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Abstract

Patchick 99 is a candidate globular cluster located in the direction of the Galactic bulge, with a proper motion
almost identical to the field and extreme field star contamination. A recent analysis suggests it is a low-luminosity
globular cluster with a population of RR Lyrae stars. We present new spectra of stars in and around Patchick 99,
targeting specifically the three RR Lyrae stars associated with the cluster as well as the other RR Lyrae stars in the
field. A sample of 53 giant stars selected from proper motions and a position on the color-magnitude diagram are
also observed. The three RR Lyrae stars associated with the cluster have similar radial velocities and distances, and
two of the targeted giants also have radial velocities in this velocity regime and [Fe/H] metallicities that are
slightly more metal-poor than the field. Therefore, if Patchick 99 is a bona fide globular cluster, it would have a
radial velocity of —92 4 10kms ™', a distance of 6.7 4 0.4 kpc (as determined from the RR Lyrae stars), and an

orbit that confines it to the inner bulge.

Unified Astronomy Thesaurus concepts: Stellar populations (1622); Stellar astronomy (1583); Galactic
archaeology (2178); Milky Way dynamics (1051); Galactic bulge (2041); Galaxy bulges (578); Star clusters
(1567); Galactic center (565); the Milky Way (1054); the Milky Way physics (1056); Milky Way evolution (1052);

RR Lyrae variable stars (1410)

Supporting material: machine-readable table

1. Introduction

The globular clusters (GCs) surrounding our Milky Way are
nearly as old as the Universe itself. These roughly spherical
collections of hundreds of thousands of tightly packed and
gravitationally bound stars form in the early Universe in high-
density peaks (Diemand et al. 2005; Boley et al. 2009). Their
high density allows them to endure tidal disintegration, and
they, therefore, witness most of the formation and evolution
processes of galaxies, which they can be used to study (Brodie
& Strader 2006).

In contrast to GCs in the halo, clusters in the inner galaxy are
more likely to inspiral toward the galactic center due to the
stronger tidal field in the inner galaxy and dynamical friction. It
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is believed that clusters inside the central 2 kpc of the Milky
Way have lost ~80% of their initial population (Baumgardt &
Hilker 2018). Therefore, low-luminosity /low-mass GCs should
exist in the inner galaxy and should likely be more ubiquitous
in the inner galaxy than the halo. However, to date, there is a
factor of ~5 times more low-luminosity GCs known in the halo
of the Milky Way (Baumgardt & Vasiliev 2021).

One survey searching for potential low-luminosity candidate
GCs in the inner galaxy is the VISTA Variables in the Via-
Lactea survey (VVV) survey, a large (~1 billion star) photo-
metric, infrared time domain survey of the disk and inner galaxy
(Minniti et al. 2010). Between 2011 and 2018, more than 100
new GC candidates in the bulge have been proposed, most of
them (but not all) have low luminosities. After Gaia proper
motions were released in 2018, it could be seen if “cluster” stars
were moving together in proper motion space (e.g., Gran et al.
2019). However, stellar spectroscopy is still necessary to identify
individual star cluster members from the field and to validate
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candidate star clusters as being separate from the field (some
examples of this include Ferndndez-Trincado et al. 2021; Gran
et al. 2022).

This study focuses on the low-luminosity candidate GC
Patchick 99 at (I, b) = (294884, —6°1452). Identified by Dana
Patchick on 2004 November 20 using Two Micron All Sky
Survey imagery, the Deepskyhunters group (e.g., Kronberger
et al. 2006) recognized it first as “DSH J1815.7-2948”
(D. Patchick, private communication). Since then, it has
appeared in internal catalogs as Patchick 99. Bica et al.
(2019) list it as a GC in their compilation of star clusters,
associations, and candidates in the Milky Way. It was the
subject of a study by Garro et al. (2021), who postulate
Patchick 99 is a bona fide GC based on Gaia proper motions
and color-magnitude diagrams (CMDs) from VVV photo-
metry, and by identifying a population of RR Lyrae stars
(RRLs) that were thought to be associated with Patchick 99.
The extreme similarity in both the proper motion and the CMD
between the field and the potential cluster stars makes
identification of this cluster difficult, and no radial velocity
measurements of this potential cluster exist to date.

The first spectroscopic observations are presented here in an
attempt to probe the nature of Patchick 99, particularly by
targeting its RRL population.

