MASS J01311599—4016510 —1.63 0.87 0.62 —0.15 0.42 0.75 10.83 9.48
2MASS J01321981—3040512 —1.71 0.58 0.28 +0.59 0.31 2.35 8.86 5.87
2MASS J01371888— 1729037 —1.46 0.82 0.83 —0.20 0.69 1.59 15.67  14.70
2MASS J01373857 2618131 —1.66 0.55 0.28 +0.83 0.24 2.86 9.73 4.91
2MASS J01425422—5032488 —1.68 0.39 0.17 —1.27 0.01 3.94 8.98 0.82
2MASS J01425445—0904162 —1.69 0.58 0.34 +0.93 0.04 2.57 9.62 1.59
2MASS J01493760—4551222 —1.56 0.98 1.07 —0.04 0.10 0.14 13.24 6.16
2MASS J01530024—3417360 —1.65 0.97 0.95 —0.08 0.01 0.18 11.40 5.08
2MASS J01553180—4919420 —1.21 0.70 1.23 +1.76 0.15 4.56 25.98 8.78

Table 3 continued
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Table 3 (continued)

Name Energy Ecc Jr J¢ Jz Tperi Tapo Zmax
x10° x103 x103 x103

(km?2 s—2) (kpc km s™1)  (kpc km s™1) (kpc km s™1) (kpc) (kpc)  (kpc)

2MASS J01555066— 6400155 —1.64 0.22 0.05 —1.29 0.20 5.39 8.38 3.57
2MASS J01565634—1402108* —1.49 0.95 1.14 +0.11 0.16 0.40 15.28 6.71
BPS CS 22958—0037 —1.01 0.74 2.06 +1.85 0.77 5.97  40.91  27.99
2MASS J02031860—7930291* —1.56 0.27 0.08 +1.32 0.36 5.82 10.11 5.71
2MASS J02070641—5009166 —1.46 0.58 0.49 +1.27 0.23 3.92 14.69 6.22
BPS CS 22958—0052 —1.67 0.66 0.46 +0.83 0.03 2.11 10.38 1.35
2MASS J02165716— 7547064 —1.34 0.48 0.44 +1.93 0.28 6.39 18.01 7.91
2MASS J02230804—3129531 —1.64 0.62 0.39 +0.80 0.18 2.47 10.52  4.59
2MASS J02265832—0749596 —1.69 0.44 0.18 +1.03 0.12 3.42 8.77  2.91
2MASS J02274104—0519230% —1.21 0.64 0.98 +0.44 1.78 5.67  25.45 24.84
2MASS J02355867—6745520 —1.77 0.73 0.38 +0.50 0.12 1.34 8.49 3.40
2MASS J02413897—0427349 —1.38 0.68 0.83 —1.39 0.08 3.52 18.29 3.86
2MASS J02462013—1518419% —1.12 0.76 1.71 —1.85 0.14 4.42 32.09 9.50
SMSS J024858.41—684306.4 —0.68 0.87 5.82 +2.85 0.34 6.32 92.45  40.60
2MASS J02500719—5145148 —1.27 0.32 0.23 +0.62 2.23 9.67 18.89  18.41
2MASS J02515281—3717316 —1.72 0.70 0.45 +0.57 0.09 1.65 9.45 2.91
2MASS J02570028—3024374 —1.79 0.80 0.51 +0.39 0.02 0.93 8.50 1.16
BPS CS 31078—0018 —1.65 0.55 0.34 +1.09 0.03 3.01 10.29 1.35
HE 0300—0751% —0.55 0.74 9.25 —6.02 1.48 18.03  193.43 117.46
2MASS J03071478—0534554* —1.59 0.88 0.74 +0.23 0.33 0.77 12.10 9.31
2MASS J03073894—0502491 —1.28 0.60 0.73 +1.37 0.71 5.37  21.41 15.28
2MASS J03084611—4747083%* —1.22 0.87 1.59 —0.57 0.64 1.92 26.24  21.17
2MASS J03133726—1020553 —1.49 0.81 0.94 —0.65 0.07 1.55 15.15 3.82
2MASS J03154102— 7626329 —1.38 0.61 0.61 +0.61 1.03 4.17 17.37  15.84
BPS CS 22968—0026 —1.59 0.98 0.99 —0.04 0.11 0.14 12.89 5.58
2MASS J03210882—3944213 —1.60 0.49 0.28 —1.14 0.14 3.66 10.72 3.80
2MASS J0327022940132322 —1.27 0.37 0.32 +1.28 1.50 8.98 19.75  17.39
BPS CS 29526—0110 —1.59 0.38 0.14 —0.89 0.55 4.52 9.99 7.39
HE 0328—1047 —1.45 0.54 0.46 —1.46 0.15 4.44 14.82 5.21
HE 0337—5127% —1.57 0.45 0.22 +0.96 0.48 4.18 11.04 7.44
2MASS J03422816—6500355 —1.78 0.64 0.36 +0.69 0.02 1.82 8.36 0.84
SMSS J034249.53 —284216.0% —1.39 0.60 0.58 +1.29 0.39 4.27 17.05  10.27
HE 0341—4024 —1.74 0.94 0.76 —0.14 0.01 0.30 9.77  4.51
2MASS J03434624—0924169 —1.37 0.88 1.36 +0.58 0.08 1.25 19.39 5.40
BPS CS 29529—0054 —1.76 0.83 0.57 +0.32 0.05 0.85 9.03 3.59
2MASS J04012191—2635058 —1.67 0.95 0.78 —0.13 0.11 0.29 10.99  4.90
RAVE J040618.2—030525 —1.27 0.98 1.85 —0.07 0.11 0.22 24.35  11.99
2MASS J04121388—1205050* —1.58 0.69 0.51 +0.68 0.28 2.20 11.90 6.85
BPS CS 22186—0005 —1.53 0.88 0.81 +0.14 0.51 0.84 13.56  12.13
BPS CS 22186—0002 —1.53 0.74 0.70 —0.85 0.06 2.07 13.60 3.01
2MASS J04182158—2323391 —1.69 0.94 0.83 +0.14 0.03 0.31 10.69  4.76
2MASS J04192966—0517491 —1.61 0.89 0.82 —0.30 0.10 0.71 11.99 5.02
BPS CS 22182—0033 —1.61 0.70 0.53 —0.78 0.10 2.07 11.55 3.59
HE 0420+40123a —1.68 0.68 0.40 +0.52 0.27 1.83 9.64 5.94
BPS CS 22186—0025* —1.16 0.74 1.45 +1.62 0.33 4.26 20.08  14.96
2MASS J04245677—6500173 —1.68 0.70 0.44 +0.62 0.16 1.78 9.97  4.21
2MASS J04263084—4058516 —1.64 0.66 0.43 +0.76 0.14 2.19 10.53  4.00
HE 0430—4901 —1.67 0.68 0.44 +0.71 0.11 1.96 10.15 3.49
2MASS J04315411—0632100 —1.62 0.26 0.07 —1.18 0.31 5.23 8.93  4.90
HE 0432—0923% —1.37 0.51 0.45 +1.63 0.35 5.58 17.01 8.65
HE 0442—1234% —1.32 0.19 0.07 —2.69 0.20 10.80 15.75 5.31
BPS CS 22191—0029 —1.31 0.16 0.05 +0.88 2.00 11.31 15.51  14.73
2MASS J04520910—6209121 —1.71 0.71 0.38 —0.34 0.40 1.51 9.02 7.21
2MASS J04530168—2437144 —0.74 0.72 3.88 —3.86 1.09 11.74 80.74  50.03
2MASS J04565146—3115427 —1.71 0.91 0.67 —0.17 0.13 0.44 9.74  4.91
2MASS J05030025—7601462 —1.60 0.66 0.39 —0.11 0.96 2.34 11.08  10.90
SMSS J051008.62—372019.8 —1.59 0.30 0.09 —0.84 0.68 5.14 9.54 7.63
HE 0512—3835* —1.36 0.87 1.24 —0.49 0.36 1.45 19.86  13.44
HE 0516—3820 —1.66 0.54 0.31 +1.03 0.06 2.96 9.89 2.18
2MASS J05241392—0336543* —1.23 0.39 0.36 +2.53 0.46 9.36 21.42  10.94
HE 0524—2055% —1.35 0.65 0.79 +1.44 0.17 4.02 18.89 6.85
2MASS J05311779—5810048 —1.69 0.70 0.46 +0.69 0.06 1.80 10.02 2.35
HE 0534—4615 —1.52 0.84 0.97 +0.52 0.04 1.25 14.44 3.91
2MASS J05381700—7516207 —1.69 0.43 0.19 F1.11 0.06 3.48 8.77 1.95
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Table 3 (continued)

Name Energy Ecc Jr J¢ Jz Tperi Tapo Zmax
x10° x103 x103 x103

(km? s~2) (kpc km s™1)  (kpe km sT1)  (kpe km s™1) (kpe) (kpe)  (kpc)

2MASS J05383296—5904280 —1.68 0.47 0.20 +0.86 0.26 3.23 9.04 4.81
HE 0538—-4515 —1.63 0.24 0.07 +1.49 0.05 5.33 8.77 1.73
2MASS J05521578—-3953184 —1.68 0.62 0.40 +0.88 0.03 2.32 10.00 1.44
2MASS J05564771—6639054 —1.65 0.91 0.86 —+0.27 0.01 0.55 11.49 4.30
2MASS J06090353—7122260 —1.69 0.58 0.26 —0.35 0.60 2.32 8.82 7.86
2MASS J06195001—5312114 —1.61 0.26 0.07 —+1.27 0.27 5.35 9.21 4.56
SMSS J062609.83—590503.2 —1.17 0.54 0.77 +2.76 0.15 7.97  26.40 7.50
2MASS J06290787—6709523 —1.60 0.27 0.08 +1.26 0.30 5.37 9.42 4.96
2MASS J06320130—2026538 —1.65 0.37 0.14 +1.28 0.07 4.20 9.16 1.98
2MASS J06332771—3519240 —1.53 0.78 0.83 —0.78 0.00 1.73 14.09 0.46
SMSS J063447.15—622355.0% —0.54 0.89 8.58 +3.75 0.30 7.94 137.86  50.36
2MASS J06392518—-7414056 —1.78 0.54 0.25 +0.84 0.02 2.38 7.94 0.90
2MASS J06401317—3540444 —1.73 0.90 0.61 +0.13 0.19 0.51 9.22 6.20
2MASS J07052028 —3343242 —1.34 0.99 1.85 —0.04 0.01 0.13 21.21 7.17
2MASS J07150266—0154092 —1.42 0.12 0.02 +2.46 0.00 9.51 12.00 0.36
2MASS J07161594—5135248 —1.77 0.80 0.47 —0.41 0.08 1.00 8.82 3.49
2MASS J07202253—3358518 —0.84 0.78 3.24 —0.05 3.25 7.27  60.38  60.36
2MASS J07250021—7022038 —1.68 0.73 0.52 —0.63 0.06 1.60 10.32 1.82
2MASS J07352232—4425010 —1.60 0.98 1.04 —0.06 0.03 0.13 12.58 5.48
2MASS J07393021—5548171 —1.69 0.84 0.60 —0.35 0.13 0.89 10.04 4.57
BD—-01:1792 —1.69 0.96 0.81 +0.10 0.04 0.22 10.56 4.86
2MASS J07411443—4339360 —1.22 0.69 1.07 —1.68 0.33 4.66 25.06  13.40
RAVE J074824.3—483141 —1.49 0.97 1.18 —0.09 0.12 0.23 15.20 6.59
2MASS J07501424—4123454 —1.37 0.91 1.49 —0.46 0.01 0.90 19.69 1.38
2MASS J08015897—5752032 —1.35 0.77 1.07 +1.14 0.07 2.61 19.84 3.81
2MASS J08032084—5856521 —1.74 0.45 0.19 +1.03 0.03 3.14 8.23 1.16
2MASS J08134364—2332528 —1.66 0.47 0.21 +0.98 0.20 3.39 9.48 4.22
2MASS J08155667—2204105 —1.64 0.70 0.37 —0.18 0.76 1.79 10.35 9.86
2MASS J08393460—2122069 —1.63 0.90 0.77 —0.24 0.13 0.57 11.35 5.30
2MASS J08580584—0809174 —1.48 0.36 0.20 +1.74 0.15 6.01 12.78 4.23
2MASS J08594093—1415151 —1.49 0.90 1.01 —0.32 0.19 0.80 15.07 7.16
2MASS J09185890—2311511 —0.97 0.83 2.83 +1.86 0.13 4.08 45.66 18.36
2MASS J09255655—3450373 —1.65 0.83 0.72 —0.43 0.04 1.01 11.12 4.06
2MASS J09261133—1526232 —1.35 0.92 1.60 —0.42 0.01 0.81 20.56 0.87
2MASS J09284944—0738585 —1.63 0.42 0.20 +1.33 0.02 4.04 9.85 1.05
2MASS J09364069 —2038386 —1.61 0.57 0.38 —1.12 0.03 3.04 11.00 1.46
2MASS J09463483—0626532* —1.50 0.91 0.90 +0.14 0.47 0.71 14.44 12.75
2MASS J09544277+5246414 —1.29 0.41 0.36 —2.09 0.53 8.06 19.45 11.26
2MASS J09574607 —3923072 —1.69 0.51 0.25 +1.01 0.05 2.98 9.16 1.83
2MASS J09580181—1446137 —1.43 0.54 0.41 —0.02 1.65 4.57 15.23 15.21
2MASS J10025125—4331098 —1.73 0.90 0.61 —0.14 0.18 0.51 9.16 5.66
2MASS J10044858—2706500%* —1.68 0.75 0.46 —0.11 0.61 1.33 9.46 9.19
2MASS J10063414—7030212 —1.71 0.45 0.18 +0.91 0.18 3.21 8.50 3.74
2MASS J10082492—2314124 —1.63 0.46 0.24 —+1.27 0.02 3.72 10.09 1.16
BPS BS 15621—0047 —1.55 0.24 0.07 +1.76 0.04 6.26 10.14 1.65
2MASS J10121964—3221347 —1.47 0.93 1.30 —0.19 0.04 0.55 16.07 5.47
2MASS J10191573—1924464 —1.66 0.34 0.13 +1.34 0.04 4.41 9.00 1.48
2MASS J10194932—4900584 —1.42 0.99 1.59 +0.01 0.00 0.11 18.01 6.71
2MASS J10223779—3400209 —1.79 0.80 0.50 —0.40 0.02 0.94 8.57  0.94
2MASS J10302845—7543299 —1.78 0.90 0.62 —0.22 0.03 0.48 8.88 3.97
2MASS J10345348—1117221 —1.71 0.83 0.62 +0.39 0.05 0.93 9.94 3.89
2MASS J10362687—3746174 —1.74 0.79 0.55 +0.47 0.02 1.11 9.32 1.36
2MASS J10401894—4106124 —1.36 0.32 0.19 +1.71 0.69 8.00 15.68  10.65
HE 1044—2509* —1.48 0.18 0.04 —1.64 0.41 7.74 11.07 6.25
2MASS J10492192—1154173 —1.80 0.94 0.66 +0.11 0.02 0.26 8.70 4.23
2MASS J10513692—2115466 —1.72 0.62 0.35 +0.74 0.08 2.11 9.09 2.81
SMSS J105320.99—435300.1 —0.08 0.99 84.85 +3.92 0.02 7.28 2056.99 156.47
J10544-0528% —1.62 0.48 0.26 +1.13 0.13 3.60 10.30 3.33
2MASS J10550658+41931580* —1.49 0.57 0.40 +0.99 0.48 3.75 13.68 9.23
2MASS J10594136—2052253 —1.71 0.83 0.55 +0.30 0.20 0.91 9.50 5.76
2MASS J11014865—3749526 —1.62 0.74 0.61 —0.71 0.04 1.72 11.51 1.71
LAMOST J110901+4075441* —1.24 0.94 2.05 +0.04 0.20 0.80 25.57 14.32
2MASS J11165400—7250160 —1.77 0.79 0.39 +0.17 0.38 0.95 7.91 6.93
LAMOST J112456.614453531.%* —1.39 0.40 0.26 —0.54 1.58 6.70 15.44 14.83
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Table 3 (continued)

Name Energy Ecc Jr J¢ Jz Tperi Tapo Zmax
x10° x103 x103 x103

(km?2 s—2) (kpc km s™1)  (kpc km s™1) (kpc km s™1) (kpc) (kpc)  (kpc)

2MASS J11301705— 1449325 —1.58 0.30 0.10 +1.27 0.31 5.31 9.96 5.32
2MASS J1130369340224037* —1.65 0.94 0.80 +0.12 0.14 0.37 11.49  4.81
2MASS J11370170—5401298 —1.71 0.57 0.30 +0.86 0.07 2.49 9.08 2.37
2MASS J11404726—0833030 —1.83 0.93 0.61 +0.14 0.02 0.31 8.23 3.97
2MASS J11404944—1615396* —1.65 0.97 0.89 —0.04 0.09 0.15 11.35 5.44
BD+426:2251 —1.23 0.94 1.83 +0.35 0.21 0.84 26.25 18.56
2MASS J11444086—0409511 —0.94 0.69 2.27 —3.20 0.29 8.37  49.04  19.41
2MASS J11444480—1128167 —1.59 0.93 1.01 —0.23 0.00 0.47 12.76  4.62
2MASS J11463882—0422395* —1.70 0.95 0.65 +0.08 0.23 0.26 9.92 5.86
2MASS J1147102740341265% —1.04 0.71 1.90 —2.21 0.44 6.17  39.09 21.10
2MASS J11472988—0521444 —1.22 0.91 2.01 +0.65 0.06 1.30 27.09 5.90
2MASS J11510227—6940416 —1.89 0.96 0.58 —0.07 0.01 0.17 7.38 3.82
HD 103095 —1.38 0.86 1.35 +0.71 0.00 1.41 19.39 0.17
2MASS J11543613—0133450% —1.08 0.96 2.63 +0.18 0.68 0.68 37.26  34.16
RAVE J115941.7—382043 —1.66 0.21 0.05 +1.49 0.01 5.36 8.12 0.47
2MASS J12044314—2911051 —1.56 0.68 0.53 +0.78 0.24 2.42 12.57  6.21
2MASS J12045624—0759232%* —1.12 0.79 1.81 —1.14 0.65 3.68 32.23  23.37
2MASS J12070990—3653243 —1.71 0.53 0.21 —0.13 0.85 2.56 8.16 8.04
2MASS J12091322—1415313%* —1.62 0.68 0.42 —0.40 0.55 2.06 10.80 9.16
2MASS J12102259—4902190 —1.50 0.96 1.16 +0.13 0.11 0.28 15.28 5.99
HD 106373 —1.40 0.89 1.32 +0.53 0.03 1.10 18.57  3.08
HD 107752 —1.57 0.49 0.29 —1.16 0.22 3.93 11.46 5.10
2MASS J12233047—4216365* —1.55 0.70 0.61 +0.91 0.08 2.29 12.96 2.42
2MASS J12255123—2351074% —1.55 0.23 0.06 +1.22 0.51 6.22 9.93 6.59
HD 108317 —1.67 0.46 0.24 +1.21 0.00 3.51 9.60 0.26
HD 108577 —1.50 0.60 0.40 —0.34 1.04 3.42 13.49  12.88
2MASS J12292696— 0442325 —1.45 0.81 0.87 —0.49 0.47 1.76 16.34  12.16
HE 1226—1149% —1.15 0.48 0.65 +1.89 1.28 9.32 26.57  21.10
2MASS J12341308—3149577 —1.63 0.54 0.27 —0.72 0.42 3.03 10.10 7.16
2MASS J1235173440945333% —1.45 0.34 0.17 +1.07 0.89 6.44 13.18  10.79
RAVE J123550.1—313111 —1.67 0.70 0.47 +0.65 0.11 1.75 10.10 3.55
2MASS J12405721—4051430 —1.73 0.95 0.80 +0.11 0.01 0.24 9.90  4.64
2MASS J12503987—0307485 —1.26 0.47 0.50 —2.03 0.58 7.69 21.19  12.89
2MASS J12535742—3801355 —0.91 0.75 2.71 —1.58 1.57 7.20 52.69  45.23
2MASS J12563137—0834098 —1.75 0.76 0.40 —0.32 0.28 1.17 8.53 5.86
2MASS J12571667—4335318 —1.78 0.54 0.24 +0.81 0.04 2.36 7.93 1.37
HE 1256—0228% —1.69 0.48 0.20 +0.81 0.27 3.07 8.78  4.86
2MASS J12591462—7049592 —1.86 0.89 0.56 +0.13 0.03 0.45 7.59 3.38
BPS BS 16929—0005 —1.68 0.55 0.28 +0.85 0.17 2.76 9.38 3.93
2MASS J13052137—1137220% —1.55 0.64 0.41 —0.39 0.79 2.77 12.20  11.17
RAVE J130524.5—393126 —1.85 0.62 0.27 —0.58 0.05 1.69 7.18 1.56
2MASS J13101305—3342369 —1.79 0.41 0.14 +0.96 0.04 3.10 7.33 1.20
BPS CS 22877—0015 —1.83 0.79 0.46 +0.39 0.02 0.93 7.91 1.12
HD 115444 —1.67 0.78 0.62 +0.56 0.03 1.30 10.68 1.18
2MASS J13164824—2743351 —1.42 0.94 1.46 —0.18 0.03 0.55 17.84 5.71
BPS BS 16033—0081 —1.61 0.35 0.12 —0.79 0.62 4.60 9.36 7.42
2MASS J13214178—4320055 —1.86 0.97 0.52 +0.03 0.10 0.11 7.68  4.01
2MASS J13254554— 1747547 —1.35 0.72 0.87 —0.77 0.71 3.22 19.64  15.76
2MASS J13261792—0945176 —1.76 0.64 0.29 —0.54 0.22 1.81 8.09  4.36
2MASS J13315746— 1929446 —1.73 0.40 0.16 +1.14 0.01 3.50 8.27  0.53
2MASS J13330890—4654079* —1.76 0.18 0.03 +1.07 0.12 4.50 6.45 2.28
HD 118055 —1.64 0.44 0.20 +1.01 0.24 3.71 9.60  4.71
SMSS J133532.32—210632.9% —1.80 0.60 0.23 —0.53 0.22 1.87 7.46  4.06
2MASS J13374885— 0826176 —1.72 0.48 0.17 +0.65 0.38 2.90 8.26 5.64
2MASS J13425404—0717005 —1.14 0.57 0.94 +1.13 1.71 7.69 28.54  26.02
HD 119516 —1.32 0.48 0.44 +1.17 1.07 6.58 18.55  15.51
BPS BS 16089—0013 —1.47 0.74 0.71 —0.53 0.54 2.22 14.98  12.10
2MASS J13494713—7423395 —1.84 0.84 0.36 +0.13 0.29 0.61 6.86 5.62
2MASS J13511539—7340363 —1.38 0.90 1.43 —0.53 0.00 1.03 19.22 0.84
2MASS J13524835+1254216% —1.53 0.93 0.92 +0.11 0.33 0.48 13.87  10.84
2MASS J1400491944551581 —0.84 0.97 5.09 +0.43 0.19 0.95 63.79  45.86
2MASS J14032900— 5250429 —1.84 0.80 0.48 +0.37 0.00 0.86 7.91 0.19
2MASS J1404376240011117%* —1.63 0.83 0.57 +0.27 0.37 1.03 10.89 8.47
HD 122956 —1.78 0.84 0.43 +0.17 0.29 0.71 7.98 6.27
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Table 3 (continued)