2. Observations and Data Reductions
2.1. Observations and Target Selection

The observations come from the AAOmega multifiber
spectrograph on the Anglo-Australian Telescope (PROP-ID:
0/2022A/3002) with the red 1700D grating centered at
8600 A (so that the calcium II triplet lines were observed),
giving a resolution of R ~ 11,000. Exposure times ranged from
4 x 30 minutes to 2 x 30 minutes, adjusting for weather and
seeing conditions. The data reduction steps were carried out
using the AAOmega 2dfdr software: Bias subtraction, quartz-
flatfielding, cosmic-ray cleaning, sky subtraction using 35
designated sky fibers, and wavelength calibration via arc-lamp
exposures. The typical final spectrum had a wavelength range
from 8350 to 8800 A, with slight variations depending on the
spectrum’s exact position on the CCD.

In total, 53 giants, 41 red clump stars, and 271 RRLs within
a 2° field of view of Patchick 99 were targeted. The selected
giants had Gaia Data Release 3 (DR3) proper motions within
(Mt ps) = (—2.98 mas yfl + 2.5 mas yrfl, —5.49 mas yr71 +
2.5masyr ') (the mean proper motion of Patchick 99 as
presented in Garro et al. 2021; Gaia Collaboration et al. 2023)
as well as a RUWE <1.2. This is a larger proper motion range
than the proper motion uncertainty presented in Garro et al.
(2021) to encompass all possible members. All 12 RRLs within
10’ of the cluster were observed, regardless of proper motion.
Red clump stars from Johnson et al. (2022) with photometric
[Fe/H] metallicities more metal-poor than —0.25dex were
included as the lowest-priority targets in the configuration files.
The giants were only observed once—each AAOmega plate
configuration retained the same RRLs and red clump stars but
cycled through different giant stars.

The focus here is the stars around the central 10’ of
Patchick 99, for which the center of a=273%94583 and
6= -29°81278 presented in Garro et al. (2021) is used.
Figure 1 (lower left panel) shows the proper motion distribution
of the observed stars as compared to the underlying field
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observed in the Blanco DECam Bulge Survey (BDBS; Johnson
et al. 2020; Rich et al. 2020). BDBS is a large optical survey of
the southern Galactic bulge in the ugrizY filters spanning
200 deg? from —11° < [ < +11°and —13° < b < —2° (BDBS;
Johnson et al. 2020; Rich et al. 2020). To avoid the foreground
disk, all targeted stars had Gaia parallaxes <0.4 mas (Marchetti
et al. 2022).

The targeted giants all had griz photometry from BDBS that
indicated they followed the CMD of the potential Patchick
99 CMD. In Figure 1 (right panel), the dereddened i, versus
(g —i)o CMD is shown, where the reddening procedure from
Simion et al. (2017) was used to account for extinction along the
line of sight. Two possible MESA Isochrones and Stellar Tracks
(Choi et al. 2016) isochrones that adopt the cluster’s distance
derived in this work (6.7 4 0.4 kpc)—one with [Fe/H]=
—0.2 and one with [Fe/H] = —0.7—are shown. The horizontal
branch (HB) isochrones come from PGPUC"® using DECam
filters, and standard GC values for a metal-rich bulge cluster,
e.g., helium (¥Y=0.25), [a/Fe]=0.2, progenitor mass =
0.8M,, (Valcarce et al. 2012; Gran et al. 2021).

The BDBS CMD shows the isochrone using the cluster
metallicity and age as put forward by Garro et al. (2021)
([Fe/H] = —0.2, age=10Gyr). We also show the isochrone
using the cluster metallicity determined here and an age more
indicative of bulge GCs with RRLs ([Fe/H]=—0.7, age=
12 Gyr). The optical CMD presented here is not used to constrain
any cluster parameters but to verify consistency between the
BDBS photometry and the cluster parameters derived here
using RRLs.

2.2. Velocities

IRAF’s xcsao routine was used to calculate radial
velocities by cross-correlating science spectra against five
calibration spectra. These calibration templates were chosen
from the Apache Point Observatory galaxy Evolution Experi-
ment (APOGEE; Abdurro’uf et al. 2022) DR17 database and
all observed during our five-night run at the Anglo-Australian
Telescope. Specifically, the radial velocity templates used
were from APOGEE 2M18134674-2926056 (RV =27.88 £
0.03kms "), APOGEE 2M17514997-2906055 (RV = —187.33 &
0.02kms '), APOGEE2M17521244-2919510 (RV =65.13 +
0.05kms™"), APOGEE 2M17525012-3146525 (RV = —221.609 +
0.02kms™ '), and APOGEE 2M17505621-3240401 (RV =
—229.373 £0.10kms ™).

Twelve RRLs—ten RRab stars and two RRc stars—within
10" of Patchick 99’s center were observed three times during
the observing run. The velocity curves for 10 of these RRLs are
shown in Figure 2. The spectrum for the RRab star OGLE-
BLG-RRLYR-35355 had a signal-to-noise per pixel of <2 and
so was excluded from kinematic analysis. The RRc star OGLE-
BLG-RRLYR-35447 was also excluded from analysis, as the
extracted spectrum was a superposition of the two different
stars landing in the AAOmega fiber, and we were unable to
separate the two spectra to isolate that of the RRL.

The RRL velocity curves show the corresponding template
from Prudil et al. (2024), derived specifically for RRLs in the
bulge. Each observation time was converted into pulsation
phase, ¢, using the OGLE pulsation ephemerides and pulsation
periods so that maximum light falls at ¢ =0 for each RRL
(OGLE; Udalski et al. 2015). These templates were used to

18 http:/ /www2.astro.puc.cl /pgpuc/iso.php
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Figure 1. Left, top: a BDBS z-band image of Patchick 99 is shown with dimensions of 9’ x 4'5; OGLE-BLG-RRLYR-35459, one of the three RRLs associated with
this cluster, is highlighted. Left, bottom: this proper motion distribution shows spectroscopically targeted stars presented here (bolded) as compared to BDBS stars
within 24 of Patchick 99 (gray). The most probable members of Patchick 99 are the RRLs designated with circles (red) as well as the giants designated with upside-
down triangles (magenta). Right: the BDBS color—magnitude diagram of stars within 2/4 of Patchick 99 (gray) as compared to the spectroscopically targeted stars

presented here (bolded).

calculate center-of-mass radial velocities for the stars, using the
Fourier fits from the template spectra to fit the template model
to the observations (Prudil et al. 2024). The uncertainty
adopted for each star is 10 km s~!. which includes the
uncertainties in the individual radial velocity measurements
combined with the uncertainties in the template fitting.

Five of the ten stars were observed as part of the APOGEE
DR17. To overplot these onto the radial velocity curves, the
time of observation specified by the column JD in the
APOGEE allvisit-drl7-synspec_revl. fits' file
was used. There is good agreement between the APOGEE
observations and our observations, except for the star OGLE-
BLG-RRLYR-16094, where the APOGEE observations appear
to be offset in phase by ~0.35. This could be due to a varying
period of this star, although this star is not flagged as a period-
changing star or Blazhko variable in the OGLE catalog (Prudil
& Skarka 2017).

We searched the Gaia DR3 database (Gaia Collaboration
et al. 2023) for additional stars with proper motions, radial

19 https: //www.sdss4.org/dr17 /irspec/spectro_data/

velocities, photometric metallicities, and photometric distances
consistent with Patchick 99. Apart from the observed giants,
we were not successful in finding any star in Gaia that we
believed was consistent with Patchick 99 membership.

3. Patchick 99 Discussion
3.1. Velocities

Six RRLs are postulated to be Patchick 99 cluster members
by Garro et al. (2021) based on their period—luminosity
relation. However, only three of those have proper motions
consistent with Patchick 99. The mean heliocentric radial
velocity of these three stars is —92.3 £ 6kms ', To take into
account the random errors of £10km s~ " in the RRL systemic
velocities, the intrinsic velocity dispersion, 05 = 02, — agri, is
found. The obtained internal dispersion of op=3kms™  is
typical for GCs, especially in the lower-luminosity range.

The rotation curve of the Galactic bulge is well known (e.g.,
Kunder et al. 2012), and at the location of Patchick 99, the
typical galactocentric velocity is ~30kms™'. In contrast, the
mean galactocentric velocity of the three Patchick 99 RRLs is
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Figure 2. The line-of-sight velocity curves of 10 RRLs within 10’ of Patchick 99, where our observations are designated by solid circles (black). The Prudil et al.
(2024) templates shown are used to determine the systemic velocities for the RRLs. The three leftmost panels (red) indicate the RRLs with Gaia proper motions
consistent with Patchick 99. The four center and rightmost RRL velocity curves do not have proper motions consistent with Patchick 99. Five stars have APOGEE

observations, which are designated by diamonds (purple).