Name Energy Ecc Jr J¢ Jz Tperi Tapo Zmax
x10° x103 x103 x103

(km?2 s—2) (kpc km s™1)  (kpc km s™1) (kpc km s™1) (kpc) (kpc)  (kpc)

2MASS J14101587—0343553 —1.72 0.65 0.40 +0.77 0.03 2.01 9.39 1.20
2MASS J14155955—3219255 —1.48 0.49 0.32 +1.05 0.57 4.62 13.41 9.64
2MASS J14180866—2842077 —1.75 0.86 0.62 —0.17 0.11 0.71 9.36 3.59
2MASS J14191395—0844410 —1.66 0.44 0.20 +1.16 0.07 3.65 9.41 2.32
BD+401:2916 —1.80 0.77 0.46 —0.36 0.08 1.08 8.28 3.11
2MASS J14232679—2834200 —1.77 0.26 0.05 —0.98 0.14 3.94 6.67  2.58
2MASS J14234371—4025526* —1.18 0.79 1.66 +1.32 0.18 3.26 28.44  12.96
BD408:2856 —1.55 0.63 0.51 +1.11 0.06 2.92 12.73 1.99
BPS CS 22883—0037* —1.16 0.82 1.78 +0.54 0.93 2.98 30.02  27.38
2MASS J14301385—2317388 —1.21 0.68 1.11 —1.44 0.60 4.89 25.86  17.26
BD+18:2890 —1.61 0.81 0.77 —0.48 0.06 1.28 12.12 3.61
HE 1429—0347 —1.48 0.55 0.38 +1.12 0.42 4.05 13.93 8.54
2MASS J14325334—4125494 —1.12 0.89 2.22 +0.87 0.24 1.93 33.30  18.72
HE 1430+0053* —1.63 0.54 0.29 —0.85 0.29 3.11 10.19 5.69
2MASS J14354680— 1124122 —1.67 0.13 0.02 +1.51 0.01 5.80 7.60 0.60
BPS BS 16083—0172 —1.68 0.74 0.51 +0.59 0.10 1.55 10.33 3.35
2MASS J1454379240830379*% —1.87 0.82 0.36 +0.24 0.17 0.70 7.05 3.51
2MASS J14590234—0916105* —1.35 0.85 1.12 —0.39 0.70 1.65 20.22  17.34
2MASS J14592981—3852558* —1.79 0.12 0.01 —1.00 0.15 4.61 5.83 2.38
2MASS J15002498—0613374 —1.49 0.43 0.28 +1.73 0.04 5.21 13.08 2.44
2MASS J15042611—2231523 —1.63 0.53 0.29 +0.88 0.27 3.17 10.30 5.49
2MASS J15062866—1428038 —1.72 0.32 0.10 +1.25 0.02 4.15 7.97  0.81
BD+30:2611 —1.29 0.43 0.40 +1.32 1.17 7.62 19.33  16.16
2MASS J15075699— 0659593 —1.60 0.68 0.38 —0.08 0.96 2.12 11.24  11.12
2MASS J15083385— 1459166 —1.77 0.78 0.38 +0.31 0.26 1.01 8.15 5.03
HD 134440 —0.96 0.82 2.75 —2.19 0.04 4.62  46.07  7.36
2MASS J1511167240025252% —1.63 0.33 0.10 —0.85 0.55 4.60 9.06 6.81
HD 135148 —1.50 0.95 1.21 +0.04 0.12 0.36 15.34 5.74
2MASS J15133549— 1244339 —1.83 0.36 0.09 —0.84 0.10 3.06 6.45 2.19
BPS CS 30306—0132 —1.69 0.49 0.23 +0.93 0.15 3.07 9.05 3.47
2MASS J15155734— 1054220 —1.65 0.73 0.57 +0.71 0.03 1.71 10.91 1.35
RAVE J151558.3—203821 —1.84 0.31 0.07 —0.89 0.08 3.30 6.22 1.90
2MASS J15204531— 1742486 —1.82 0.71 0.30 +0.29 0.29 1.20 7.11 5.26
2MASS J15211026—0607566 —1.64 0.48 0.23 —0.87 0.31 3.39 9.74 5.62
2MASS J15213995—3538094 —0.99 0.75 2.19 +2.13 0.53 5.99 42,50 24.38
2MASS J15260106—0911388 —1.13 0.70 1.48 —1.85 0.45 5.42 31.71  17.83
2MASS J15271353—2336177 —1.78 0.61 0.32 +0.73 0.03 1.98 8.31 1.03
2MASS J15293404—3906241 —1.86 0.24 0.04 —0.90 0.07 3.52 5.71 1.57
2MASS J15383085— 1804242 —1.81 0.64 0.28 —0.52 0.15 1.63 7.48 3.54
SMSS J155430.57—263904.8% —1.24 0.82 1.42 +0.78 0.52 2.41 24.99  17.92
2MASS J15582962— 1224344 —1.73 0.17 0.02 F1.11 0.16 4.82 6.80 2.78
2MASS J16024498—1521016 —1.63 0.35 0.14 +1.42 0.03 4.59 9.48 1.26
BD+442:2667 —1.77 0.96 0.74 —0.08 0.00 0.18 9.09 4.5
SMSS J160447.75—293146.7% —1.82 0.92 0.36 —0.06 0.38 0.31 7.43 5.84
2MASS J16095117—0941174 —1.74 0.52 0.19 —0.57 0.38 2.52 8.02 5.66
2MASS J16122832—0848083 —1.86 0.43 0.14 +0.78 0.06 2.60 6.49 1.74
2MASS J16163560—0401148 —1.73 0.63 0.36 +0.76 0.05 2.07 9.04 1.65
2MASS J16285613—1014576 —1.70 0.33 0.11 +1.30 0.01 4.22 8.32 0.54
BD+09:3223 —1.62 0.98 1.06 +0.02 0.00 0.10 12.18 5.42
HD 149414 —1.70 0.55 0.26 +0.72 0.26 2.57 8.98  4.94
BPS CS 22878—0121 —1.41 0.59 0.54 —0.85 0.74 4.17 16.09  13.12
SMSS J165023.82—252948.7% —1.56 0.59 0.43 +1.11 0.11 3.19 12.20 3.56
RAVE J165300.5—005507 —2.01 0.72 0.28 +0.20 0.09 0.90 5.47 1.95
2MASS J16592172—6827199% —1.09 0.73 1.72 —1.62 0.61 5.10 34.20 22.71
2MASS J17043634—6219457* —1.82 0.64 0.26 —0.52 0.16 1.64 7.44 3.30
2MASS J1706055540412354* —1.40 0.76 0.85 —0.65 0.59 2.49 17.76  13.89
2MASS J17093199—6027271% —1.19 0.84 1.95 —1.00 0.09 2.21 29.17  10.30
2MASS J17124284—5211479% —1.60 0.49 0.27 +1.07 0.23 3.72 10.76 5.05
2MASS J17131974—7113010 —1.80 0.27 0.06 +0.97 0.09 3.69 6.38 1.95
2MASS J17163340—7009028* —1.76 0.19 0.03 +0.93 0.24 4.37 6.47  3.47
2MASS J17225742—7123000 —1.40 0.49 0.41 —1.32 0.58 5.46 16.06  11.04
BD+17:3248 —1.84 0.96 0.59 +0.06 0.05 0.16 8.03  4.09
2MASS J17360008—5145303 —1.69 0.59 0.33 +0.85 0.10 2.44 9.51 2.89
2MASS J17383643—5358288 —1.84 0.41 0.11 +0.71 0.16 2.67 6.36 2.92
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Table 3 (continued)

Name Energy Ecc Jr J¢ Jz Tperi Tapo Zmax
x10° x103 x103 x103

(km? s~2) (kpc km s™1)  (kpe km sT1)  (kpe km s™1) (kpe) (kpe)  (kpc)

2MASS J17400682—6102129 —1.70 0.44 0.14 —0.54 0.57 3.22 8.20 6.78
2MASS J17414840—5340354% —1.85 0.55 0.16 +0.36 0.35 1.81 6.30  4.79
2MASS J17435113—5359333 —1.85 0.45 0.12 +0.58 0.23 2.39 6.28 3.65
SMSS J175046.30—425506.9* —1.56 0.75 0.65 —0.64 0.20 1.87 12.76 6.44
RAVE J175159.8—475131 —2.04 0.72 0.18 —0.24 0.13 0.80 4.78 2.62
2MASS J17541561—5148268* —1.96 0.80 0.22 —0.07 0.31 0.58 5.23 4.67
G 154—34 —1.65 0.80 0.46 —0.21 0.55 1.18 10.38 9.49
SMSS J175738.37—454823.5* —2.18 0.22 0.01 +0.25 0.19 1.69 2.66 1.96
2MASS J18024226—4404426%* —1.27 0.93 1.73 —0.34 0.46 0.87 25.28 18.49
2MASS J18050641—4907579 —2.01 0.85 0.31 +0.19 0.06 0.47 5.77 2.72
SMSS J181505.16—385514.9 —1.95 0.64 0.15 —0.15 0.38 1.12 5.26  4.69
2MASS J18174532—3353235%* —2.42 0.46 0.01 +0.00 0.16 0.61 1.63 1.46
2MASS J18272347—5133001 —1.80 0.83 0.60 +0.11 0.09 0.77 8.44 3.01
2MASS J18285086—3434203* —2.34 0.85 0.11 —0.04 0.09 0.19 2.60 1.46
2MASS J18294122—4504000%* —1.99 0.55 0.12 +0.42 0.14 1.48 5.09 2.40
2MASS J18294359—4924253 —2.14 0.79 0.10 +0.06 0.26 0.42 3.48 3.05
RAVE J183013.5—455510 —1.73 0.12 0.01 +1.05 0.22 5.07 6.39 3.15
SMSS J183128.71—341018.4* —2.11 0.52 0.06 +0.21 0.23 1.15 3.56 2.72
SMSS J183225.29—334938.4%* —2.04 0.79 0.14 +0.11 0.29 0.57 4.49 3.63
2MASS J18362318—-6428124 —1.77 0.16 0.02 +1.13 0.07 4.58 6.36 1.65
2MASS J18363613—7136597 —1.72 0.27 0.07 +1.21 0.06 4.33 7.59 1.75
SMSS J183647.89—274333.1% —1.68 0.90 0.68 —0.22 0.15 0.53 10.58  4.77
HD 175305 —1.30 0.41 0.35 +1.31 1.21 7.91 18.75 15.82
2MASS J18562774—7251331 —1.69 0.97 0.77 +0.06 0.11 0.18 10.39 5.05
2MASS J19014952—4844359* —1.98 0.91 0.38 —0.13 0.06 0.31 6.20 3.12
2MASS J19050116—1949280 —1.75 0.79 0.50 +0.42 0.08 1.10 9.12 3.48
SMSS J190911.03—213207.5* —2.00 0.87 0.25 +0.05 0.21 0.36 5.00 3.80
2MASS J19092677—5140208%* —1.55 0.72 0.58 —0.47 0.50 1.95 12.94 10.22
SMSS J190931.13—214053.9* —1.94 0.34 0.05 +0.54 0.21 2.41 4.94 2.83
HD 178443 —1.36 0.96 1.28 —0.13 0.45 0.43 20.09 17.45
HD 179626 —1.77 0.98 0.75 —0.01 0.03 0.08 9.14 4.60
2MASS J19161821—5544454%* —1.95 0.41 0.08 +0.53 0.16 2.11 5.08 2.55
2MASS J19192768—-5959140 —1.32 0.89 1.55 —0.59 0.06 1.25 21.65 4.37
2MASS J19215077—4452545% —1.76 0.34 0.09 +0.94 0.16 3.57 7.19 2.97
2MASS J19232518—-5833410 —1.77 0.87 0.49 —0.18 0.23 0.60 8.40 5.47
2MASS J19232941—4425432 —1.53 0.70 0.64 —0.92 0.11 2.40 13.66 3.93
RAVE J192632.8—584657* —1.97 0.51 0.09 —0.35 0.25 1.59 4.85 3.33
RAVE J192819.9—-633935* —1.66 0.46 0.22 +1.06 0.14 3.51 9.51 3.36
2MASS J19291910—5528181* —1.78 0.34 0.06 +0.43 0.58 3.27 6.54 5.70
BPS CS 22896—0055 —1.41 0.95 1.39 —0.20 0.14 0.47 18.08 8.85
2MASS J19310426—3707397* —1.92 0.62 0.13 —0.26 0.35 1.32 5.58  4.32
2MASS J19324858—5908019* —1.41 0.56 0.46 —0.41 1.32 4.58 16.13 15.53
2MASS J19345326—3236567 —1.70 0.95 0.72 —0.11 0.14 0.28 10.03 5.24
SMSS J193617.38—790231.4 —1.22 0.71 1.25 —1.85 0.02 4.29 25.61 3.15
BPS CS 22896—0154 —1.84 0.26 0.06 —0.93 0.07 3.54 6.07 1.56
2MASS J19445483—4039459 —1.76 0.44 0.17 —0.95 0.06 3.05 7.82 1.76
2MASS J19451414—1729269 —1.66 0.68 0.48 —0.78 0.05 1.99 10.53 1.91
RAVE J194550.6—392631* —1.89 0.20 0.02 —0.69 0.21 3.35 5.05 2.75
2MASS J19552158 4613569 —1.89 0.75 0.33 —0.34 0.10 0.94 6.74 3.12
2MASS J19563822—4054235 —1.28 0.61 0.77 +0.67 1.39 5.31 21.64 20.28
Gaia DR2 2233912206910720000 —0.55 0.88 8.14 —0.31 3.90 8.45 133.70 133.25
2MASS J19584033+0430396 —0.87 0.82 3.43 —0.50 2.09 5.50 57.62 56.42
SMSS J195931.70—643529.3* —1.55 0.34 0.11 —0.27 1.32 5.21 10.48  10.28
2MASS J20000364—3301351 —1.91 0.75 0.27 —0.29 0.16 0.92 6.38 3.21
2MASS J20005766—2541488 —1.69 0.82 0.61 +0.41 0.08 0.99 10.31 3.90
2MASS J20050670—3057445 —1.62 0.59 0.39 —1.02 0.08 2.79 10.94 2.15
2MASS J20080083—2759265 —1.98 0.58 0.13 —0.38 0.17 1.39 5.14 2.70
2MASS J20093393—3410273* —1.38 0.76 0.94 —0.62 0.63 2.42 19.03  15.18
2MASS J20102782—0826556 —1.61 0.84 0.78 —0.47 0.04 1.06 12.04 1.63
2MASS J20103193—3558546 —1.81 0.83 0.39 +0.15 0.30 0.67 7.37  6.00
2MASS J20194310—3158163 —1.77 0.92 0.68 +0.18 0.01 0.40 9.08 4.16
BPS CS 22943—0132 —1.60 0.29 0.09 +1.34 0.20 5.24 9.45 3.99
2MASS J20233743—1659533 —1.88 0.84 0.38 —0.18 0.16 0.57 6.72 4.15
2MASS J20303339—2519500 —1.83 0.24 0.04 —0.79 0.20 3.57 5.81 2.95
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Table 3 (continued)

Name Energy Ecc Jr J¢ Jz Tperi Tapo Zmax
x10° x103 x103 x103

(km?2 s—2) (kpc km s™1)  (kpc km s™1) (kpc km s™1) (kpc) (kpc)  (kpc)

2MASS J20362262—0714197 —1.71 0.11 0.01 —0.46 0.79 5.12 6.39 5.85
2MASS J20374042— 5520500 —1.83 0.82 0.30 +0.14 0.39 0.71 7.01 6.03
2MASS J20384318—0023327* —1.33 0.54 0.63 —1.38 0.63 5.47 19.49  13.65
2MASS J20385893—0252115 —1.82 0.93 0.51 —0.09 0.16 0.30 7.71 4.56
2MASS J20411424—4654315% —1.88 0.81 0.30 +0.18 0.25 0.67 6.47  4.53
BPS CS 22955—0174* —1.80 0.64 0.23 +0.38 0.33 1.62 7.31 5.29
2MASS J20435776— 4408037 —1.85 0.35 0.07 +0.68 0.20 2.83 5.94 3.09
2MASS J20453454—1431151 —1.88 0.69 0.34 +0.48 0.02 1.28 7.06 1.01
2MASS J20492765—5124440 —1.91 0.76 0.24 +0.26 0.22 0.84 6.12 3.63
2MASS J20504869 —3355289* —1.87 0.87 0.41 —0.07 0.20 0.47 6.78  4.72
2MASS J20514971—6158008 —1.66 0.30 0.09 +1.22 0.15 4.62 8.51 3.14
BPS CS 22940—0121* —1.64 0.65 0.33 —0.33 0.67 2.17 10.21 9.21
2MASS J20554594—3155159 —1.80 0.73 0.37 —0.45 0.12 1.26 7.99 3.43
2MASS J20584918—0354340 —1.87 0.96 0.57 —0.05 0.04 0.15 7.60 3.91
2MASS J21003824—0539171 —1.86 0.69 0.34 +0.49 0.04 1.32 7.33 1.20
2MASS J21055865—4919336 —1.59 0.30 0.08 —0.60 0.92 5.18 9.55 8.59
2MASS J21063474—4957500 —1.45 0.77 0.82 —0.78 0.21 2.10 15.99 6.98
2MASS J21064294 — 6828266 —1.72 0.29 0.07 +0.80 0.38 4.05 7.32  4.88
2MASS J21091825— 1310062 —1.83 0.85 0.42 —0.14 0.22 0.58 7.18 5.16
2MASS J21095804—0945400* —1.80 0.37 0.10 +0.86 0.14 3.15 6.84 2.66
2MASS J21162185—0213420 —1.70 0.19 0.04 +1.31 0.06 5.00 7.40 1.65
2MASS J21220020—0820333* —1.84 0.65 0.24 +0.42 0.22 1.45 6.90 3.98
2MASS J21224590—4641030 —1.72 0.52 0.18 +0.36 0.63 2.57 8.10 7.26
2MASS J21262525—2144243% —1.74 0.92 0.50 —0.02 0.32 0.35 8.86 6.90
BD—03:5215 —1.70 0.93 0.68 —0.11 0.18 0.37 9.86 6.60
HE 213440001 —1.54 0.15 0.03 +1.79 0.09 7.12 9.69 2.44
2MASS J21462219—0512324 —1.65 0.74 0.48 —0.45 0.32 1.59 10.44 7.20
G 214—1 —1.68 0.59 0.35 +0.89 0.07 2.56 9.84 2.63
BPS CS 22951 —0059* —1.49 0.37 0.20 +1.49 0.33 5.74 12.61 6.48
RAVE J215118.3—135937 —1.85 0.85 0.50 —0.26 0.03 0.63 7.75 3.46
BPS CS 29493—0062 —1.61 0.05 0.00 +1.72 0.02 7.18 7.87  0.77
HE 215540136 —1.79 0.80 0.45 —0.34 0.11 0.91 8.13 3.77
HE 2154—2838% —1.74 0.50 0.17 —0.58 0.38 2.66 7.95 5.49
HE 2206—2245% —1.74 0.34 0.08 —0.66 0.45 3.55 7.24 5.39
BPS CS 22886—0012* —1.78 0.43 0.16 +0.95 0.04 3.00 7.56 1.36
2MASS J22161170—5319492 —1.77 0.77 0.54 +0.38 0.05 1.13 8.86 3.15
2MASS J2216359640246171% —1.79 0.90 0.51 +0.17 0.17 0.45 8.33  4.51
BPS CS 22892—0052* —1.59 0.81 0.65 +0.37 0.34 1.23 12.13 8.80
2MASS J22182082—3827554 —1.37 0.43 0.32 +0.79 1.33 6.54 16.21  14.91
2MASS J22190836—2333467 —1.70 0.46 0.19 +0.96 0.15 3.25 8.74 3.44
2MASS J22220344—8024592 —1.68 0.20 0.03 +0.20 1.11 4.87 7.36 7.25
BPS CS 22886—0043 —1.70 0.68 0.31 +0.45 0.38 1.75 9.17  6.51
BPS CS 22960—0064 —1.71 0.47 0.20 +0.98 0.10 3.16 8.65 2.65
HE 2224+40143% —1.82 0.73 0.42 +0.38 0.08 1.25 7.93 2.62
BPS CS 22875—0029* —1.43 0.93 1.20 +0.19 0.33 0.56 17.30  13.65
2MASS J22302641—1949527* —1.35 0.35 0.22 +1.37 1.05 7.92 16.44  13.28
BPS CS 29491 —0069 —1.09 0.65 1.32 —1.63 1.13 6.98 32.68  25.87
HE 2229—4153 —1.66 0.37 0.11 —0.47 0.79 3.93 8.55 7.73
2MASS J22345447— 6605172 —1.72 0.38 0.13 +1.02 0.13 3.61 8.06 2.83
2MASS J22373316—4341181 —1.82 0.80 0.45 —0.30 0.08 0.87 8.01 3.25
HE 2242-1930 —1.39 0.50 0.43 +1.70 0.25 5.52 16.52 6.98
HE 2244—1503% —1.01 0.68 1.70 +2.64 0.42 7.40 39.16  19.01
2MASS J22492756— 2238289 —1.70 0.89 0.57 —0.20 0.25 0.61 9.69 5.79
2MASS J22562536—0719562 —1.65 0.79 0.55 +0.39 0.27 1.25 10.66 6.82
2MASS J23022289—6833233 —1.79 0.76 0.40 +0.37 0.14 1.07 7.96 3.91
HE 2301—4024% —1.16 0.66 1.19 —1.38 0.93 5.80 28.23  22.27
2MASS J23060975—6107368 —1.67 0.76 0.54 —0.51 0.13 1.37 10.22  4.27
2MASS J23100319—7702165 —1.54 0.61 0.47 +1.01 0.21 3.13 12.83 5.59
BPS CS 29513—0003 —1.53 0.36 0.15 —1.07 0.59 5.32 11.24 8.16
BPS CS 22945—0017 —1.67 0.43 0.18 +1.02 0.17 3.59 9.00 3.70
2MASS J23242766—2728055 —1.75 0.75 0.39 —0.34 0.28 1.24 8.49 5.85
2MASS J23251897—0815539 —1.67 0.37 0.11 —0.63 0.61 3.91 8.40 6.91
2MASS J23265258—0159248 —1.54 0.75 0.70 —0.72 0.16 1.94 13.49 5.35
2MASS J23285061—0432368 —1.68 0.48 0.23 +1.06 0.07 3.24 9.20 2.00
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Table 3 (continued)

Name Energy Ecc Jr J¢ Jz Tperi Tapo Zmax
x10° x103 x103 x103

(km? s~2) (kpc km s™1)  (kpe km sT1)  (kpe km s™1) (kpe) (kpe)  (kpc)

HD 221170 —1.68 0.60 0.37 +0.95 0.01 2.51 9.96 0.86
HE 2327—-5642 —1.45 0.66 0.60 —0.65 0.66 3.08 15.19 12.47
BPS CS 22941—-0017* —1.49 0.20 0.05 +1.36 0.61 7.32 10.96 7.63
2MASS J23342332—2748003* —1.78 0.91 0.48 +0.14 0.23 0.40 8.40 4.91
2MASS J23362202—5607498%* —1.52 0.68 0.48 +0.19 1.01 2.51 13.33 12.97
BPS CS 22952—-0015* —1.57 0.38 0.15 +0.83 0.66 4.67 10.41 8.26
BPS CS 29499—-0003 —1.57 0.87 0.86 +0.37 0.11 0.88 13.13 4.57
2MASS J23411581—6406440 —1.67 0.96 0.66 +0.05 0.33 0.23 10.31 8.56
2MASS J23425814—4327352 —1.56 0.44 0.26 +1.47 0.05 4.42 11.48 2.47
HD 222925 —1.53 0.92 1.04 —0.28 0.09 0.57 14.47 5.25
2MASS J23475942—5701184 —1.82 0.80 0.38 —0.28 0.18 0.85 7.47 4.23
BPS CS 22966—0057 —1.67 0.69 0.39 —0.46 0.38 1.80 9.77 7.15
2MASS J23490902—2447176 —1.00 0.88 2.84 +1.13 0.39 2.75 43.07 24.86
BPS CS 29499—-0058 —1.55 0.75 0.58 +0.19 0.73 1.81 12.76 12.19
BPS CS 22945—0058 —1.74 0.96 0.70 +0.09 0.09 0.22 9.58 4.72
BPS CS 22945—0056 —1.21 0.72 1.23 —1.25 0.65 4.24 26.34 18.29
BPS CS 29517—0025 —1.45 0.25 0.09 —1.22 0.87 7.43 12.50 9.91
SDSS J235718.91—-005247.8 —1.40 0.39 0.25 —1.29 0.82 6.66 15.06 11.55

Nore—Single (*) mark indicates the 16 stars with relative distance errors in the range 20% < € < 30%. See text for details.

Table 4. CDTGs Identified from the HDBSCAN Algorithm

Name Class [Fe/H] [C/Fe] [C/Fe]c [Sr/Fe] [Ba/Fe] [Eu/Fe] [Eu/H]

CDTG-1 (N = 6, CL = 99.8%)

2MASS J10492192—1154173 r-1 —2.18 —0.42 —0.41 —0.06 —0.16 +0.33 —1.85
2MASS J20584918—-0354340 -1 —2.36 0.00 +0.40 —0.24 —0.09 +0.36 —2.00
2MASS J12591462—7049592 r-1 —2.45 —0.60 +0.16 +0.25 +0.25 +0.50 —1.95
2MASS J11404726—0833030 -1 —1.55 +0.03 +0.05 +0.11 +0.36 +0.55 —1.00
2MASS J00405260—5122491 r-11 —2.11 —0.04 —0.04 +0.09 —0.04 +0.86 —1.25
BD+17:3248 r-11 —2.09 —0.47 —0.24 +0.29 +0.40 +0.91 —1.18
n o ([X/Y]) —2.1940.28 —0.254+0.27 —0.014+0.28 +40.084+0.19 +40.1240.23 +0.57+0.24 —1.5440.

Cumulative fraction value 0.20 0.70 0.32 0.44 0.68

CDTG-2 (N =8, CL = 99.1%)

2MASS J19445483—-4039459 -1 —1.98 —0.27 +0.33 +0.21 +0.13 +0.33 —1.65
2MASS J15293404—3906241 -1 —2.74 P ce —0.36 —0.16 +0.34 —2.40
RAVE J151558.3—203821 r-1 —2.74 —0.15 +0.58 +0.27 —0.39 +0.36 —2.38
2MASS J20303339—-2519500 -1 —2.21 —0.65 +0.10 +0.41 —0.29 +0.41 —1.80
2MASS J15133549—1244339 r-1 / CEMP-r —2.04 +0.45 +0.75 —2.87 —0.10 +0.55 —1.49
2MASS J14232679—2834200 -1 —1.90 +0.43 +0.44 +0.44 —0.07 +0.61 —1.29
BPS CS 22896—-0154 r-11 —2.69 +0.27 +0.28 +0.54 +0.51 +0.86 —1.83
2MASS J14592981—3852558* r-II —2.48 —0.95 —0.17 +0.23 +0.13 +0.93 —1.55
n o ([X/Y]) —2.354+0.35 —0.1240.52 +40.344+0.29 +40.2940.28 —0.054+0.27 +0.51+0.24 —1.734+0.

Cumulative fraction value 0.26 0.72 0.58 0.51 0.64

CDTG-3 (N = 3, CL = 97.4%)

2MASS J16024498—-1521016 -1 —1.80 —0.05 —0.05 +0.35 +0.08 +0.55 —1.25
2MASS J09284944—0738585 r-1 —1.22 0.00 +0.07 +0.45 +0.32 +0.60 —0.62
2MASS J10191573—-1924464 r-11 —1.19 —0.32 —0.23 +0.63 +0.73 +0.75 —0.44
wnxo ([X/Y]) —1.4040.28 —0.1240.14 —0.074+0.12 +40.484+0.12 +40.384+0.27 +0.63+0.08 —0.77+0.

Cumulative fraction value 0.40 0.28 0.23 0.67 0.22

CDTG-4 (N = 4, CL = 93.7%)

2MASS J00413026—4058547 r-1 —2.58 —0.49 +0.20 +0.04 —0.27 +0.38 —2.20
2MASS J02274104—0519230*% r-I —2.38 —0.70 +0.08 +0.72 —0.18 +0.42 —1.96
2MASS J00453930—7457294 r-1 / CEMP-r —2.00 +0.93 +0.98 +0.83 +0.37 +0.55 —1.45

Table 4 continued
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Table 4 (continued)

Name Class [Fe/H] [C/Fe] [C/Felc [Sr/Fe] [Ba/Fe] [Eu/Fe] [Eu/H]

2MASS J00182832—3900338 r-1 —1.80 —0.35 +0.15 +0.28 +0.07 +0.57 —1.23
pn £ o ([X/Y]) —2.1940.32 —0.50+0.28 +0.154+0.07 +40.484+0.34 —0.034+0.27 +0.48+0.09 —1.71+0.41
Cumulative fraction value 0.43 0.10 0.79 0.64 0.24

CDTG-5 (N = 3, CL = 92.8%)
HD 224930 r-1 —1.00 e —0.19 +0.34 —0.66
2MASS J16285613—1014576 r-1 —2.00 —0.30 +0.24 —0.26 —0.02 +0.36 —1.64
2MASS J15062866—1428038 r-1 —2.25 —0.08 —0.08 +0.17 —0.01 +0.65 —1.60
wt o ([X/Y]) —1.7540.54 —0.0740.08 +0.45+0.14 —1.30+0.45
Cumulative fraction value 0.85 0.11 0.43

CDTG-6 (N = 3, CL = 91.1%)
HD 149414 r-1 —1.26 P .. +0.06 +0.50 —0.76
2MASS J01373857—2618131 r-1 —2.80 —0.15 +0.57 0.00 +0.03 +0.62 —2.18
2MASS J05383296 —5904280 r-11 —2.54 +1.11 +0.76 +1.28 —1.26
wt o ((X/Y]) —2.20+0.67 +0.28+0.34 +0.8040.34 —1.40+0.59
Cumulative fraction value 0.95 0.80 0.85

CDTG-7 (N =17, CL = 90.6%)
2MASS J15204531—1742486 -1 —2.81 +0.30 +0.54 —2.85 —0.30 +0.35 —2.46
2MASS J20103193—3558546 -1 —2.56 —0.20 +0.52 +0.18 —0.03 +0.38 —2.18
2MASS J15083385—1459166 -1 —2.29 —0.65 +0.08 0.00 —0.10 +0.49 —1.80
HD 122956 r-1 —1.70 L +0.18 +0.15 +0.55 —1.15
2MASS J13494713—-7423395 -1 —2.85 +0.10 +0.60 +0.10 +0.05 +0.70 —2.15
2MASS J23342332—2748003* r-1I —2.46 —0.24 +0.48 +0.39 —0.06 +0.71 —1.75
2MASS J20411424—4654315* r-II —2.30 —0.30 +0.32 +0.02 —0.02 +0.88 —1.42
nE o ([X/Y]) —2.4940.36 —0.184+0.32 +40.504+0.15 +40.124+0.14 —0.034+0.13 +0.57+£0.19 —1.8440.44
Cumulative fraction value 0.34 0.21 0.14 0.08 0.47

CDTG-8 (N = 3, CL = 89.9%)
2MASS J06290787—6709523 r-1 —2.79 —0.44 +0.30 —0.44 —0.17 +0.46 —2.33
2MASS J11301705—1449325 -1 —2.45 —0.10 —0.09 +0.08 —0.12 +0.50 —1.95
2MASS J06195001—-5312114 r-11 —2.04 +0.30 +0.31 +1.00 —0.03 +0.73 —1.31
nxo ([X/Y]) —2.43+0.31 —0.08+0.30 +0.174+0.19 +40.214+0.60 —0.114+0.06 +0.56+0.12 —1.86+0.42
Cumulative fraction value 0.46 0.51 0.95 0.06 0.35

CDTG-9 (N = 5, CL = 89.8%)
BD+-42:2667 -1 —1.48 L .. +0.09 +0.44 —1.04
2MASS J12405721—4051430 r-1 —1.48 +0.05 +0.07 +0.20 +0.22 +0.45 —1.03
HD 179626 -1 —1.26 —0.02 +0.47 —0.79
2MASS J04182158—-2323391 r-1 —1.82 —0.44 +0.07 +0.19 +0.13 +0.48 —1.34
HE 0341—4024 -1 —1.82 +0.27 +0.27 —0.09 —0.08 +0.69 —1.13
w+ o ([X/Y]) —1.56+0.24 —0.04+0.30 +0.144+0.09 +40.104+0.13 +40.074+0.11 +0.46+0.02 —1.06+0.19
Cumulative fraction value 0.21 0.18 0.29 0.13 0.02

CDTG-10 (N = 4, CL = 87.9%)
2MASS J11444480—1128167 r-1 —2.42 —0.35 —0.34 +0.03 —0.29 +0.35 —2.07
BD+-09:3223 r-1 —2.20 +0.16 +0.41 +0.42 —1.78
2MASS J01530024—3417360 r-11 —1.50 +0.01 +0.02 +0.40 +0.09 +0.71 —0.79
2MASS J07352232—4425010 r-11 —1.62 —0.01 0.00 +0.24 +0.39 +0.79 —0.83
w+ o ([X/Y]) —1.93+0.41 —0.1240.17 —0.114+0.17 +40.204+0.14 +40.214+0.31 +0.574+0.20 —1.35+0.61
Cumulative fraction value 0.61 0.44 0.29 0.74 0.61

CDTG-11 (N = 6, CL = 87.1%)
2MASS J02515281—3717316 r-1 —2.33 —0.40 +0.34 —0.33 —0.22 +0.33 —2.00
2MASS J04263084—4058516 -1 —2.43 —0.60 —0.01 +0.02 +0.07 +0.40 —2.03

Table 4 continued
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Table 4 (continued)

Name

HE 0430—4901

RAVE J123550.1—313111
BPS BS 16083—0172
2MASS J05311779—5810048
pto ((X/Y])

Cumulative fraction value

2MASS J10223779—3400209
RAVE J215118.3—135937
2MASS J22373316—4341181
2MASS J07161594—5135248
BD+401:2916

HE 215540136

nto (X/Y])

Cumulative fraction value

2MASS J18562774—7251331

2MASS J04565146—3115427

2MASS J04012191—-2635058

BD—-01:1792

BD—-03:5215

2MASS J07393021—-5548171

2MASS J19345326 —3236567

2MASS J00073817—0345509*
SMSS J183647.89—274333.1*
wE o ((X/Y])

Cumulative fraction value

2MASS J17400682—6102129

2MASS J06090353—7122260

2MASS J10044858—2706500*
2MASS J15111672+0025252%*
G 154—34

2MASS J23251897—0815539

2MASS J08155667—2204105

2MASS J00541965—0611555%
BPS CS 22940—0121*

HE 2206—2245*

2MASS J12091322—1415313*
SMSS J051008.62—372019.8

ut o (X/Y])

Cumulative fraction value

HD 119516

2MASS J22302641—1949527*
HD 175305

BD+430:2611

2MASS J03154102—7626329
2MASS J00021668—2453494%*
ut o ((X/Y])

Cumulative fraction value

2MASS J08134364—2332528
2MASS J10063414—7030212
2MASS J00452379—-2112161
RAVE J192819.9—633935*

—2.43+£0.10 +0.06£0

[C/Felc [Sr/Fe]
+0.10 —0.58
+1.11 .