~—75km sfl, indicating their velocities are distinct from the
underlying bulge field.

Four giants are found to be within the radial velocity range
of the RRLs (i.e., between —107 and —75 km sfl). These are
listed in Table 1. We show in Section 3.2 that two of those four
giants, the two with radial velocities ~—100 km s_l, have
spectroscopic metallicities that are consistent with belonging to
Patchick 99. The two giants with radial velocities of
~—80kms ™" are not as metal-poor as the RRL and therefore
more likely to belong to the bulge field. The two red clump
stars have neither a consistent proper motion nor radial velocity
and are shown in Figures 1 and 3.

Table 1 lists the radial velocities of all the RRLs, as well as
the giants and red clump stars. A portion of the table is shown
for clarity; all 53 observed giants are included in the electronic
version of this paper.

3.2. Metallicity

The photometric metallicities for the observed RRab stars are
calculated using the relations from Dékany et al. (2021) and are
listed in Table 1 and shown in Figure 3. The formal error in
these metallicities is +0.2 (Dékdny et al. 2021), although
photometric metallicities derived from the pulsation properties
are better suited to describe the average metallicity of a
population of RRLs rather than the metal abundance of an
individual RRL. The two RRab candidate Patchick 99 RRLs
have photometric [Fe/H] metallicities that are the two most
metal-rich stars of the RRL sample, with [Fe/H] = —1.04 and
[Fe/H] = —1.35 on the For et al. (2011), Chadid et al. (2017),
Sneden et al. (2017), and Crestani et al. (2021) metallicity
scale, abbreviated as CFCS. This translates to [Fe/H] = —0.74
and [Fe/H]=-1.05 on the APOGEE ASPCAP [Fe/H]
metallicity scale (Kunder et al. 2024), which we will use

throughout this analysis. The photometric metallicity for the
RRc candidate Patchick 99 RRL is [Fe/H] = —1.65. Photo-
metric metallicities for RRc stars are not as robust as for the
RRab stars as the spectroscopic calibrating set for the RRc stars
is one-third the size of the spectroscopic calibrating set for the
RRab stars and has especially few stars at the higher-metallicity
range.

Due to the similarity in the CMD between Patchick 99 and
the bulge field, it was postulated that this cluster is on the
metal-rich end. The photometric metallicities of the RRab stars
do suggest it has a metallicity more metal-rich than the typical
bulge RRL metallicity, which peaks at [Fe/H]= —1.2dex
(Dékany et al. 2021), but we find it is more metal-poor than the
[Fe/H] = —0.2 dex estimate put forward by Garro et al. (2021)
from CMD fitting.

The SP_ACE code (Boeche et al. 2021) was used to
determine spectroscopic metallicities for both the giants and red
clump stars in our sample. Kunder et al. (2024) use AAOmega
spectra taken with the same wavelength range and resolution
used here to show that SP_ACE can reproduce [Fe/H]
metallicities with an accuracy of 0.2 dex over a metallicity
range of [Fe/H]~—0.9 to ~+0.2 dex.

Two of the four giants with radial velocities similar to the
RRL in Patchick 99 have [Fe/H] metallicities within 1o of the
Patchick 99 RRLs. These two stars are more metal-poor than
the majority of the field stars and have an average [Fe/H]
metallicity of —0.60. These are the most likely candidate
Patchick 99 giants.

3.3. Distance and Orbit

Distances to the RRLs were determined using empirical
period-absolute magnitude—metallicity (PMZ) relations from
Prudil et al. (2023), which are calibrated from local RRLs with