+0.35 +0.14
+0.18 —0.13

.44 40.20+0.24 —0.1640.27

0.56 0.62

6, CL = 86.2%)

+0.15 +0.35
+0.69 +0.56
+0.06 +0.14
+0.13 +0.21

0.00 —0.13

.28 +40.0940.10 +0.224+0

0.14 0.56

9, CL = 84.8%)

+0.24 0.00

+0.45 +0.02
+0.13 +0.13
—0.40 +0.35
+0.26 +0.15
+0.17 +0.41
+0.22 +0.18

—0.3840.23 +40.224+0.10 +0.17+0

0.05 0.16

=12, CL = 84.1%)

—0.03 +0.16
+0.38 —0.16
+0.55 0.00
—0.12 +0.02
+0.28
—0.24 —0.42
—0.03 +0.11
+0.50 +0.26
< 40.01 < +0.04 +0.36
+0.22 —0.05
+0.20 —0.01
+0.57 +0.41

—0.1940.42 +40.204+0.29 +0.09+0

0.72 0.32

CDTG-15 (N = 6, CL = 83.2%)

< —0.42 < 40.28 +0.26
+0.48 —0.28

+0.13

+0.55 —0.22

—0.57 +0.59

—0.394+0.35 +40.154+0.51 +40.10+0

0.96 0.76

CDTG-16 (N = 8, CL = 82.7%)

[Ba/Fe] [Eu/Fe] [Eu/H]
—0.07 +1.16 —2.13
+0.27 +0.59 —1.87
—0.37 +0.63 —1.87
—0.11 +0.65 —1.75
—0.084+0.21 +0.594+0.13 —1.9440.
0.36 0.72
—0.29 +0.37 —1.77
—0.85 +0.37 —1.73
—0.06 +0.40 —2.11
+0.28 +0.46 —1.39
+0.07 +0.65 —1.15
+0.13 +0.68 —1.39
—0.014+0.35 +0.444+0.15 —1.57+£0.
0.80 0.36
—0.01 +0.32 —1.
—0.33 +0.34 —1.
+0.15 +0.38 —1.
—0.02 +0.38 —0.88
+0.46 +0.56 —0.64
+0.50 +0.63 -1
+0.07 +0.63 —1.
+0.11 +0.73 —1.
+0.13 +0.82 —1.
.15 40.114+0.24 +0.534+0.18 —1.47+0.
0.37 0.40
.31 +0.31 —1.
.45 +0.32 —2.
.38 +0.41 —1.
.18 +0.41 —2.
.10 +0.50 —1.
.33 +0.55 —1.
.21 +0.57 —1.
.21 +0.59 —1.
.21 +0.61 —2.
J11 +0.62 —2.
11 +0.81 —1.
.75 +0.95 —2.
—0.13+0.30 +0.54+0.18 —1.9440.
0.61 0.36
—0.02 +0.34 —1.92
—0.10 +0.40 —1.88
+0.12 +0.44 —1.06
+0.08 +0.45 —0.95
—0.01 +0.50 —2.21
+0.10 +0.52 —1.29
.33 +40.034+0.08 +0.44+0.06 —1.56+0.
0.04 0.06
+0.10 +0.10 +0.28 +0.32 —1.40
+0.33 —0.21 +0.03 +0.39 —1.81
+0.50 —0.10 —0.25 +0.40 —2.23
+0.74 +0.09 +0.45 —1.93

.24

.23

Table 4 continued
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Table 4 (continued)

Name Class [Fe/H] [C/Fe] [C/Felc [Sr/Fe] [Ba/Fe] [Eu/Fe] [Eu/H]

2MASS J02265832—-0749596 -1 —1.94 —0.05 —0.04 +0.23 +0.08 +0.56 —1.38
BPS CS 30306—0132 r-11 —2.42 +0.34 +0.35 +0.14 +0.22 +0.85 —1.57
2MASS J22190836—2333467 r-11 —2.56 —0.13 +0.39 +0.27 +0.24 +0.87 —1.69
BPS CS 22945—-0017 r-11 / CEMP-r —2.89 +1.78 +1.78 +0.39 +0.49 +1.13 —1.76
nto ([X/Y]) —2.384+0.38 +40.01+0.28 +0.344+0.32 +40.134+0.21 +40.164+0.20 +0.55+0.30 —1.714+0.27
Cumulative fraction value 0.35 0.81 0.35 0.24 0.82

CDTG-17 (N = 3, CL = 79.4%)
BD+-26:2251 r-1 —1.10 +0.01 +0.48 —0.62
2MASS J07052028 —3343242 r-1 —2.24 —0.36 +0.27 +0.03 —0.17 +0.62 —1.62
RAVE J040618.2—030525 r-11 —1.46 +0.54 +0.56 +0.98 +1.17 —0.29
wt o ([X/Y]) —1.60+0.48 +0.2740.51 +0.76+£0.30 —0.84+0.57
Cumulative fraction value 0.77 0.94 0.79

CDTG-18 (N = 4, CL = 79.3%)
HD 108577 r-1 —2.36 —0.17 +0.36 —2.00
2MASS J15075699—-0659593 -1 —2.07 —0.20 +0.44 +0.12 —0.10 +0.36 —1.71
2MASS J05030025—7601462 r-1 —2.17 —0.20 +0.40 0.00 —0.21 +0.40 —1.77
2MASS J23362202—5607498% r-II —2.06 —0.05 +0.47 > +41.00 +0.24 +1.14 —0.92
nE o ([X/Y]) —2.1240.13 —0.154+0.07 +0.444+0.03 —0.16+0.11 +0.374+0.02 —1.81+0.36
Cumulative fraction value 0.10 0.02 0.17 0.04

CDTG-19 (N = 4, CL = 78.0%)
2MASS J23475942—5701184 r-1 —2.24 —0.55 +0.20 —0.08 —0.07 +0.45 —1.79
2MASS J20233743—1659533 r-1 —2.60 —0.57 —0.03 +0.23 —0.07 +0.50 —2.10
2MASS J20504869—3355289* r-I —2.64 —0.34 +0.38 +0.24 —0.06 +0.62 —2.02
2MASS J21091825—1310062 r-11 —2.40 —0.28 —+0.27 +0.14 +0.12 +1.25 —1.15
w+ o ([X/Y]) —2.484+0.17 —0.4440.14 +40.234+0.16 +40.204+0.12 —0.074+0.01 +0.52+0.12 —1.944+0.36
Cumulative fraction value 0.16 0.37 0.23 0.00 0.38

CDTG-20 (N =5, CL = 77.3%)
2MASS J09261133—-1526232 -1 —1.70 +0.01 +0.03 +0.06 +0.28 +0.43 —1.27
2MASS J13511539—7340363 -1 —2.49 0.00 +0.01 —0.20 +0.17 +0.50 —1.99
2MASS J13164824—2743351 r-1 —1.61 —0.05 —0.03 +0.26 +0.01 +0.54 —1.07
2MASS J07501424—4123454 r-1 —1.89 +0.17 +0.18 +0.15 +0.27 +0.59 —1.30
2MASS J19192768—-5959140 -1 —2.62 —0.60 +0.13 —0.05 +0.25 +0.60 —2.02
w+ o ([X/Y]) —2.00+£0.48 +40.014+0.09 +0.054+0.09 +40.054+0.17 +40.254+0.06 +0.54+0.07 —1.43+0.49
Cumulative fraction value 0.70 0.11 0.33 0.06 0.12

CDTG-21 (N = 4, CL = 76.2%)
RAVE J074824.3—483141 -1 —2.13 0.00 +0.32 +0.66 —0.20 +0.45 —1.68
2MASS J12102259—4902190 r-1 —1.69 —0.05 +0.33 +0.15 +0.23 +0.58 —1.11
HD 135148 -1 —1.70 +0.30 +0.58 —1.12
2MASS J01565634—1402108* r-II —2.08 —0.27 +0.37 +0.10 —0.11 +0.76 —1.32
w+ o ([X/Y]) —1.9040.22 —0.1140.12 +40.3440.02 +40.304+0.25 +40.064+0.23 +0.58+0.12 —1.2240.24
Cumulative fraction value 0.22 0.01 0.63 0.51 0.36

CDTG-22 (N = 4, CL = 75.7%)
2MASS J19050116—1949280 r-1 —1.89 —0.43 +0.21 —0.01 —0.08 +0.36 —1.53
2MASS J02570028 —-3024374 r-1 —2.05 +0.15 +0.33 —0.03 +0.03 +0.55 —1.50
2MASS J22161170—5319492 r-1 —2.51 —0.15 +0.31 +0.20 +0.31 +0.59 —1.92
BPS CS 29529—-0054 r-11 —2.55 +0.58 +0.58 —0.10 —0.02 +0.90 —1.65
pn+ o ([X/Y]) —2.26+0.31 +0.024+0.40 +0.314+0.14 —0.03+0.11 —0.024+0.13 +0.58+0.21 —1.594+0.17
Cumulative fraction value 0.39 0.30 0.20 0.22 0.64

Table 4 continued
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Table 4 (continued)

Name Class [Fe/H] [C/Fe] [C/Felc [Sr/Fe] [Ba/Fe] [Eu/Fe] [Eu/H]

CDTG-23 (N = 4, CL = 75.4%)
2MASS J12571667—-4335318 -1 —1.96 —0.05 +0.05 +0.05 +0.15 +0.30 —1.66
2MASS J08032084—5856521 r-1 —1.74 +0.01 +0.03 +0.24 +0.26 +0.49 —1.25
2MASS J15271353—2336177 -1 —2.15 +0.33 +0.33 +0.35 —0.03 +0.70 —1.45
BPS CS 22886—0012* r-11 —2.88 —0.16 —0.16 +0.31 +0.14 +0.85 —2.03
n+ o ([X/Y]) —2.05+0.44 —0.03+£0.19 +0.054+0.19 +40.284+0.12 +0.144+0.11 +0.59+0.22 —1.58+0.31
Cumulative fraction value 0.67 0.47 0.23 0.17 0.67

CDTG-2/ (N = 4, CL = 61.4%)
2MASS J05521578 —3953184 r-1 —2.37 —0.22 +0.23 +0.23 —0.04 +0.41 —1.96
G 214—1 r-1 —2.29 —0.12 —0.12 +0.46 +0.27 +0.56 —1.73
HE 0516—3820 r-1 —2.51 +0.35 +0.36 +0.23 +0.06 +0.64 —1.87
2MASS J01425445—-0904162 r-11 —1.73 —0.55 —0.15 +0.30 +0.35 +0.83 —0.90
nEo ([X/Y]) —2.384+0.26 —0.16+0.34 +0.074+0.24 +40.254+0.09 +40.164+0.16 +0.61+0.16 —1.85+0.18
Cumulative fraction value 0.31 0.63 0.14 0.32 0.50

CDTG-25 (N = 3, CL = 61.2%)
2MASS J14191395—0844410 r-1 —2.08 —0.07 +0.22 +0.34 —0.15 +0.34 —1.74
2MASS J23285061—0432368 -1 —1.99 +0.05 +0.41 —0.10 0.00 +0.53 —1.46
2MASS J09574607—3923072 r-1 —1.73 —0.06 +0.25 +0.22 +0.21 +0.55 —1.18
n+ o ([X/Y]) —1.93+0.15 —0.03£0.05 +0.294+0.08 +0.15+0.19 +0.024+0.15 +0.47£0.09 —1.464+0.23
Cumulative fraction value 0.13 0.14 0.46 0.31 0.26

CDTG-26 (N = 3, CL = 54.4%)
HE 0057 —4541%* r-1 —2.40 +0.44 +0.45 +0.21 —0.06 +0.55 —1.85
2MASS J03084611—4747083* r-1 —1.56 +0.20 +0.22 +0.09 +0.18 +0.55 —1.01
BPS CS 22945—-0056 r-1 —2.82 < +1.60 < +1.75 —0.09 —0.40 +0.68 —2.14
wt o ([X/Y]) —2.2640.52 +0.074£0.12 —0.0940.24 +0.59+£0.06 —1.67-+0.48
Cumulative fraction value 0.83 0.26 0.59 0.12

CDTG-27 (N = 3, CL = 37.4%)
2MASS J04315411—-0632100 -1 —2.18 —0.05 —0.05 +0.05 —0.10 +0.30 —1.88
2MASS J00532781—0253169* r-I —2.16 —0.30 +0.40 —0.05 —0.24 +0.39 —1.77
2MASS J15211026—0607566 r-11 —2.00 —0.20 +0.34 —0.18 +0.10 +0.93 —1.07
w+ o ([X/Y]) —2.114+0.08 —0.184+0.10 +0.234+0.20 —0.06+0.09 —0.084+0.14 +0.54+0.28 —1.57+0.36
Cumulative fraction value 0.04 0.56 0.16 0.28 0.76

CDTG-28 (N = 4, CL = 36.5%)
2MASS J12292696—0442325 r-1 —2.23 —0.40 +0.28 0.00 —0.22 +0.46 —1.77
BPS BS 16089—-0013 -1 —2.70 +0.40 +0.66 +0.16 —0.13 +0.46 —2.24
2MASS J1706055540412354* r-I —2.71 —0.10 +0.60 —0.57 +0.05 +0.50 —2.21
2MASS J00002416—1107454* r-1 —2.43 —0.27 +0.30 —0.04 —0.24 +0.51 —1.92
w+ o ([X/Y]) —2.544+0.22 —0.184+0.32 +40.464+0.18 +40.034+0.25 —0.174+0.12 +0.484+0.02 —2.04+0.21
Cumulative fraction value 0.23 0.45 0.60 0.20 0.04

CDTG-29 (N =5, CL = 35.9%)
2MASS J19310426—3707397* r-1 —2.21 —0.45 +0.05 —0.70 —0.40 +0.40 —1.81
2MASS J17541561—5148268* r-I —2.14 —0.60 —0.11 —0.20 —0.05 +0.50 —1.64
2MASS J18294359—4924253 r-11 —1.22 —0.61 —0.22 —0.11 +0.29 +0.89 —0.33
SMSS J183225.29—-334938.4* r-1I —1.74 —0.22 —0.20 +0.26 +0.50 +1.08 —0.66
SMSS J183128.71—341018.4* r-II —1.83 +0.01 +0.03 +0.97 +0.53 +1.25 —0.58
w+ o ([X/Y]) —1.8440.36 —0.41+0.26 —0.094+0.12 —0.024+0.59 +40.234+0.38 +0.83+0.34 —0.83+0.75
Cumulative fraction value 0.45 0.18 0.97 0.85 0.88

CDTG-30 (N = 3, CL = 12.4%)

Table 4 continued
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Name Class [Fe/H] [C/Fe] [C/Felc [Sr/Fe] [Ba/Fe] [Eu/Fe] [Eu/H]
2MASS J16592172—6827199* r-1 —2.80 —0.60 —0.05 —0.30 —0.20 +0.40 —2.40
2MASS J07411443—4339360 r-1 —1.74 +0.05 +0.07 +0.02 +0.13 +0.50 —1.24
2MASS J15260106—0911388 r-11 —2.83 —0.82 —0.06 +0.90 +0.69 +1.70 —1.13
wt o ([X/Y]) —2.4640.51 —0.4640.37 —0.0140.06 +0.2140.51 +0.2140.37 +0.8740.59 —1.5940.57
Cumulative fraction value 0.81 0.07 0.92 0.84 0.98

NoTe—Single (*) mark indicates the 27 stars with relative distance errors in the range 20% < e < 30%. See text for details.

NoTe—Means (p), standard deviations (o), and cumulative fraction values for the elemental abundances in each CDTG with at least 3 measured abundances are
listed. When the number of available measured elemental abundances is 4 or more, biweight estimates of these quantities are reported, in order to decrease the
influence of potential outliers.

Table 1. Positions, Magnitudes, Distances, Radial Velocities, and Proper Motions for the Initial Sample

Name RA DEC V mag dGaia (err) dgyy (err) Rad Vel PMRA PMpEC

(J2000) (J2000) (kpc) (kpc) (km sfl) (mas yrfl) (mas yrfl)
2MASS J00002259—1302275 00:00:22.60 —13:02:27.5 12.88 5.71 (1.54)* 4.78 (1.47)** —104.4 —2.61 —9.45
2MASS J00002416—1107454 00:00:24.16 —11:07:45.4 12.04 3.76 (0.68) 3.51 (0.79)* —110.4 —0.63 —23.48
SMSS J000113.96—363337.9 00:01:13.99 —36:33:38.1 13.91 8.02 (2.24)* 7.28 (2.03)* 243.3 & 8.35 —5.16
HD 224930 00:02:11.18 427:04:40.0 5.67 0.01 (0.00) 0.01 (0.00) —35.6 723.11 —933.75
2MASS J00021668—2453494 00:02:16.70 —24:53:49.5 13.49 4.86 (0.74) 5.11 (1.36)* 80.1 —3.61 —8.09
BPS CS 22957—0036 00:03:31.20 —04:44:19.0 14.41 1.26 (0.09) 1.20 (0.15) —154.5 b 38.64 —22.27
HD 20 00:05:15.48 —27:16:18.8 9.01 0.50 (0.01) 0.50 (0.02) —56.5 132.43 —39.92
2MASS J00073817—0345509 00:07:38.17 —03:45:50.9 11.65 2.86 (0.56) 2.72 (0.65)* —146.3 2.30 —16.04
BPS CS 31070—-0073 00:08:51.83 +05:26:17.1 14.53 1.44 (0.57)** —86.0 © 19.87 —12.43
2MASS J00093394—1857008 00:09:33.94 —18:57:00.8 11.18 1.26 (0.08) 1.29 (0.08) —71.4 39.33 —37.43
2MASS J00101758—1735387 00:10:17.52 —17:35:38.4 11.50 0.68 (0.02) 0.68 (0.02) 191.8 34.31 —54.97
HE 0010—3422 00:12:55.90 —34:05:44.2 15.48 7.27 (5.23)** 158.8 d 3.54 —8.00
2MASS J00154806—6253207 00:15:48.06 —62:53:20.7 11.03 2.06 (0.10) 2.07 (0.12) 207.8 24.90 —8.70
2MASS J00172430—-3333151 00:17:24.30 —33:33:15.1 12.24 2.64 (0.30) 2.49 (0.41) —18.3 —4.71 —9.24
2MASS J00182832—-3900338 00:18:28.32 —39:00:33.8 11.21 3.10 (0.36) 3.05 (0.41) 350.8 5.12 —4.30
BPS CS 22882—-0001 00:20:25.30 —31:39:04.0 14.77 6.27 (1.49)* 8.04 (1.44) 28.0 © 8.80 —6.72
2MASS J00223225—4839449 00:22:32.25 —48:39:44.9 11.06 3.90 (0.45) 4.01 (0.62) 245.0 18.19 —14.02
BPS CS 30339—-0052 00:22:50.14 —34:07:20.7 15.34 5.00 (4.31)** 33.0 £ 0.66 —0.67
BPS CS 29497—-0004 00:28:06.92 —26:03:04.2 14.01 3.41 (0.35) 3.58 (0.81)* 105.1 & 9.47 0.39
2MASS J00305267—1007042 00:30:52.67 —10:07:04.2 12.77 3.60 (0.56) 3.26 (0.91)* —74.2 19.79 —4.55
2MASS J00400685—4325183 00:40:06.90 —43:25:18.4 12.32  7.93 (1.73)* 7.33 (1.29) 47.1 3.05 —8.35
2MASS J00405260—5122491 00:40:52.60 —51:22:49.1 11.21 0.15 (0.00) 0.15 (0.00) 123.3 211.49 —197.32
2MASS J00413026 —4058547 00:41:30.26 —40:58:54.7 11.29 3.22 (0.36) 3.21 (0.44) 354.8 2.64 —4.37
2MASS J00442897—1017497 00:44:28.97 —10:17:49.7 10.82 2.02 (0.30) 2.01 (0.33) —3.0 8.76 —28.59
2MASS J00452379—2112161 .80 —21:12:16.1 12.52  3.43 (0.48) 3.28 (0.64) 21.2 4.41 —6.56
2MASS J00452879—5846450 00:45:28.79 —58:46:45.0 10.66 2.28 (0.11) 2.29 (0.14) 187.9 —16.32 —23.26
2MASS J00453930—7457294 00:45:39.30 —74:57:29.6 11.71 1.61 (0.06) 1.63 (0.06) —31.8 3.29 —46.99
HE 0045—2430 .58  —24:14:02.1 15.09 3.86 (0.49) 3.95 (1.59)** 144.5 & 22.40 —7.50
2MASS J00482431—1041309 .31 —10:41:30.9 10.78 2.21 (0.18) 2.22 (0.21) —92.2 —2.64 —25.35
2MASS J00512646—1053170 00:51:26.50 —10:53:17.3 10.85 0.26 (0.00) 0.26 (0.00) 56.5 —32.03 —181.34
2MASS J00524174—0902235 00:52:41.76 —09:02:24.0 11.03 1.58 (0.09) 1.52 (0.10) —238.1 —15.59 —24.72
2MASS J00532781—0253169 00:53:27.81 —02:53:16.9 10.39 2.91 (0.97)** 2.76 (0.73)* —195.3 18.03 —16.96
2MASS J00541965—-0611555 00:54:19.65 —06:11:55.5 13.01 4.33 (0.68) 4.31 (1.19)* —131.5 8.07 —5.92
HE 0057—-4541 00:59:59.28 —45:24:53.6 14.90 5.57 (0.71) 6.49 (1.75)* 13.4 8 0.16 —12.66
BPS CS 22953—-0003 01:02:15.86 —61:43:45.8 13.69 3.79 (0.20) 3.96 (0.35) 209.0 © —3.82 —15.77
BPS CS 22183—-0031 .08 —04:43:21.2 13.58 2.53 (0.19) 2.51 (0.34) 8.0 © 21.52 —9.34
2MASS J01094330—-5907230 .30 —59:07:23.0 12.22 3.14 (0.22) 3.14 (0.29) 60.9 15.59 —10.68
2MASS J01165010—6307441 .16 —63:07:44.4 11.66 1.37 (0.04) 1.39 (0.05) 122.7 42.58 —13.24
2MASS J01202234—5425582 01:20:22.30 —54:25:58.2 12.62 1.42 (0.04) 1.44 (0.07) 68.7 33.02 3.87
2MASS J01213447—2528002 01:21:34.47 —25:28:00.2 11.72 4.87 (0.74) 4.67 (0.84) 19.6 8.08 —14.14
2MASS J01293113—-1600454 01:29:31.10 —16:00:45.5 11.63 1.87 (0.16) 1.77 (0.17) 139.1 11.74 —42.71
2MASS J01311599—-4016510 .99 —40:16:51.0 11.10 2.18 (0.14) 2.20 (0.17) —58.2 8.77 —26.32
2MASS J01321981—-3040512 01:32:19.81 —30:40:51.2 10.73 0.46 (0.01) 0.46 (0.01) —98.0 38.82 —77.41
2MASS J01371888—1729037 01:37:18.88 —17:29:03.7 9.75 2.10 (0.24) 2.16 (0.27) —209.9 6.22 —25.56
2MASS J01373857—2618131 01:37:38.57 —26:18:13.1 11.40 1.95 (0.13) 1.94 (0.16) —92.0 6.91 —15.11
2MASS J01425422—-5032488 01:42:54.20 —50:32:48.9 11.32 0.66 (0.01) 0.67 (0.01) 157.6 60.70 —100.94
2MASS J01425445—-0904162 01:42:54.45 —09:04:16.2 9.56 1.38 (0.11) 1.39 (0.14) —64.8 4.49 —20.75
2MASS J01493760—4551222 01:49:37.60 —45:51:22.2 10.38 1.39 (0.05) 1.40 (0.06) 70.1 51.07 —5.10
2MASS J01530024—3417360 :00.20 —34:17:36.1 9.53 0.30 (0.00) 0.30 (0.00) 22.7 22.19 —212.06
2MASS J01553180—-4919420 :31.80 —49:19:41.8 12.74 1.60 (0.07) 1.61 (0.12) 130.8 h 24.27 24.76
2MASS J01555066—6400155 :50.70 —64:00:15.7 12.65 4.34 (0.45) 4.14 (0.57) 240.0 11.47 —11.28

Table 1 continued
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Table 1 (continued)

Name RA DEC V mag dGaia (€rr) dgy (err) Rad Vel PMRA PMpEC

(32000) (32000) (kpc) (kpc) (km s~ 1) (mas yr=1) (mas yr—1)
2MASS J01565634—1402108 01:56:56.34 —14:02:10.8  12.20 4.13 (0.72) 4.17 (1.00)* 147.1 11.30 —4.63
BPS CS 22958—0037 01:58:39.90 —57:03:27.1  14.88 8.81 (1.60) 8.58 (1.59) 203.0 © 6.57 4.15
2MASS J02031860—7930291 02:03:18.60 —79:30:29.2  14.06 8.01 (0.92) 8.05 (1.67)* 23.3 2 3.55 0.62
2MASS J02070641—5009166 02:07:06.41 —50:09:16.6  11.19 4.04 (0.47) 4.30 (0.65) 109.5 10.12 3.85
BPS CS 229580052 02:12:47.90 —56:29:09.0  14.19 1.11 (0.02) 1.11 (0.04) 99.0 © 37.37 9.32
HD 13979 02:15:20.89 —25:54:55.6 9.13 0.72 (0.02) 0.72 (0.02) 52.7 29.55 —48.57
2MASS J02165716—7547064 02:16:57.20 —75:47:06.6  11.92 4.23 (0.38) 4.19 (0.50) —6.1 —3.37 1.65
2MASS J02230804—3129531 02:23:08.04 —31:29:53.1  11.47 2.43 (0.17) 2.44 (0.20) 61.9 0.62 —14.39
2MASS J02265832—0749596 02:26:58.32 —07:49:59.6  10.44 0.53 (0.01) 0.53 (0.02) —40.7 58.01 —12.73
2MASS J02274104—0519230 02:27:41.04 —05:19:23.0  11.45 3.60 (0.81)* 3.83 (1.04)* —294.5 6.91 —5.98
2MASS J02355867 — 6745520 02:35:58.70 —67:45:51.9  11.96 3.72 (0.33) 3.64 (0.43) 107.8 10.32 —1.19
2MASS J02413897—0427349 02:41:38.97 —04:27:34.9  10.55 2.80 (0.31) 2.77 (0.33) —163.6 11.26 —26.76
HE 0240—0807 02:42:57.73 —07:54:35.4  15.07 10.41 (4.75)%* —98.8 8 1.58 —2.16
BD+42:621 02: .47 442:43:28.8  10.36 0.36 (0.01) 0.36 (0.01) 7.68 —5.22
2MASS J02462013—1518419 02:46:20.10 —15:18:41.9  12.41 3.52 (0.57) 3.06 (0.81)* 278.2 1 24.39 —11.61
SMSS J024858.41—684306.4 02:48:58.43 —68:43:06.4  14.19 3.10 (0.15) 3.06 (0.26) —239.2 @ —5.10 —8.60
2MASS J02500719—5145148 02: .20 —51:45:15.1  12.49 5.37 (0.64) 5.33 (0.99) 310.9 —1.79 —0.79
2MASS J02515281 3717316 02: .81 —37:17:31.6  10.39 2.49 (0.25) 2.46 (0.30) 36.9 9.28 —10.69
2MASS J02570028 —3024374 02: .28 —30:24:37.4  10.30 0.85 (0.03) 0.86 (0.04) 104.9 33.18 —25.51
BPS CS 31078—-0018 03:01:00.70 406:16:31.9  13.17 1.43 (0.06) 1.45 (0.10) 81.7 17.35 —10.22
HE 0300—0751 03:03:04.08 —07:39:42.5  16.25 12.40 (3.62)* 155.5 & 7.24 —5.69
2MASS J03071478 —0534554 03:07:14.78 —05:34:55.4  11.69 3.58 (0.62) 3.38 (0.72)* —93.6 8.92 —9.14
2MASS J03073894—0502491 03:07:38.93 —05:02:49.1  13.01 10.13 (1.93) —61.4 0.40 —3.53
2MASS J03084611—4747083 03:08:46.11 —47:47:08.3  14.55 8.72 (1.47) 8.71 (2.52)* 2.9 2 0.86 —5.96
2MASS J03133726—1020553 .26 —10:20:55.3  12.07 2.45 (0.26) 2.35 (0.37) 222.2 23.27 —11.51
2MASS J03154102— 7626329 .04 —76:26:32.8 11.41 2.75 (0.16) 2.77 (0.19) 255.7 7.29 19.05
HE 031540000 .01 400:11:04.6  15.53 18.45 (19.85)** 10.19 (4.33)** —120.8 8 3.57 —0.22
BPS CS 22968—0026 70 —55:38:15.2  14.17 1.13 (0.02) 1.14 (0.04) 80.0 © 19.51 —50.84
2MASS J03210882—3944213 03:21:08.82 —39:44:21.3  10.81 2.52 (0.17) 2.53 (0.20) 96.1 18.33 —22.92
2MASS J0327022940132322 .40 401:32:31.2  12.10 1.10 (0.05) 1.11 (0.07) 183.1 —19.60 —41.60
BPS CS 295260110 .63 —23:00:30.0 13.34 0.73 (0.01) 0.73 (0.02) 208.3 J 28.33 —90.46
HE 0328—1047 .37 —10:37:10.1  14.35 4.18 (0.53) 4.75 (1.44)%* —58.0 © 11.53 —16.09
CD—24:1782 .58 —24:02:52.2 9.88 0.46 (0.01) 0.46 (0.01) 102.0 80.64 —124.35
HE 0337—5127 03:39:13.14 —51:18:16.3  15.73 4.74 (0.60) 5.59 (1.59)* 75.4 & 6.74 0.22
2MASS J03422816 6500355 03:42:28.16 —65:00:35.5  11.02 1.12 (0.03) 1.14 (0.03) 110.6 16.11 —12.92
SMSS J034249.53—284216.0 03:42:49.53 —28:42:16.0  14.47 9.06 (1.77) 9.71 (2.09)* 159.7 & 2.00 —0.98
HE 0341-4024 03:43:08.19 —40:15:29.5  13.62 0.61 (0.01) 0.62 (0.01) 211.8 8 73.46 —5.64
2MASS J03434624—0924169 .24 —09:24:16.9  12.07 3.88 (0.55) 3.71 (0.73) 255.6 9.96 —2.07
2MASS J03550926—0637108 .26 —06:37:10.8  12.04 2.42 (0.24) 2.24 (0.29) 181.9 14.17 —8.09
2MASS J03563703 5838281 .00 —58:38:28.1  11.46 7.26 (1.66)* 6.07 (0.63) 157.2 7.19 1.04
BPS CS 30494—0003 .03 —21:06:48.0  12.36 1.30 (0.05) 1.30 (0.07) —47.5 19.49 —12.12
BPS CS 29529—0054 .87  —62:10:08.9  14.82 0.97 (0.02) 0.97 (0.03) 111.0 © 28.70 —28.62
2MASS J04012191—2635058 .91 —26:35:05.8  10.57 1.19 (0.04) 1.20 (0.05) 3.8 29.19 —40.55
RAVE J040618.2—030525 .28 —03:05:25.0  12.19 1.05 (0.05) 1.05 (0.06) 355.3 42.58 —13.11
2MASS J04121388—1205050 .90 —12:05:05.1  12.88 4.06 (0.63) 3.93 (1.00)* 15.9 7.99 —4.90
BPS CS 22186—0005 .06 —35:50:38.7  12.93 2.81 (0.15) 2.92 (0.32) 183.0 © 19.09 2.54
BPS CS 22186—0002 04:13:57.22 —36:46:25.5  13.19 1.01 (0.02) 1.02 (0.03) 341.8 b 49.80 —0.91
2MASS J04182158 2323391 04:18:21.58 —23:23:39.1  10.06 1.85 (0.10) 1.84 (0.11) 53.7 11.14 —23.82
2MASS J04192966—0517491 04:19:29.66 —05:17:49.1  12.11 3.82 (0.51) 3.54 (0.60) 125.0 12.03 —8.17
BPS CS 221860023 04:19:45.54 —36:51:35.9  12.89 3.14 (0.19) 3.10 (0.21) 51.0 © 8.47 —2.00
BPS CS 22182—0033 04:23:10.48 —30:37:04.2  14.63 1.76 (0.06) 1.76 (0.13) 237.0 © 33.68 —6.79
HE 042040123a .58 401:30:48.0  11.43 1.06 (0.05) 1.09 (0.06) —55.3 33.26 —21.42
BPS CS 22186—0025 .80 —37:09:02.6  14.21 6.66 (0.67) 6.53 (1.39)* —122.3 K 2.70 —3.49
2MASS J04245677—6500173 04:24:56.77 —65:00:17.4  11.63 5.24 (0.63) 5.53 (0.82) 183.8 4.30 2.48
2MASS J04263084—4058516 04:26:30.84 —40:58:51.6  12.11 4.08 (0.33) 4.05 (0.43) 121.1 3.30 —4.06
HE 0430—4901 15 —48:54:41.4  14.62 2.36 (0.09) 2.46 (0.21) 208.7 8 7.28 4.82
2MASS J04315411—0632100 .11 —06:32:10.0  11.28 0.63 (0.01) 0.63 (0.02) 217.9 47.80 —103.59
HE 0432—0923 04:34:25.68 —09:16:50.6  15.22 6.27 (1.27)* 6.81 (2.85)%* —66.5 & 4.17 —2.51
HE 0442—1234 04:44:51.71 —12:28:45.7  12.89 5.90 (1.17) 5.27 (1.40)* 231.8 7.92 —11.73
BPS CS 22191-0029 04:47:42.48 —39:07:26.4  14.02 5.97 (0.58) 6.00 (0.70) 70.0 © 10.51 1.86
2MASS J04520910—6209121 04:52:09.10 —62:09:12.1  10.09 1.45 (0.05) 1.45 (0.06) 166.5 40.39 5.79
2MASS J04530168—2437144 04:53:01.68 —24:37:14.4  11.78 4.96 (0.73) 4.75 (0.79) 183.0 21.71 —11.92
2MASS J04565146—3115427 04:56:51.46 —31:15:42.7 9.24 1.94 (0.09) 1.97 (0.11) 254.7 11.42 —9.56
2MASS J05030025— 7601462 05:03:00.30 —76:01:46.3  13.72 7.24 (0.73) 7.05 (1.14) 214.1 B 7.69 3.14
SMSS J051008.62—372019.8 .63 —37:20:19.7  12.85 1.04 (0.03) 1.05 (0.05) 370.9 11.82 —23.44
HE 0512—3835 .50 —38:31:54.6  15.10 11.42 (2.86)* 11.62 (3.23)* 276.2 & 3.02 —0.89
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Table 1 (continued)

Name RA DEC V mag dGaia (€rr) dgy (err) Rad Vel PMRA PMpEC

(32000) (32000) (kpc) (kpc) (km s~ 1) (mas yr=1) (mas yr—1)
HE 0516—3820 05:18:12.93 —38:17:32.7  14.35 2.94 (0.15) 3.03 (0.28) 153.5 & 3.80 —0.34
2MASS J05241392—0336543 05:24:13.93 —03:36:54.3  13.91 13.08 (4.49)**  12.70 (2.98)* 101.1 0.13 —1.60
HE 0524—2055 05:27:04.45 —20:52:42.1  14.09 7.92 (1.14) 7.72 (2.04)% 255.3 8 1.30 —0.43
2MASS J05311779—5810048 05:31:17.79 —58:10:04.8  12.45 1.34 (0.03) 1.35 (0.05) 135.3 21.96 21.16
HE 0534—4615 05:35:52.96 —46:13:35.8  15.06 2.12 (0.10) 2.21 (0.27) 280.4 8 7.35 14.30
2MASS J05381700—7516207 05:38:17.00 —75:16:20.7 11.18 1.58 (0.06) 1.58 (0.07) 47.7 13.64 17.55
2MASS J05383296 —5904280 05:38:32.96 —59:04:28.0 9.73 1.08 (0.03) 1.08 (0.03) 197.3 —5.43 15.13
2MASS J05384334—5147228 05:38:43.40 —51:47:23.0  13.02 3.40 (0.29) 3.23 (0.31) 189.7 b 13.10 —3.45
HE 0538—4515 05:39:46.15 —45:13:33.0  15.68 1.50 (0.06) 1.53 (0.11) 59.2 8 10.67 6.03
2MASS J05521578—3953184 05:52:15.78 —39:53:18.4  11.54 2.43 (0.33) 2.33 (0.36) 103.8 4.29 —7.31
2MASS J05564771—6639054 05:56:47.71 —66:39:05.4 9.97 1.31 (0.04) 1.31 (0.05) 203.5 12.85 35.88
2MASS J06090353 7122260 06:09:03.53 —71:22:26.0 11.16 2.62 (0.19) 2.62 (0.23) 190.5 19.50 10.40
2MASS J06195001—5312114 06:19:50.01 —53:12:11.4  11.35 0.61 (0.01) 0.61 (0.01) 131.3 ! —25.63 —23.95
SMSS J062609.83—590503.2 .83 —59:05:03.0  14.54 4.09 (0.28) 4.13 (0.69) —110.0 @ 2.07 2.14
2MASS J06290787—6709523 06:29:07.87 —67:09:52.3  12.43 5.40 (0.75) 4.93 (0.87) 60.8 1 4.93 4.76
2MASS J06320130—2026538 06:32:01.30 —20:26:53.8 9.96 0.51 (0.01) 0.52 (0.01) 109.4 35.07 15.65
2MASS J06332771—3519240 06:33:27.71 —35:19:24.0  11.49 0.72 (0.01) 0.72 (0.02) 186.7 47.71 —85.35
SMSS J063447.15—622355.0 .15 —62:23:54.9  13.50 8.06 (0.99) 7.70 (1.76)* —239.7 @ 1.15 1.39
2MASS J06392518—7414056 .20 —74:14:05.6  12.50 1.42 (0.04) 1.43 (0.06) 106.0 10.65 8.28
2MASS J06401317—3540444 06:40:13.17 —35:40:44.4  12.10 1.07 (0.03) 1.07 (0.04) 139.4 35.52 —17.12
2MASS J07052028 — 3343242 07:05:20.28 —33:43:24.2  11.68 1.74 (0.06) 1.74 (0.09) 401.2 —2.54 17.72
2MASS J07150266—0154092 07:15:02.68 —01:54:09.1  12.58 1.77 (0.15) 1.87 (0.17) 8.7 —2.98 0.56
2MASS J07161594—5135248 07:16:15.94 —51:35:24.8 9.81 1.39 (0.05) 1.40 (0.06) 311.3 2.02 0.63
2MASS J07202253 3358518 07:20:22.53 —33:58:51.8  10.79 1.10 (0.03) 1.10 (0.04) 76.3 90.17 —7.74
2MASS J07250021—7022038 .20 —70:22:04.1  13.49 3.77 (0.18) 3.64 (0.33) 269.0 b 6.16 —3.60
2MASS J07352232—4425010 .32 —44:25:01.0  10.74 0.49 (0.00) 0.49 (0.01) 178.7 78.64 —77.13
2MASS J07393021—5548171 21 —55:48:17.1 9.50 2.04 (0.12) 2.06 (0.15) 333.0 —5.18 9.18
BD—01:1792 07:39:50.30 —01:31:24.2 9.21 0.19 (0.00) 0.19 (0.00) 49.0 186.38 —244.52
2MASS J07411443—4339360 07:41:14.43 —43:39:36.0  11.17 0.76 (0.02) 0.76 (0.02) 475.3 39.32 58.45
RAVE J074824.3—483141 .34 —48:31:40.1  11.26 1.71 (0.10) 1.69 (0.13) 315.1 2.42 28.48
2MASS J07501424—4123454 .24 —41:23:45.4  11.04 1.02 (0.04) 1.03 (0.05) 398.9 —18.28 36.26
2MASS J08015897 5752032 .97 —57:52:03.2  10.25 1.69 (0.07) 1.69 (0.09) 140.5 —8.93 37.69
2MASS J08025449 —5224304 08:02:54.40 —52:24:30.0  12.40 4.47 (0.44) 4.35 (0.48) 137.1 —0.31 —1.31
2MASS J08032084—5856521 08:03:20.84 —58:56:52.1  11.21 0.55 (0.01) 0.55 (0.01) 128.2 —8.71 —6.44
2MASS J08134364—2332528 08:13:43.64 —23:32:52.8  11.03 2.16 (0.16) 2.16 (0.18) 130.6 —7.73 —9.01
2MASS J08155667 —2204105 08:15:56.67 —22:04:10.5  11.38 1.69 (0.09) 1.69 (0.11) 265.9 —15.42 —17.62
2MASS J08393460—2122069 08:39:34.60 —21:22:06.9  10.50 1.37 (0.07) 1.39 (0.08) 142.1 4.96 —39.21
2MASS J08580584—0809174 08:58:05.84 —08:09:17.4  10.28 1.82 (0.30) 1.75 (0.34) 170.1 —2.44 8.89
2MASS J08594093—1415151 .93 —14:15:15.1  11.93 2.67 (0.24) 2.68 (0.29) 384.8 —3.25 —0.96
2MASS J09185890—2311511 .90 —23:11:51.1  11.84 3.78 (0.61) 3.51 (0.66) 306.0 —10.44 13.04
2MASS J09255655—3450373 09:25:56.55 —34:50:37.3  11.45 2.75 (0.21) 2.76 (0.24) 209.3 3.48 —14.28
2MASS J09261133—1526232 09:26:11.33 —15:26:23.2  10.70 1.16 (0.05) 1.15 (0.06) 387.7 —38.80 1.95
2MASS J09284944 —0738585 .44 —07:38:58.5  11.06 1.82 (0.19) 1.84 (0.22) 131.2 —8.47 —1.52
2MASS J09364069 —2038386 .69 —20:38:38.6  10.42 1.71 (0.12) 1.71 (0.16) 275.3 11.20 —28.11
2MASS J09463483 — 0626532 .83 —06:26:53.2  12.32 4.47 (0.72) 4.37 (0.98)* 320.2 —2.43 —2.26
2MASS J0953132240744515 .23 407:44:51.7  13.69 ... 10.37 (3.53)%* 319.7 1 —2.08 —2.89
2MASS J0954427745246414 09:54:42.27 +52:46:41.4  10.09 2.78 (0.28) 2.99 (0.37) —69.1 —17.90 —26.91
2MASS J09574607 —3923072 09:57:46.07 —39:23:07.2  11.09 1.75 (0.09) 1.79 (0.12) 128.3 —17.50 0.21
2MASS J09580181—1446137 09:58:01.81 —14:46:13.7  12.12 2.31 (0.21) 2.24 (0.30) 374.9 —1.25 5.17
2MASS J10025125—4331098 10:02:51.25 —43:31:09.8  13.23 4.51 (0.56) 4.30 (0.79) 240.1 —4.34 —4.23
2MASS J10044858 —2706500 10:04:48.58 —27:06:50.0  11.84 2.45 (0.36) 2.33 (0.47)* 257.0 ! 6.58 —3.36
2MASS J10063414—7030212 .10 —70:30:21.3  13.83 3.18 (0.14) 3.32 (0.20) 135.9 b —11.75 1.62
2MASS J10082492—2314124 92 —23:14:12.4  10.88 1.39 (0.09) 1.39 (0.11) 133.9 —16.34 8.04
BPS BS 15621—0047 :34.97 425:59:27.4  13.80 1.28 (0.09) 1.32 (0.15) —49.5 ¢ —0.29 —9.04
2MASS J10121964—3221347 :19.64 —32:21:34.7  11.09 4.25 (0.68) 4.05 (0.66) 365.5 —9.95 2.32
2MASS J10191573—1924464 :15.73  —19:24:46.4  11.26 2.76 (0.35) 2.69 (0.40) 86.0 —4.97 —2.07
2MASS J10194932—4900584 :49.32  —49:00:58.4  11.77 1.84 (0.10) 1.85 (0.13) 260.2 —33.15 17.12
2MASS J10223779—3400209 :37.79  —34:00:20.9 9.95 0.55 (0.01) 0.55 (0.01) 264.6 —56.69 —28.44
2MASS J10302845—7543299 :28.45 —75:43:29.9  11.49 2.12 (0.10) 2.12 (0.13) 269.5 2.39 2.25
2MASS J10344785—4823544 :47.85 —48:23:54.4  11.61 1.43 (0.07) 1.46 (0.07) 275.5 19.76 —0.21
2MASS J10345348—1117221 :53.48 —11:17:22.1  10.88 2.58 (0.04) 185.1 —12.77 —6.42
2MASS J10362687 3746174 :26.87 —37:46:17.4  11.07 3.09 (0.26) 3.15 (0.36) 147.3 —0.30 —5.45
2MASS J10401894—4106124 :18.94 —41:06:12.4  11.30 1.35 (0.05) 1.34 (0.05) —31.6 —28.57 —24.53
HE 1044—2509 :16.48 —25:25:18.4  14.38 3.53 (0.39) 3.72 (1.07)* 386.7 & 3.41 —7.29
2MASS J10492192—1154173 :21.92 —11:54:17.3  13.12 1.50 (0.08) 1.53 (0.14) 174.9 1 —15.43 —16.45
2MASS J10513692—2115466 :36.92 —21:15:46.6  11.53 3.43 (0.42) 3.42 (0.46) 121.8 —6.54 —4.69
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Table 1 (continued)