Table 1
This Table Is Published in Its Entirety in the Electronic Version of This Paper
Source-ID R.A. (deg) Decl. (deg) d.., (kpc) I'pgg (arcmin) Y (mas yr ) Jis (mas yr 1) HRV (km s~ ') [Fe/H] Type
OGLE-BLG-RRLYR-35476* 274.0053 + 0.0347 —29.9212 +0.0314 6.85 +0.44 7.420 —4.59 £ 0.04 —3.99 4+ 0.03 —78.6 £ 10 —0.74 £ 0.20 RRab
OGLE-BLG-RRLYR-35312* 273.8098 £ 0.0369 —29.8325 +0.0318 6.96 + 0.45 8.247 —3.95£0.05 —3.25+£0.03 —104.2 £ 10 —1.05 £ 0.20 RRab
OGLE-BLG-RRLYR-35459* 273.9749 + 0.0603 —29.8401 4+ 0.0563 6.41 +0.43 2.392 —3.96 £+ 0.08 —7.92 4+ 0.06 —94.0 + 10 —1.65 £ 0.20 RRc
4049645773449540864 273.9069 + 0.0446 —29.8169 + 0.0398 2.349 —3.96 £ 0.05 —4.38 £ 0.04 —75.26 + 1.84 —0.3+£0.20 Giant
4049646013961775232 273.9553 4+ 0.0360 —29.8025 £+ 0.0323 0.846 —4.45 £ 0.04 —4.37 £ 0.03 —79.04 £1.35 —0.26 £ 0.28 Giant
4049646254479960832* 273.9205 + 0.0404 —29.7930 + 0.0363 1.940 —2.63 £ 0.05 —3.92 +£0.04 —100.20 + 1.16 —0.52 +£0.27 Giant
4049649419971997952* 2739137 £ 0.1023 —29.7437 + 0.0867 4.585 —2.08 £0.13 -5.25£0.10 —106.20 + 1.83 —0.68 £+ 0.20 Giant
Observed stars that do not have velocities consistent with Patchick 99

OGLE-BLG-RRLYR-16094 273.9599 + 0.0369 —29.7208 + 0.0324 8.43 +0.55 5.586 4.52 +0.05 —3.62 +0.03 72+ 10 —1.06 £+ 0.20 RRab
OGLE-BLG-RRLYR-35382 273.8947 + 0.0372 —29.8940 + 0.0334 8.22 +£0.53 5.760 1.89 + 0.04 1.41 +£0.03 —46.4 £ 10 —1.38 £0.20 RRab
OGLE-BLG-RRLYR-16108 273.9885 £+ 0.0471 —29.7487 £+ 0.0409 8.39 + 0.55 4.618 1.59 £ 0.06 1.33 £0.04 —70.7 £ 10 —1.61 £0.20 RRab
OGLE-BLG-RRLYR-35381 273.8937 + 0.0511 —29.8050 + 0.0458 11.62 £ 0.77 3.163 —1.44 £ 0.06 —0.22 £ 0.05 —65.7£10 —1.13 £0.20 RRab
OGLE-BLG-RRLYR-35535 274.0875 + 0.0722 —29.8810 + 0.0604 9.58 £0.63 9.433 —5.58 £ 0.09 —1.95 +£0.07 112.1 £ 10 —1.24 £ 0.20 RRab
OGLE-BLG-RRLYR-35431 273.9381 + 0.0410 —29.9478 + 0.0382 8.62 + 0.56 8.115 0.97 +0.05 —1.75 £ 0.04 —240.6 + 10 —1.63 £0.20 RRab
OGLE-BLG-RRLYR-35364 273.8741 £+ 0.2738 —29.8689 + 0.2809 26.26 £ 2.58 5.461 —4.57 +£0.34 —2.86 £ 0.26 1515 £ 10 —1.40 £ 0.20 Sgr RRab
4049646701162462208 273.8062 + 0.0520 —29.8618 + 0.0474 8.881 2.95 +0.06 —3.70 £ 0.05 7.7+ 10 —0.13 £0.12 RC
4049739678702776064 274.0793 £+ 0.0378 —29.7415 + 0.0342 9.080 3.30 £ 0.04 —3.06 £0.03 72+ 10 —0.51 £ 0.11 RC

Note. Our derived radial velocities and [Fe/H] metallicities for the observed RR Lyrae stars, giant, and red clump stars within 10” of the center of Patchick 99 are presented here. A portion is shown here for clarity. The
asterisk () symbol indicates stars with velocities and metallicities consistent with Patchick 99.

(This table is available in its entirety in machine-readable form.)
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Figure 3. Left: the photometric and spectroscopic metallicities and heliocentric radial velocities of stars within 10’ of Patchick 99’s center. The radial velocities of all
RR Lyraes have an uncertainty of ~10 km s~". Center: the heliocentric radial velocities of stars within 10’ of Patchick 99. Right: the heliocentric distances for the RR
Lyrae stars within 10" of Patchick 99’s center. All: RR Lyrae stars with radial velocities and proper motions consistent with Patchick 99 are marked with red circles.
Giants with radial velocities and proper motions consistent with Patchick 99 are marked with magenta upside-down triangles.
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Figure 4. The integrated orbit of Patchick 99 using as initial conditions the distance and radial velocity presented here along with the position and proper motion
values from Garro et al. (2021). The projection of the orbit on the Galactic plane (x—y), the (x—z) plane, and the meridional plane (R—z) are all shown and suggest this
candidate cluster is confined to the inner galaxy. The cluster’s present-day location is highlighted as a red dot.