Name RA DEC V mag dGaia (€rr) dgy (err) Rad Vel PMRA PMpEC

(32000) (32000) (kpc) (kpc) (km s~ 1) (mas yr=1) (mas yr—1)
SMSS J105320.99—435300.1 :20.98 —43:53:00.0  13.94 2.40 (0.10) 2.50 (0.20) —282.1 @ 17.46 —4.59
J10544-0528 :33.10 +05:28:12.7  12.88 3.72 (0.54) 3.13 (0.68)* 82.6 —8.68 —4.18
2MASS J10550658+ 1931580 :06.59  +19:31:57.9 . 9.86 (3.78)%* 5.55 (1.18)* 27.7 1.80 —5.19
2MASS J10594136—2052253 :41.36  —20:52:25.3  10.94 3.74 (0.60) 3.78 (0.70) 176.9 0.34 —4.21
2MASS J11014865—3749526 :48.65 —37:49:52.6  10.99 3.66 (0.40) 3.50 (0.51) 260.2 4.28 —8.55
LAMOST J1109014-075441 :01.22  +07:54:41.8  12.38 7.95 (2.80)%* 5.93 (1.46)* —98.6 2.01 —9.15
2MASS J11165400—7250160 11:16:54.00 —72:50:16.0  11.43 4.18 (0.50) 3.89 (0.44) 209.6 —3.74 —3.65
LAMOST J112456.614+453531.  11:24:56.61 +45:35:31.0  13.96 8.96 (1.81)* 8.61 (2.18)* 54.8 ™ —0.86 —6.78
HE 1127—1143 11:29:50.63 —12:00:12.7  15.99 8.58 (5.05)%* 9.64 (4.18)%* 228.5 & 0.10 —4.82
2MASS J11301705—1449325 11:30:17.05 —14:49:32.5  11.65 1.25 (0.11) 1.37 (0.17) —24.3 —27.53 —12.13
2MASS J1130369340224037 11:30:36.94 +02:24:03.7  12.41 4.66 (1.15)* 4.20 (1.30)** 178.4 —8.58 —5.81
HE 113140141 11:34:32.13  +01:24:41.7  16.16 9.53 (6.16)** 10.89 (4.71)%* 267.7 8 —7.13 —6.18
2MASS J11370170—5401298 11:37:01.70 —54:01:29.8  10.82 3.07 (0.34) 3.10 (0.42) 112.8 1.68 2.63
2MASS J11404726—0833030 —08:33:03.0  10.55 0.77 (0.05) 0.78 (0.07) 161.0 —25.00 —33.92
2MASS J11404944—1615396 —16:15:39.6  10.60 2.33 (0.40) 2.31 (0.50)* 175.6 —23.72 —17.56
BD+26:2251 +25:32:11.0 0.14 (0.00) 0.14 (0.00) 198.7 —518.65 —44.82
2MASS J11444086—0409511 —04:09:51.1  11.06 2.73 (0.43) 2.71 (0.53) 291.5 —21.68 —35.21
2MASS J11444480— 1128167 —11:28:16.7 9.80 0.35 (0.00) 0.35 (0.00) 163.2 —190.27 —40.46
2MASS J11463882—0422395 —04:22:39.5  11.46 4.71 (1.13)* 4.69 (1.10)* 186.6 —5.17 —5.01
2MASS J1147102740341265 11:47:10.26 +03:41:26.6  12.64 3.60 (0.66) 3.45 (0.91)* 241.6 —23.01 —18.55
2MASS J11472988—0521444 11:47:29.88 —05:21:44.4  10.98 2.20 (0.23) 2.17 (0.26) 166.9 —34.47 4.53
2MASS J11510227 6940416 11:51:02.28 —69:40:41.6  11.89 3.61 (0.32) 3.62 (0.41) 220.4 —4.10 2.14
HD 103095 11:53:04.00 +37:41:37.1 6.38 0.01 (0.00) 0.01 (0.00) —97.7 4002.57 —5817.86
2MASS J11543613—0133450 11:54:36.13 —01:33:45.1  11.21 1.94 (0.33) 1.72 (0.40)* 70.0 —51.39 —4.55
RAVE J115941.7—382043 11:59:41.68 —38:20:42.6  12.25 0.88 (0.03) 0.88 (0.05) 50.3 —3.97 —1.98
2MASS J12044314—2911051 —29:11:05.1 9.21 1.82 (0.13) 1.85 (0.16) 25.1 —32.98 —7.64
2MASS J12045624—0759232 —07:59:23.2  12.92 9.04 (2.49)* 387.2 —5.93 —4.25
2MASS J12070990 — 3653243 —36:53:24.3  10.11 2.45 (0.24) 2.49 (0.29) 139.2 —16.80 —17.11
2MASS J12091322—1415313 12:09:13.22 —14:15:31.3  10.73  2.36 (0.37) 2.44 (0.51)* 269.5 2.97 —12.94
2MASS J12102259—4902190 12:10:22.59 —49:02:19.0  10.30 1.15 (0.05) 1.16 (0.05) 247.9 17.60 —32.36
HD 106373 —28:15:06.2 8.86 0.68 (0.02) 0.68 (0.02) 84.3 —105.83 22.03
HE 1212—0127 —01:43:54.8  15.90 ... 12.81 (5.34)%* 279.4 & —1.71 —0.47
HE 1214—1819 12:17:01.57 —18:35:54.7  15.38 14.02 (9.71)**  8.23 (3.37)** 180.0 —1.27 —3.92
2MASS J1217082940415146 12:17:08.28 +04:15:14.5  14.19 ... 13.58 (4.35)%* 282.4 B —1.55 —2.08
2MASS J12203297+0257138 12:20:32.98 402:57:13.9  13.95 10.09 (3.31)**  9.39 (3.28)** 136.2 B —0.23 —2.23
HE 1219—0312 12:21:34.14 —03:28:39.8  16.00 6.64 (2.54)** 9.68 (4.31)%* 163.6 & —2.81 —8.80
HD 107752 12:22:52.67 +11:36:24.9 9.95 1.28 (0.07) 1.29 (0.08) 219.6 —46.44 —36.53
2MASS J12233047—4216365 12:23:30.50 —42:16:36.6  12.49 5.24 (1.08)* 4.58 (1.04)* 114.2 —14.54 0.16
2MASS J12255123—2351074 —23:51:07.6  13.81 3.83 (0.56) 4.04 (1.16)* 106.3 B 0.00 2.49
HD 108317 +05:18:08.7 7.98 0.20 (0.00) 0.19 (0.00) 8.9 —165.68 —22.55
HD 108577 12:28:16.78 +12:20:40.4 9.54 0.86 (0.04) 0.86 (0.04) —110.1 —179.39 —45.84
2MASS J12292696 —0442325 12:29:26.96 —04:42:32.5  11.07 4.80 (1.23)* 4.28 (0.84) 147.1 —17.48 —17.36
HE 1226—1149 —12:06:14.1  14.66 6.36 (1.23) 6.37 (1.60)* 99.1 © —0.05 4.37
2MASS J12341308—3149577 —31:49:57.7  10.15 1.24 (0.06) 1.24 (0.07) 207.2 —13.31 —51.41
2MASS J1235173440945333 12:35:17.35 +09:45:33.3  13.01 ... 9.72 (2.42)* —17.9 —2.60 —1.42
RAVE J123550.1—313111 12:35:50.14 —31:31:11.4  10.68 0.93 (0.12) 0.98 (0.09) 200.2 9.06 —9.36
2MASS J12405721—4051430 12:40:57.21 —40:51:43.0  11.21 0.74 (0.03) 0.74 (0.04) 248.0 2.80 —25.53
HE 1247—2114 12:50:05.11 —21:30:47.6  15.08 11.66 (4.93)**  8.91 (3.63)** 75.7 & —1.74 —7.21
2MASS J12503987—0307485 12:50:39.87 —03:07:48.5  12.82 1.23 (0.06) 1.25 (0.09) 396.1 —46.59 —41.05
2MASS J12535742—3801355 12:53:57.42 —38:01:35.5  10.92 1.75 (0.21) 1.79 (0.26) 174.2 1 —32.90 —55.88
2MASS J12563137—0834098 12:56:31.37 —08:34:09.8  10.87 5.83 (2.01)** 4.57 (0.62) 104.7 —10.76 —8.57
2MASS J12571667—4335318 —43:35:31.8  10.40 0.99 (0.04) 0.99 (0.04) 137.5 —10.69 1.15
HE 1256—0228 —02:44:17.6  16.01 5.23 (1.49)* 11.18 (6.31)%* 30.4 8 —2.05 —4.08
2MASS J12591462—7049592 12:59:14.60 —70:49:59.0  12.44 5.76 (0.88) 5.47 (0.75) 202.7 —8.45 —1.08
BPS BS 16929—0005 :20.48  +33:51:09.1  13.62 2.77 (0.16) 2.77 (0.29) —49.0™ —10.93 —4.16
2MASS J13052137—1137220 :21.30 —11:37:22.0  13.37 5.66 (0.94) 5.74 (1.49)* 050 —2.89 —10.77
RAVE J130524.5—393126 :24.51 —39:31:25.8  12.80 2.17 (0.23) 2.42 (0.29) 269.0 ! —13.42 —6.82
2MASS J13085850—2712188 :58.50 —27:12:18.8  13.00 8.12 (4.61)** 5.90 (2.55)%* 114.1 —3.74 —4.59
2MASS J13101305—3342369 13:10:13.05 —33:42:36.9  10.87 1.99 (0.14) 2.02 (0.17) 31.6 —12.40 —6.48
HE 1311—1412 13:13:41.99 —14:28:24.7  14.05 12.13 (4.30)**  8.50 (2.84)** 207.0 @ —7.44 —4.97
BPS CS 22877-0015 13:13:45.26 —9:15:403.1  13.21 0.66 (0.01) 0.66 (0.02) 97.0 © —42.55 —35.27
HD 115444 13:16:42.47 +36:22:51.8 8.92 0.80 (0.03) 0.80 (0.03) —27.5 4.56 —60.45
2MASS J13164824—2743351 13:16:48.20 —27:43:35.2  11.48 1.41 (0.09) 1.44 (0.08) 68.1 —60.60 —4.29
BPS BS 16033—0081 13:19:12.47 422:27:57.5  13.33  5.23 (0.57) 5.27 (0.91) —102.0 © —9.10 —9.61
2MASS J13214178—4320055 —43:20:05.5  11.40 1.75 (0.13) 1.76 (0.18) 202.3 —16.35 —1.30
HE 1320—1339 13:22:44.09 —13:55:31.4  10.63 1.61 (0.12) 1.63 (0.14) 173.9 —23.02 2.72
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Table 1 (continued)