Gaia parallaxes. These are intended to be used in conjunction
with the Gaia catalog and the bulge photometric surveys of
OGLE and VVV and are therefore particularly well suited for
the RRLs presented here. Figure 3 (right panel) shows the
distances of nine of the 10 RRLs observed; OGLE-BLG-
RRLYR-35364 is not shown, as it is at a distance of ~26 kpc.
This distance and radial velocity are consistent with OGLE-
BLG-RRLYR-35364 belonging to the Sagittarius Dwarf
galaxy (Kunder & Chaboyer 2009).

The three candidate RRLs of Patchick 99 cluster in distance
space, with distances within 1o of each other. Their mean
heliocentric distance is d., = 6.7 £ 0.4 kpc, which is similar to
the distance of 6.6 £ 0.6 kpc reported by Garro et al. (2021).
The other RRLs within 10’ from Patchick 99 have distances
offset from the candidate RRL cluster stars.

To simulate the orbital trajectory of Patchick 99 over the past
Gyr, we used the Gala python package (Price-Whelan 2017; Price-
Whelan et al. 2023). For this calculation, we adopt a Galactic
potential with three components: a flattened 6 x 10" M.,
Miyamoto & Nagai (1975) stellar disk with a 3.5 kpc scale length
and 0.280 kpc scale height; a triaxial Long & Murali (1992) bar
with M =10" M, and appropriate shape parameters (a =4 kpc,
b=08kpc, c=025kpc, and av=25°; and a 6 x 10" M,
Navarro et al. (1996) dark matter halo with a 20 kpc scale radius.

The cluster’s present-day orbital parameters were defined with the
values given earlier in this paper: namely, the cluster’s position
(R.A. =273%94583, decl. = —29°81278), proper motion (i, =
—298 +2.5masyr ', jis=—549 + 2.5 mas yr '), radial velocity
(—92 £ 10kms™ "), and distance (6.7 0.4 kpc). By defining a
time step of —0.5 Myr and then integrating the orbit over 2000
steps, the last billion years of Patchick 99’s orbit were calculated
and shown in Figure 4. During this period, the cluster has been in a
flattened orbit that does not extend beyond 1.75kpc from the
Galactic center or 0.75 kpc from the Galactic midplane. We have
experimented with changing the distance, radial velocity, and
proper motion within their uncertainties and also experimented
with changing the Galactic potential. Although this does affect the
specific shape of the orbit, the cluster always remains confined to
the innermost 2 kpc of the Galactic center.

4. Conclusions and Final Remarks

Patchick 99 is a candidate low-luminosity GC located in the
inner galaxy. We present the first spectroscopic observations
for stars within 10’ of the center of Patchick 99 to determine the
radial velocity of stars belonging to this structure. Our focus is
on the RRLs because giants are ubiquitous in the bulge field
and heavily overlap with both the CMD and proper motion
distribution of Patchick 99 (Garro et al. 2021). The use of RRLs
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as probes of GCs is advantageous as overdensities of HB stars
can separate GCs from the crowded bulge field (e.g., Rich et al.
2020).

The three RRLs with proper motions consistent with the
cluster have similar radial velocities of (RV)=-923+
10kms~ ' with a standard deviation of ¢ =3kms '. They
further clump in distance space, with a mean heliocentric
distance of d., = 6.7 £ 0.4 kpc. Therefore, the RRL population
of Patchick 99 suggests it is a bona fide low-luminosity GC on
the near side of the bulge.