Name RA DEC V mag dGaia (€rr) dgy (err) Rad Vel PMRA PMpEC

(32000) (32000) (kpc) (kpc) (km s~ 1) (mas yr=1) (mas yr—1)
2MASS J13254554— 1747547 :45.54 —17:47:54.7  10.84 3.00 (0.39) 3.15 (0.48) 17.4 —27.85 —15.78
2MASS J13260450—1525020 :04.50 —15:25:02.0  11.46 2.09 (0.18) 2.12 (0.22) —22.6 —8.17 —6.41
2MASS J13261792—0945176 :17.92  —09:45:17.7  13.28 4.20 (0.44) 4.11 (0.73) 108.9 b —12.95 —10.04
2MASS J13315746—1929446 :57.46  —19:20:44.6  10.62 0.71 (0.04) 0.73 (0.05) —0.6 —35.06 —12.27
2MASS J13330890 4654079 :08.90 —46:54:07.9  12.54 4.53 (1.08)* 4.25 (1.18)* —15.9 P —6.02 —5.02
HD 118055 :39.88 —16:19:22.9 8.86 1.39 (0.12) 1.43 (0.15) —101.5 —24.14 —14.12
2MASS J13351401—0110524 13:35:14.01 —01:10:52.4  11.88 4.84 (2.27)%* 3.62 (1.26)%* 104.4 4.89 —10.49
SMSS J133532.32—210632.9 13:35:32.31 —21:06:33.0  13.79 5.67 (0.83) 5.01 (1.32)* 182.9 & —9.30 —7.47
2MASS J13374885—0826176 13:37:48.85 —08:26:17.6  11.51 6.45 (1.82)% 5.78 (0.81) 4.8 —17.30 —2.11
2MASS J13425404—0717005 13:42:54.04 —07:17:00.5  12.04 7.50 (2.10)* 6.55 (1.28) 149.7 2.42 2.49
HD 119516 13:43:26.67 +15:34:30.8 9.03 0.54 (0.01) 0.54 (0.01) —284.7 —50.10 —14.91
BPS BS 16089—-0013 13:49:21.96 +35:44:50.3  13.30 4.16 (0.31) 3.89 (0.50) —257.1 9 —3.89 —15.04
2MASS J13494713—7423395 13:49:47.13 —74:23:39.5  12.44 2.87 (0.19) 2.93 (0.26) 196.3 —8.39 —8.71
2MASS J13511539 7340363 .41 —73:40:36.2  13.15 1.39 (0.05) 1.40 (0.08) 391.5 8.93 13.91
2MASS J1352483541254216 35 4+12:54:21.4  12.86 6.55 (1.69)* 5.42 (1.29)* —85.2 0.25 —10.19
2MASS J14004919+4551581 14:00:49.20 +45:51:58.1  12.87 4.95 (0.60) 4.69 (0.78) 128.2 —15.55 4.97
HD 122563 :31.65 +09:41:08.9 6.14 0.29 (0.01) 0.29 (0.01) —26.2 —189.68 —70.32
2MASS J14032900—5250429 :20.00 —52:50:42.9  10.61 0.37 (0.01) 0.37 (0.01) 115.7 —82.64 —43.97
2MASS J1404376240011117 :37.62  +00:11:11.7  12.73 5.42 (1.41)* 4.92 (1.64)** —10.9 —12.10 —1.89
HD 122956 14:05:12.92 —14:51:26.1 7.19 0.37 (0.01) 0.37 (0.01) 165.6 —94.12 —44.05
2MASS J14100568—0701443 14:10:05.70 —07:01:44.4  13.26 10.46 (6.58)**  7.40 (3.21)** 259.9 —6.33 —1.53
2MASS J14101587—0343553 14:10:15.87 —03:43:55.3  12.06 1.20 (0.05) 1.20 (0.06) 69.2 1.57 —29.63
2MASS J14155955—3219255 14:15:59.55 —32:19:25.5  11.47 5.02 (1.06)* 5.02 (0.88) —167.4 —10.74 —7.05
2MASS J14164084—2422000 :21:59.9  10.84 2.70 (0.30) 2.77 (0.42) 0.6 —12.64 —5.74
2MASS J14180866 — 2842077 :42:07.7  10.71 2.37 (0.27) 2.41 (0.34) 172.8 —1.18 —20.45
2MASS J14191395—0844410 :44:41.0  10.71 1.29 (0.06) 1.28 (0.08) —2.8 —27.32 3.99
BD401:2916 :46:59.0 9.61 2.18 (0.30) 2.30 (0.32) —12.7 —24.41 —13.88
2MASS J14232679—2834200 :34:20.1  12.71 2.37 (0.26) 2.54 (0.29) 135.3 —19.31 —24.09
2MASS J14234371—4025526 :25:51.6  11.89 4.71 (1.09)* 4.42 (1.06)* —73.0 7.79 —5.15
BD+08:2856 :01:33.0 9.96 1.80 (0.15) 1.82 (0.16) 64.9 8.71 —20.32
BPS CS 22883—-0037 :29:26.3  14.79 6.17 (1.95)%* 7.22 (2.14)% —262.8 P 1.81 —5.68
2MASS J14301385—2317388 :17:38.7  12.03  6.95 (1.56)* 6.26 (1.07) 430.9 —9.59 —8.14
BD+18:2890 14:32:13.47  +17:25:22.7 9.79 0.74 (0.04) 0.75 (0.04) —32.6 —13.39 —100.72
HE 1429—0347 14:32:26.05 —04:00:30.9  13.64 2.19 (0.14) 2.24 (0.27) —216.0 ¥ —14.26 —2.45
2MASS J14325334—4125494 14:32:53.30 —41:25:49.5  11.06 0.98 (0.08) 1.06 (0.12) —230.8 —57.72 —35.39
HE 143040053 14:33:16.51 +00:40:48.7  13.73 2.84 (0.25) 2.94 (0.61)* —107.4 & —23.17 —14.93
2MASS J14354680— 1124122 14:35:46.80 —11:24:12.2  10.02 0.80 (0.02) 0.80 (0.03) —15.6 —9.41 —9.58
2MASS J14435196—2106283 14:43:51.96 —21:06:28.3  10.91 2.76 (0.33) 2.68 (0.40) 32.2 —9.37 4.18
BPS BS 16083—0172 +48:45:13.7  13.40 1.64 (0.04) 1.64 (0.07) —165.4 9 —1.39 —21.64
2MASS J14533307—4428301 .07 —44:28:30.1  10.90 1.75 (0.13) 1.77 (0.17) 53.8 0.87 3.33
2MASS J1453413740040467 14:53:41.38  +00:40:46.8  13.18 11.39 (5.48)**  8.47 (2.75)** 122.2 —5.19 —0.49
2MASS J1454379240830379 14:54:37.92 408:30:37.7  12.74 3.14 (0.72)* 2.89 (0.81)* 16.3 —10.77 —8.21
2MASS J14590234—0916105 —09:16:10.5  13.26 6.40 (1.27) 6.15 (1.58)* 141.7 b 2.07 —12.10
2MASS J14592981—3852558 —38:52:55.8  11.07 3.26 (0.78)* 4.26 (0.93)* 304.6 ! —12.86 —7.27
2MASS J15002498 —0613374 —06:13:37.4  10.15 1.44 (0.16) 1.43 (0.20) —79.7 8 —15.48 11.47
2MASS J15042611—2231523 —22:31:55.1  13.17 2.60 (0.29) 2.81 (0.34) —20.0 —17.68 4.52
2MASS J15062866 — 1428038 15:06:28.66 —14:28:03.8  11.28 0.39 (0.01) 0.39 (0.01) 4.9 —53.00 —15.13
BD+30:2611 15:06:53.84 +30:00:36.8 9.12 1.41 (0.05) 1.42 (0.07) —281.2 13.84 —7.83
2MASS J15075699—0659593 15:07:56.99 —06:59:59.3  11.56 4.74 (0.79) 4.60 (0.86) 147.8 —14.60 —1.49
2MASS J15083385—1459166 15:08:33.85 —14:59:16.6  11.47 3.24 (0.51) 3.30 (0.65) 14.7 —16.47 —1.04
HD 134440 —16:28:41.4 9.39 0.03 (0.00) 0.03 (0.00) 311.3 —1000.61 —3540.22
2MASS J1511167240025252 +00:25:25.2  11.75 5.20 (1.13)* 4.75 (1.01)* —153.8 —13.65 —11.01
HD 135148 +12:27:25.6 9.41 3.40 (0.93)* 2.58 (0.38) —92.1 —26.32 2.56
2MASS J15133549—1244339 15:13:35.40 —12:44:34.0  12.73 2.31 (0.33) 2.44 (0.41) 25.1 —17.16 —25.76
BPS CS 30306—0132 15:14:18.91 407:27:02.8  12.87 2.86 (0.32) 2.94 (0.34) —106.2 —9.05 1.14
2MASS J15155734— 1054220 15: —10:54:22.0  10.96 1.58 (0.11) 1.62 (0.13) 145.5 3.06 —22.71
RAVE J151558.3—203821 15: —20:38:21.0  11.62 2.93 (0.30) 2.94 (0.39) 60.6 —19.26 —19.76
2MASS J15204531— 1742486 15: —17:42:48.7  13.73 2.91 (0.29) 3.35 (0.57) —148.1 B —10.93 —9.68
2MASS J15211026—0607566 15:21:10.26 —06:07:56.6  11.06 2.04 (0.18) 2.09 (0.22) —12.0 —10.41 —39.78
2MASS J15213995—3538094 15:21:39.95 —35:38:08.9  12.24 2.00 (0.25) 2.16 (0.26) 79.4 —2.68 24.14
2MASS J15260106—0911388 15:26:01.10 —09:11:38.7  11.11 3.02 (0.40) 3.29 (0.59) —162.4 —22.71 —28.43
2MASS J15271353—2336177 15:27:13.50 —23:36:17.7  10.81 0.15 (0.00) 0.15 (0.00) 3.8 —228.89 —96.95
2MASS J15293404—3906241 15:29:34.04 —39:06:24.1  11.43 3.12 (0.37) 3.29 (0.50) 159.1 —14.10 —19.04
2MASS J15383085—1804242 —18:04:24.2  10.85 0.98 (0.04) 1.01 (0.04) 132.4 —49.47 —37.99
2MASS J15475517—0837102 —08:37:10.2  11.11 4.26 (0.94)* 4.32 (0.98)* —15.1 —8.46 —3.98
SMSS J155430.57—263904.8 —26:39:04.8  13.82 7.13 (1.55)* 6.76 (1.72)* —287.4 @ 1.97 —0.92
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Table 1 (continued)

Name RA DEC V mag dGaia (€rr) dgy (err) Rad Vel PMRA PMpEC

(32000) (32000) (kpc) (kpc) (km s~ 1) (mas yr=1) (mas yr—1)
2MASS J15582962— 1224344 :29.60 —12:24:34.4  12.32 2.15 (0.16) 2.08 (0.19) 82.3 —8.82 —0.69
2MASS J16024498—1521016 16:02:45.00 —15:21:01.7  10.30 0.28 (0.01) 0.28 (0.01) 100.2 —29.10 —32.44
BD+42:2667 16:03:13.03 +42:14:41.0 9.83 0.12 (0.00) 0.12 (0.00) —152.0 —195.75 —365.08
SMSS J160447.75—293146.7 16:04:47.74 —29:31:46.7  13.86 6.15 (0.93) 6.41 (1.51)* 76.0 @ —12.66 —3.23
2MASS J16064231—1632461 .31 —16:32:46.1 9.72 1.57 (0.16) 1.53 (0.19) —182.8 —2.28 —23.14
2MASS J16095117—0941174 17 —09:41:17.4  10.48 1.49 (0.11) 1.50 (0.14) 129.1 —36.79 —28.31
2MASS J16122832—0848083 :28.32 —08:48:08.3  10.55 2.09 (0.18) 2.08 (0.24) —21.9 —11.72 —4.98
2MASS J16163560—0401148 :35.60 —04:01:14.8  11.17 2.10 (0.27) 2.11 (0.34) 125.0 —3.09 —15.64
2MASS J16285613—1014576 :56.13  —10:14:57.6  10.47 0.66 (0.05) 0.71 (0.05) 60.0 —10.66 —20.02
BD+09:3223 :35.55 +09:06:14.7 9.21 0.59 (0.01) 0.60 (0.01) 67.8 —32.77 —106.54
HD 149414 :42.22  —04:13:55.5 9.57 0.04 (0.00) 0.04 (0.00) —166.1 —134.08 —702.27
BPS BS 16080—0054 :18.53 +60:57:42.6  12.75 5.30 (0.55) 5.05 (0.70) —118.7 —3.51 7.40
2MASS J16393106—0522517 :31.06  —05:22:51.7  11.28 1.96 (0.14) 1.96 (0.16) —109.3 —28.07 —10.99
2MASS J16455116—0429474 :51.16  —04:29:47.4  12.17 4.47 (0.64) 4.20 (0.71) —205.6 —2.60 —4.82
BPS CS 228780121 :50.04 +11:39:11.2  13.96 4.58 (0.54) 5.20 (0.70) —377.0 © —2.09 —13.13
SMSS J165023.82—252948.7 :23.81 —25:29:48.8  13.07 4.31 (1.17)* 5.15 (1.56)%* —238.0 @ 1.71 —1.13
RAVE J165300.5—005507 :00.47  —00:55:06.9  12.70 3.71 (0.48) 3.73 (0.73) —29.1 —4.26 —11.03
2MASS J16592172—6827199 74 —68:27:19.8  13.10 11.11 (2.84)% 8.46 (1.83)* 471.4 —8.58 —2.33
2MASS J17043634—6219457 70 —62:19:49.9  13.13 6.52 (1.41)* 5.75 (1.38)* 227.5 —6.76 1.20
2MASS J1706055540412354 :05.55 +04:12:35.4  12.76 10.90 (3.96)**  7.81 (1.62)* —210.9 —2.92 3.79
2MASS J17093199—6027271 :32.00 —60:27:27.1  12.55 6.14 (1.29)* 5.91 (1.32)* 334.0 —8.50 —16.51
2MASS J17124284 5211479 :42.80 —52:11:47.9  13.06 4.38 (1.03)* 4.57 (1.61)%* —27.2 —6.51 5.92
2MASS J17131974—7113010 :19.75 —71:13:01.1  12.60 4.02 (0.38) 4.01 (0.53) 33.1 0.45 —3.78
2MASS J17163340—7009028 :33.40 —70:09:02.8  13.12 8.56 (2.17)* 7.07 (1.68)* —24.2 —0.21 —4.93
2MASS J17225742—7123000 :57.40 —71:23:00.0  12.92 4.70 (0.52) 4.58 (0.70) 278.6 —18.99 —3.55
BD+17:3248 :14.42  +17:30:35.5 9.31 0.78 (0.02) 0.78 (0.02) —146.0 —47.75 —22.41
2MASS J17285930— 7427532 .30 —74:27:53.2  13.07 4.74 (0.77) 4.64 (1.11)* 259.3 5.03 —1.29
2MASS J17360008—5145303 :00.08 —51:45:30.3  12.22 2.24 (0.17) 2.30 (0.27) —120.0 2.02 —20.56
2MASS J17383643 —5358288 :36.43 —53:58:28.8  11.09 2.20 (0.15) 2.24 (0.20) 19.8 3.21 —17.35
2MASS J17400682—6102129 :06.80 —61:02:12.9  10.23 1.08 (0.04) 1.09 (0.05) 249.3 —2.80 —51.08
2MASS J17414840—5340354 :48.40 —53:40:35.4  10.76 2.72 (0.42) 3.09 (0.67)* 20.2 3.16 —17.31
2MASS J17435113—5359333 .10 —53:59:33.4  12.01 2.46 (0.27) 2.48 (0.40) 23.1 3.67 —17.34
SMSS J175046.30—425506.9 :46.30 —42:55:07.0  14.50 6.82 (2.13)** 7.69 (2.19)* 336.6 @ —4.95 1.21
RAVE J175159.8—475131 :59.79 —47:51:31.3  10.93 3.17 (0.60) 3.91 (0.72) 60.6 —2.31 —16.68
2MASS J17541561—5148268 :15.60 —51:48:25.2  12.86 5.54 (1.07) 5.80 (1.48)%* 202.2 1.22 —3.20
G 154—34 :58.47 —16:24:42.5  11.27 0.09 (0.00) 0.09 (0.00) —204.3 7.52 —628.28
SMSS J175738.37—454823.5 :38.37 —45:48:23.6  13.64 6.61 (1.35)* 7.30 (1.63)* —65.2 0.56 —5.33
2MASS J18024226 —4404426 .30 —44:04:42.6  12.62 3.93 (0.74) 5.18 (1.50)* —226.1 —12.57 —17.53
2MASS J18050641—4907579 .41 —49:07:57.9  11.06 3.96 (0.69) 4.25 (0.75) 167.2 —3.00 —4.08
2MASS J18121045—4934495 50 —49:34:49.5  12.62 6.00 (1.32)* 6.14 (1.53)* 36.5 —0.32 —3.59
SMSS J181505.16—385514.9 .15 —38:55:15.0  15.33 7.39 (3.58)%* 7.97 (1.45) 202.1 % —8.32 —4.07
2MASS J18174532—3353235 .32 —33:53:23.5  13.90 ... 7.34 (1.74)% —16.0 JOH11 —3.87 —9.51
2MASS J18272347—5133001 .47  —51:33:00.1  10.94 2.64 (0.29) 2.76 (0.44) —77.2 1.37 —23.46
2MASS J18285086 — 3434203 .90 —34:34:20.4  12.72 4.19 (1.07)* 5.41 (1.33)* 22.7 1 —2.06 —9.17
2MASS J18294122—4504000 .20 —45:04:00.1  12.92 4.42 (0.77) 4.93 (1.28)* —106.8 2.61 —8.55
2MASS J18294359 4924253 .68 —49:24:25.2  12.80 16.77 (9.10)**  8.33 (1.50) 21.0 —0.90 —4.77
RAVE J183013.5—455510 18:30:13.54 —45:55:10.1  12.06 2.66 (0.30) 2.75 (0.49) 61.3 7.95 —6.71
SMSS J183128.71—341018.4 18:31:28.39 —34:10:16.7  13.53 6.46 (1.30)* 6.43 (1.56)* 71.9 2.92 —2.33
SMSS J183225.29—334938.4 18:32:25.37 —33:49:43.2  15.60 16.75 (13.85)** 8.56 (2.22)* —156.7 ¥ —6.10 —4.85
2MASS J18332056 —3802590 18:33:20.90 —38:02:56.7  16.06 5.43 (1.79)** 7.50 (3.05)%* 15.9 b —5.08 —4.71
2MASS J18362318—6428124 18:36:23.20 —64:28:12.5  12.49 2.45 (0.23) 2.42 (0.24) 15.3 4.11 —8.54
2MASS J18363613—7136597 .10 —71:36:59.8  10.90 2.41 (0.16) 2.43 (0.19) —68.6 —3.52 —11.51
SMSS J183647.89—274333.1 .88 —27:43:33.1  13.44 ... 6.87 (1.55)* —379.1 1.76 —2.88
HD 175305 18:47:07.70 +74:43:32.7 7.15 0.16 (0.00) 0.16 (0.00) —183.9 319.86 79.78
2MASS J18562774—7251331 :27.70  —72:51:33.1  12.71 4.54 (0.56) 4.46 (0.81) 177.5 —5.80 1.47
HD 175606 :51.37  —51:27:59.0 9.74 0.18 (0.00) 0.18 (0.00) 162.8 21.52 —163.37
2MASS J19014952—4844359 :49.50 —48:44:35.9  12.50 3.04 (0.70)* 3.18 (1.19)** 133.0 —5.53 —15.60
2MASS J19050116— 1949280 :01.16 —19:49:28.0  10.18 1.18 (0.15) 1.19 (0.17) 101.6 —5.93 —38.49
SMSS J190911.03—213207.5 :11.02  —21:32:07.6  13.49 7.18 (1.09) 6.91 (1.56)* —16.3 —4.58 —11.64
2MASS J19092677—5140208 :26.88 —51:40:22.8  12.80 7.83 (1.91)%* 6.99 (1.56)* 211.7 —2.63 —14.16
SMSS J190931.13—214053.9 :31.12  —21:40:53.9  14.20 7.71 (1.71)%* 6.58 (1.80)* 183.2 @ —1.29 —5.89
HD 178443 :36.83 —43:16:36.9  10.00 0.93 (0.03) 0.92 (0.04) 343.5 —12.94 —49.83
HD 179626 :20.39  —00:35:49.3 9.18 0.10 (0.00) 0.10 (0.00) —64.6 —317.38 —446.81
2MASS J19161821—5544454 :18.20 —55:44:45.4  11.47 4.25 (0.74) 4.66 (0.96)* 46.7 —1.22 —3.14
2MASS J19192768 5959140 :27.70  —59:59:13.0  10.52 3.13 (0.30) 3.15 (0.35) —78.5 3.14 —33.62
2MASS J19202070—6627202 :20.70 —66:27:20.3  12.73 5.11 (0.67) 4.84 (0.88) 7.1 3.34 —18.79
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Table 1 (continued)

Name RA DEC V mag dGaia (€rr) dgy (err) Rad Vel PMRA PMpEC

(32000) (32000) (kpc) (kpc) (km s~ 1) (mas yr=1) (mas yr—1)
2MASS J19215077—4452545 :50.80 —44:52:54.6  11.39 3.89 (0.98)* 4.16 (1.06)* 2.8 —3.41 1.10
2MASS J19232518—5833410 :25.20 —58:33:40.9 11.85 1.96 (0.21) 1.95 (0.34) 126.9 —23.41 —16.43
2MASS J19232941—4425432 :29.41 —44:25:43.2  11.14 3.97 (0.52) 3.76 (0.62) 261.3 —13.51 —17.71
RAVE J192632.8—584657 :32.80 —58:46:57.0  12.52 4.47 (1.01)* 5.12 (1.51)* 181.4 —1.32 —10.12
RAVE J192819.9—633935 :19.89 —63:39:34.6  12.75 3.92 (0.84)% 4.01 (1.18)* —108.3 5.02 —9.43
2MASS J19291910—5528181 :19.00 —55:28:18.0  12.83 8.60 (2.59)%* 7.53 (1.87)* —101.3 —0.39 —9.17
BPS CS 228960055 :43.80 —53:59:27.0  13.46 3.49 (0.30) 4.26 (0.59) —84.0 © 7.54 —22.03
2MASS J19310426—3707397 :04.27 —37:07:39.8  12.76 4.73 (0.85) 5.18 (1.41)* —13.4 3.52 —13.75
2MASS J19324858—5908019 :48.60 —59:08:01.9  12.79 9.97 (7.99)** 7.32 (1.79)* 300.8 1.65 0.08
2MASS J19345326 —3236567 :53.26 —32:36:56.7  11.06 2.77 (0.26) 2.87 (0.33) 209.4 —7.97 —19.82
2MASS J19345497—5751400 :55.00 —57:51:40.1  13.05 9.45 (3.33)%* 8.27 (1.85)* —85.2 —5.69 —9.39
SMSS J193617.38—790231.4 :17.35  —79:02:31.7  13.80 1.51 (0.03) 1.51 (0.05) 450.5 @ —35.75 —21.62
BPS CS 22891—0209 :02.16  —61:03:44.7  12.13 4.35 (1.16)* 3.88 (1.06)* 80.2 0.59 —16.36
BPS CS 228960154 :26.80 —56:58:34.0  13.59 2.77 (0.14) 2.84 (0.28) 141.0 © —9.75 —24.97
2MASS J19445483—4039459 :54.83  —40:39:45.9  10.59 2.71 (0.27) 2.85 (0.37) 100.2 —12.78 —26.82
2MASS J19451414— 1729269 :14.14  —17:29:26.9 9.12 0.94 (0.04) 0.94 (0.04) 32.0 —22.22 —85.05
RAVE J194550.6—392631 :50.60 —39:26:31.2  12.70 4.42 (0.81) 4.52 (1.27)* —12.7 —5.80 —17.28
2MASS J19494025—5424113 :40.30 —54:24:11.2  12.66 6.78 (2.07)** 6.26 (1.66)* 60.3 1.03 —5.93
2MASS J19534978—5940001 :49.80 —59:40:00.1  12.65 6.08 (1.23)* 5.54 (1.36)* 214.8 —13.25 —3.04
2MASS J19552158 — 4613569 :21.57 —46:13:57.0  11.92 3.22 (0.34) 3.30 (0.47) 155.1 —7.14 —15.93
2MASS J19563822—4054235 :38.20 —40:54:23.6  11.55 1.84 (0.13) 1.86 (0.14) —318.4 —18.69 —12.22
Gaia DR2 2233912206910720000 19:57:08.06 +455:29:49.1  13.18 3.01 (0.16) 3.15 (0.26) —343.9 27.85 —5.48
2MASS J1958403340430396 19:58:40.34 404:30:39.8  13.50 4.97 (0.53) 4.92 (0.86) —358.1 —17.34 —0.19
SMSS J195931.70—643529.3 72 —64:35:29.4  13.13 7.21 (1.44)* 6.72 (1.70)* 284.1 1.78 —1.14
2MASS J19594558—2549075 50 —25:49:07.0  12.22 5.22 (1.22)* 5.08 (1.23)* —205.8 —2.23 —1.06
2MASS J20000364—3301351 .64 —33:01:35.1  11.27 3.22 (0.45) 3.06 (0.49) —60.0 5.22 —20.10
2MASS J20005766 —2541488 .66 —25:41:48.8  10.92 1.68 (0.17) 1.71 (0.21) 149.4 —9.84 —26.77
2MASS J20050670—3057445 70 —30:57:44.5  11.23 2.64 (0.33) 2.61 (0.40) —264.8 ! 2.34 —28.86
2MASS J20080083 2759265 .83 —27:59:26.5  10.90 3.75 (0.74) 4.27 (0.78) —84.2 1.95 —14.93
2MASS J20093393—3410273 .90  —34:10:27.3  11.74 6.25 (1.83)* 5.91 (1.52)* 27.8 —7.98 —16.74
2MASS J20102782—0826556 .82 —08:26:55.6  10.47 2.78 (0.31) 2.98 (0.42) —332.8 8.67 —7.85
2MASS J20103193—3558546 .93 —35:58:54.6  11.38 1.93 (0.15) 1.87 (0.21) 129.8 1.21 —25.83
2MASS J20194310—3158163 .10 —31:58:16.3  11.12 1.07 (0.04) 1.09 (0.05) —148.5 16.66 —40.39
BPS CS 22943-0132 91  —43:13:39.4  13.32  0.45 (0.00) 0.45 (0.01) 3.0 © 68.31 —43.70
2MASS J20233743 1659533 .43 —16:59:53.3  11.66 1.86 (0.14) 1.86 (0.18) —162.4 —11.58 —22.97
2MASS J20303339—2519500 40 —25:19:50.2  10.37 4.78 (1.70)** 3.62 (0.53) —56.8 0.48 —22.42
2MASS J20362262—0714197 62 —07:14:19.7  11.73 9.40 (4.33)** 6.00 (0.95) —308.3 —2.43 —2.45
2MASS J20374042—5520500 41 —55:20:50.0  12.74 4.41 (0.59) 4.25 (0.76) —5.0 —7.67 —8.81
2MASS J20384318—0023327 .18 —00:23:32.7  12.72 6.84 (2.01)* 5.42 (1.46)* —322.7 3.07 —16.08
2MASS J20385893—0252115 93 —02:52:11.5  11.79 5.18 (1.05)* 5.62 (0.97) —175.9 2.85 —2.40
2MASS J20411424 4654315 .24 —46:54:31.5  12.14 4.88 (0.77) 4.85 (1.01)* —67.2 4.66 —9.44
BPS CS 22955—0174 .04 —23:49:12.7  14.39 4.60 (0.56) 5.94 (1.48)* 8.0 © —5.67 —7.39
2MASS J20435776—4408037 .76 —44:08:03.7  11.34 3.92 (0.60) 4.12 (0.74) 45.2 —2.15 —4.16
2MASS J20453454—1431151 .54 —14:31:15.1  10.69 1.55 (0.09) 1.58 (0.11) —74.1! 2.64 —20.96
BPS CS 22879—0103 .13 —37:26:52.6  14.26 4.26 (0.65) 5.37 (1.85)%* —45.0 © —0.09 —8.66
BPS CS 228790097 .56 —38:30:49.4  14.17 4.33 (0.67) 6.23 (1.21) 26.0 © —1.62 —18.87
2MASS J20492765—5124440 70 —51:24:44.0  11.52 4.63 (0.70) 4.66 (0.84) 25.6 —3.66 —6.89
2MASS J20504869 — 3355289 .69 —33:55:28.9  11.12 3.47 (0.68) 3.47 (0.78)* —160.0 3.86 —12.54
2MASS J20514971—6158008 70 —61:58:00.9  12.28 0.77 (0.02) 0.77 (0.02) —90.9 —5.91 —33.74
BPS CS 229400121 :10.87 —58:00:55.2  14.11 4.10 (0.51) 5.05 (1.17)* —3.0°¢ —8.84 —11.13
2MASS J20554594—3155159 :45.94 —31:55:15.9  10.78 3.16 (0.51) 3.29 (0.60) —157.3 7.80 —17.31
2MASS J20560913—1331176 :09.10 —13:31:17.7  10.18 1.02 (0.04) 1.02 (0.05) 122.5 —19.52 —84.37
2MASS J20584918—0354340 :49.18  —03:54:34.0  11.47 1.60 (0.12) 1.55 (0.15) —161.2 —7.25 —25.78
2MASS J21003824—0539171 :38.24 —05:39:17.1  10.73 1.53 (0.08) 1.52 (0.10) —116.9 —5.67 —18.20
BPS CS 22897—0008 21:03:11.86 —65:05:08.9  13.25 4.77 (0.45) 4.73 (0.71) 260.0 © —1.68 —6.28
2MASS J21055865—4919336 .65 —49:19:33.6  10.90 2.60 (0.21) 2.63 (0.25) 194.2 14.96 —24.84
2MASS J21063474—4957500 70 —49:57:50.1 9.05 0.27 (0.00) 0.28 (0.00) —44.6 193.93 —273.89
2MASS J21064294 — 6828266 .90 —68:28:26.7 1.99 (0.12) 2.06 (0.25) —72.3 —4.43 —18.38
2MASS J21091825—1310062 21:09:18.25 —13:10:06.2  10.68 2.09 (0.19) 2.05 (0.23) —35.7 3.18 —28.67
2MASS J21095804 —0945400 21:09:58.10 —09:45:40.0  13.17 4.11 (1.05)* 4.22 (1.87)%* —18.7 2.19 —5.15
BPS CS 229370072 21:14:40.62 —37:24:51.8  13.98 3.28 (0.34) 3.76 (1.10)* —141.0 © —1.63 —2.53
2MASS J21162185—0213420 21:16:21.85 —02:13:42.0  10.21 2.96 (0.46) 2.67 (0.41) —2.38! —4.35 —6.71
2MASS J21220020—0820333 21:22:00.20 —08:20:33.4  12.79 5.79 (1.47)* 5.31 (1.61)%* —63.9 —1.42 —8.03
2MASS J21224590—4641030 .90 —46:41:03.1  12.26 3.89 (0.52) 3.81 (0.68) —99.8 —7.33 —9.62
2MASS J21262525—-2144243 .30 —21:44:24.3  12.09 5.80 (1.81)** 5.65 (1.68)* —81.5 5.86 —4.89
BD—03:5215 21:28:01.34 —03:07:41.3  10.14 0.73 (0.02) 0.74 (0.03) —292.2 19.32 —23.32

Table 1 continued
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Table 1 (continued)

Name RA DEC V mag dGaia (€rr) dgy (err) Rad Vel PMRA PMpEC

(32000) (32000) (kpc) (kpc) (km s~ 1) (mas yr=1) (mas yr—1)
2MASS J21370807—0927347 21:37:08.10 —09:27:34.6  13.26 9.74 (4.44)** 8.33 (3.21)%* —63.3 0.49 —4.25
HE 213440001 21:37:08.19 400:15:04.5  15.77 3.13 (0.53) 4.95 (2.37)%* 48.0 & —3.48 —3.96
BPS CS 229440039 21:45:12.27 —14:41:24.8  14.28 8.94 (2.73)** 6.36 (1.06) —253.0 © —6.52 —10.46
2MASS J21462219—0512324 21:46:22.19 —05:12:32.4  10.70 2.15 (0.22) 2.15 (0.26) —310.7 11.60 —9.04
G 214-1 .86  433:06:26.9  12.04 0.18 (0.00) 0.18 (0.00) —117.3 195.56 —14.05
BPS CS 22951—0059 .00 —44:48:47.0  14.54 2.53 (0.23) 2.80 (0.62)* 80.0 © 10.40 1.18
RAVE J215118.3—135937 .30 —13:59:37.1  11.61 1.41 (0.15) 1.51 (0.15) —100.1 1.09 —36.09
BPS CS 29493—0062 21:52:31.01 —28:09:37.2  13.12 0.92 (0.02) 0.92 (0.04) 15.0 © 1.00 —4.94
BPS CS 22965—0016 21:57:07.92 —04:34:08.4  14.00 8.15 (2.62)** 5.53 (1.79)%* —90.0 © —1.24 —8.70
HE 215540136 21:57:37.56 +01:50:20.0  16.04 2.49 (0.47) 2.83 (1.27)%* —248.2 8 8.62 —10.21
HE 2154—2838 21:57:43.80 —28:24:30.9  15.63 4.85 (1.09)* 6.98 (3.01)** —16.9 & 7.96 —14.02
HE 2159—0551 22:02:16.36 —05:36:48.6  12.35 3.91 (0.70) 3.95 (0.96)* —131.3 4 1.09 —4.13
BPS BS 17569—0049 22:04:58.37 404:01:32.1  13.34 7.30 (2.60)** 5.63 (2.30)%* —203.0 v 0.45 —3.93
HE 2206—2245 .44 —22:30:16.4  15.59 5.19 (1.35)* 7.13 (3.16)** —210.5 & 4.68 —10.83
BPS CS 22886—0012 22:13:25.70 —08:43:44.0  14.50 1.60 (0.19) 1.61 (0.39)* —61.0 © 1.88 —11.94
SMSS J221448.33—453949.9 22:14:48.35 —45:39:50.0  14.41 15.82 (5.77)%* 74.8 @ 0.03 —3.60
2MASS J22161170—5319492 22:16:11.70 —53:19:49.2  10.89 1.56 (0.11) 1.50 (0.14) 73.7 —11.51 —26.11
2MASS J22163596+0246171 .00 402:46:17.1  12.71 2.91 (0.45) 2.74 (0.72)* —98.31 8.70 —11.43
BPS CS 22892—0052 .66 —16:39:27.2  13.19 4.15 (0.76) 3.65 (1.00)* 13.0 P 12.32 —6.49
2MASS J22182082—3827554 22:18:20.88 —38:27:54.0  13.39 2.50 (0.19) 2.60 (0.44) 252.3 1 13.92 —17.65
2MASS J22190836—2333467 22:19:08.36 —23:33:46.7  10.89 3.27 (0.68)* 2.85 (0.47) —42.7 —6.66 —8.97
HE 2216—1548 22:19:30.36 —15:33:36.4  15.75 9.71 (4.68)** 8.61 (3.48)%* —271.0 8 —0.85 —4.16
2MASS J22220344 8024592 22:22:03.40 —80:24:59.0  11.81 4.23 (0.42) 4.16 (0.51) 250.0 6.00 —0.69
BPS CS 228860043 22:22:33.79 —10:14:09.0  14.70 7.10 (1.58)* 7.58 (1.29) —61.0 © 0.71 —4.54
BPS CS 22960—0064 .14 —42:35:16.1  13.91 2.24 (0.11) 2.27 (0.18) —74.0 © 11.18 —7.34
BPS CS 229560114 .80  —65:33:10.0  14.02 7.76 (1.09) 6.45 (1.69)* —47.0 © 1.82 —9.57
HE 222440143 .13 401:58:32.9  13.73 2.67 (0.26) 2.79 (0.61)* —112.3 8 4.07 —10.24
BPS CS 22875—0029 22:29:25.10 —38:57:47.5  13.64 4.11 (0.56) 4.86 (1.29)* 70.0 © 12.55 —5.29
2MASS J22302641—1949527 22:30:26.41 —19:49:52.8  12.83 12.19 (8.11)**  7.21 (2.14)% —45.3 —3.59 —1.04
BPS CS 29491 —0069 .19 —32:38:36.5  13.05 2.27 (0.17) 2.34 (0.38) —375.5 & 10.05 —34.61
HE 2229-4153 .04 —41:38:25.6  13.39 2.17 (0.18) 2.21 (0.34) —139.6 8 —3.24 —29.55
2MASS J22345447 6605172 .48 —66:05:16.8  11.37 2.01 (0.26) 2.00 (0.33) —54.9 9.75 —12.51
BPS CS 294910053 22:36:56.30 —28:31:06.5  12.90 4.20 (0.79) 4.09 (1.12)* —144.9 1.38 —8.42
2MASS J22373316—4341181 22:37:33.16 —43:41:18.1  10.96 1.39 (0.07) 1.38 (0.09) —9.6 0.89 —43.51
2MASS J22394827 0803536 22:39:48.26 —08:03:53.6  13.19 7.10 (3.04)** 7.63 (3.27)%* —274.2 0.92 —4.95
HE 2242—1930 22:45:17.19 —19:14:51.8  15.48 3.83 (0.59) 4.83 (2.12)** —22.5 8 —9.54 —3.78
HE 2244—1503 22:47:25.83 —14:47:30.1  15.35 4.33 (0.90)* 5.48 (2.78)%* 148.1 8 —0.64 4.44
2MASS J22492756 — 2238289 22:49:27.60 —22:38:29.0  12.01 3.35 (0.48) 3.21 (0.62) —7.5 14.09 —12.58
HE 2252—4225 57 —42:09:19.5  14.96 10.80 (5.18)**  10.46 (4.03)%* —333.7 8 0.55 —4.14
HE 2252—4157 .22 —41:41:29.3  16.30 5.96 (2.88)** 8.14 (4.50)%* —94.5 8 —3.37 —7.24
2MASS J22562536—0719562 22:56:25.36 —07:19:56.2  11.56 4.83 (0.98)* 4.59 (0.90) —96.8 —2.47 —11.02
2MASS J23022289—6833233 23:02:22.90 —68:33:23.3  11.58 1.07 (0.03) 1.07 (0.04) 134.8 30.81 —20.34
HE 2301-4024 .02 —40:08:20.7  16.43 3.71 (0.94)* 3.25 (1.37)%* —221.7 8 —1.30 —28.03
2MASS J23060975—6107368 75  —61:07:36.8  11.04 2.75 (0.18) 2.79 (0.24) 51.0 19.83 —20.32
2MASS J23100319—7702165 .23 —77:02:16.6  11.98 3.05 (0.25) 3.03 (0.34) —53.9 17.19 —9.81
BPS CS 29513-0003 23:15:31.71 —41:56:19.8  13.49 3.60 (0.64) 4.33 (0.85) —103.0 © 2.97 —19.05
BPS CS 22888—0047 23:20:19.85 —33:45:46.9  14.56 6.77 (2.99)** 6.41 (2.10)** —161.0 © 6.07 —13.14
BPS CS 22945-0017 23:20:55.40 —63:15:36.6  14.42 1.18 (0.03) 1.19 (0.06) 91.0 © 29.92 —3.60
2MASS J23242766—2728055 23:24:27.66 —27:28:05.5  10.63 1.54 (0.17) 1.52 (0.21) —134.1 3.99 —36.74
2MASS J23251897 0815539 23:25:18.97 —08:15:53.9  11.88 2.31 (0.26) 2.13 (0.21) —273.9 11.08 —17.99
2MASS J23265258—0159248 23:26:52.60 —01:59:24.8  11.13 3.39 (0.45) 3.58 (0.62) —213.3 —0.10 —19.18
2MASS J23285061—0432368 .61 —04:32:36.8 11.59 2.06 (0.16) 2.06 (0.22) —37.6 —3.31 —14.75
HD 221170 79 430:25:57.0 7.65 0.53 (0.02) 0.53 (0.02) —121.1 —16.64 —53.66
HE 2327—5642 23:30:37.11 —56:26:14.5  13.95 4.31 (0.37) 4.53 (0.66) 282.1 & 12.57 —8.69
BPS CS 22941-0017 23:32:50.18 —33:59:25.5  14.94 4.79 (1.03)* 5.33 (2.25)%* 114.0 © —2.14 —3.14
2MASS J23342332—2748003 .32 —27:48:00.3  12.52 4.73 (1.30)* 4.11 (1.28)%* —54.8 3.74 —9.07
BPS CS 30315—0029 69 —26:42:14.1  13.64 8.34 (2.62)** 8.23 (2.66)** —169.2 8 —1.15 —7.46
2MASS J23362202 5607498 23:36:22.00 —56:07:49.8  12.92 10.37 (2.91)* 9.07 (2.18)* 209.6 3.34 —1.97
BPS CS 22952—0015 23:37:28.69 —05:47:56.6  13.25 7.37 (1.83)% 6.14 (1.62)* —7.0°© 0.30 —6.64
BPS CS 294990003 23:39:42.95 —26:58:55.7  14.29 1.26 (0.07) 1.22 (0.11) —68.0 © —18.84 —43.67
2MASS J23411581—6406440 23:41:15.80 —64:06:44.1  12.80 6.33 (0.94) 5.68 (1.06) 120.7 9.44 —6.17
2MASS J23425814—4327352 23:42:58.14 —43:27:35.2  11.37 1.38 (0.07) 1.41 (0.09) 55.7 —13.21 —12.74
HD 222925 23:45:17.95 —61:54:44.4 8.98 0.44 (0.00) 0.44 (0.01) —37.9 154.85 —99.17
2MASS J23475942—5701184 23:47:59.42 —57:01:18.4  11.77 2.75 (0.19) 2.75 (0.25) 43.1 9.25 —19.19
BPS CS 22966 —0057 76  —29:39:22.8  14.29 1.79 (0.09) 1.84 (0.14) 101.2 ¥ 4.35 —36.52
2MASS J23490902—2447176 23:49:09.02 —24:47:17.6  12.11 1.08 (0.05) 1.09 (0.08) —170.9 65.78 16.74

Table 1 continued
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Table 1 (continued)

Name RA DEC V mag dGaia (€rr) dgy (err) Rad Vel PMRA PMpEC

(32000) (32000) (kpc) (kpc) (km s~ 1) (mas yr=1) (mas yr—1)
HE 2347—1334 23:50:26.83 —13:17:39.2  12.64 ... 3.65 (2.42)%* —54.2 1.08 —5.66
BPS CS 29499—0058 23:52:15.90 —25:58:18.7  13.74 1.08 (0.03) 1.08 (0.05) 143.0 © —6.75 —55.16
BPS CS 229450058 23:52:37.80 —66:05:01.7  14.93 1.57 (0.06) 1.60 (0.13) 23.4 b 30.74 —22.23
BPS CS 22945—0056 23:53:19.80 —65:29:39.5  14.04 5.66 (0.59) 6.11 (0.88) 222.0 © —5.49 —10.80
BPS CS 295170025 23:54:28.84 —13:59:56.7  14.17 4.33 (0.68) 5.77 (1.07) —186.0 © 10.21 —6.74
SDSS J235718.91—005247.8 23:57:18.96 —00:52:50.1  15.66 0.52 (0.01) 0.55 (0.03) —9.5 W 49.75 —172.41

NoTte—=Sources for (non-Gaia) radial-velocity information:

NOTE—2 Jacobson et al. (2015), P Roederer et al. (2014), ¢ T.C. Beers, private comm., 4 Hansen et al. (2015), © Beers et al. (1992), f Beers & Sommer-Larsen (1995),
& Barklem et al. (2005), ! Ezzeddine et al. (2020), ! Hansen et al. (2018), J Aoki et al. (2002), K Bonifacio et al. (2009), | Kunder et al. (2017), ™ Xing et al.
(2019), ™ Carrera et al. (2013), © Cohen et al. (2013), P Holmbeck et al. (2020), 9 Aoki et al. (2005), ¥ Frebel et al. (2006), S Sakari et al. (2018), ¥ Howes et al.

(2015), " Howes et al. (2016), ¥V Allende Prieto et al. (2000), W Aoki et al. (2010)

NoTE—Source for (non-Gaia) proper motions: ! Kharchenko & Roeser (2009)

Nore—Single (*) and double (**) marks indicate stars with relative distance errors in the range 20% < e < 30%, and e > 30%, respectively.
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