A sample size of three is not ideal for determining the mean
properties of a cluster; having a larger sample of stars would
improve the mean velocity and dispersion for this potential
cluster. The low luminosity of Patchick 99 means only a handful
of giant and HB stars belonging to the cluster will exist, and
identifying cluster members will be challenging. For example,
Simpson et al. (2017) found only 11 cool giants and HB stars in
the low-luminosity cluster ESO452-SC11 (cluster mass of
6.8 £+ 3.4 x 10°M..). In this study, very few giants targeted have
properties indicating they could be probable cluster members. In
particular, two of the 53 giants observed have velocities and [Fe/
H] metallicities consistent with cluster membership. Probing the
fainter main-sequence stars may be needed for future studies.
The metallicities of these two giants combined with the
photometric metallicities of the RRLs indicate a mean metallicity
of —0.75 £ 0.3 dex. The metallicity and distance found here is
consistent with isochrones fit to the BDBS CMD.

Given the low Iluminosity of Patchick 99, it is worth
considering how likely it would be for this cluster to harbor
a population of three RRLs. Synthetic HB procedures may be
usefully adopted to predict relevant features of the frequency of
RRLs as a function of cluster mass, but this is beyond the scope
of our paper. Observationally, it is worth noting that ultrafaint
dwarf galaxies with similar brightness as Patchick 99 have
1-12 RRLs (Martinez-Vazquez et al. 2019; Vivas et al. 2020).

The small mass of Patchick 99 combined with its position
just a few kiloparsecs of the Galactic center means it must have
lost most of its initial mass and should be close to final
dissolution (Baumgardt & Makino 2003). The spread in radial
velocity and proper motion of the RRLs may indicate that
Patchick 99 is a fragment of a larger tidally disrupted structure
rather than a GC. Additional observations focused on the
region immediately surrounding Patchick 99 are necessary to
better constrain the nature and characteristics of Patchick 99.

Acknowledgments

AM.K. acknowledges support from grant AST-2009836 from
the National Science Foundation. AM K., K.R.C., J.H., K.D.
acknowledge the M.J. Murdock Charitable Trust’s support
through its RAISE (Research Across Institutions for Scientific
Empowerment) program. This work was made possible through
the Preparing for Astrophysics with LSST Program, supported
by the Heising-Simons Foundation and managed by Las
Cumbres Observatory. M.J. gratefully acknowledges the funding
of MATISSE: Measuring Ages Through Isochrones, Seismol-
ogy, and Stellar Evolution, awarded through the European
Commission’s Widening Fellowship. This project has received
funding from the European Union’s Horizon 2020 research and
innovation program.

Based in part on data obtained at Siding Spring Observatory
[via PROP-ID: O/2022A/3002]. We acknowledge the tradi-
tional owners of the land on which the AAT stands, the

Butler et al.

Gamilaraay people, and pay our respects to elders past and
present.

This project used data obtained with the Dark Energy Camera
(DECam), which was constructed by the Dark Energy Survey
(DES) collaboration. Funding for the DES Projects has been
provided by the US Department of Energy, the US National
Science Foundation, the Ministry of Science and Education of
Spain, the Science and Technology Facilities Council of the
United Kingdom, the Higher Education Funding Council for
England, the National Center for Supercomputing Applications at
the University of Illinois at Urbana-Champaign, the Kavli
Institute for Cosmological Physics at the University of Chicago,
Center for Cosmology and Astro-Particle Physics at the Ohio
State University, the Mitchell Institute for Fundamental Physics
and Astronomy at Texas A&M University, Financiadora de
Estudos e Projetos, Fundagao Carlos Chagas Filho de Amparo a
Pesquisa do Estado do Rio de Janeiro, Conselho Nacional de
Desenvolvimento Cientifico e Tecnoldgico and the Ministério da
Ciéncia, Tecnologia e Inovagdo, the Deutsche Forschungsge-
meinschaft, and the Collaborating Institutions in the Dark Energy
Survey.

The Collaborating Institutions are Argonne National Laboratory,
the University of California at Santa Cruz, the University of
Cambridge, Centro de Investigaciones Enérgeticas, Medioambien-
tales y Tecnoldgicas-Madrid, the University of Chicago, University
College London, the DES-Brazil Consortium, the University of
Edinburgh, the FEidgendssische Technische Hochschule (ETH)
Ziirich, Fermi National Accelerator Laboratory, the University of
Illinois at Urbana-Champaign, the Institut de Ciéncies de 1’Espai
(IEEC/CSIC), the Institut de Fisica d’Altes Energies, Lawrence
Berkeley National Laboratory, the Ludwig-Maximilians Universi-
tdt Miinchen and the associated Excellence Cluster Universe, the
University of Michigan, NSF’s NOIRLab, the University of
Nottingham, the Ohio State University, the OzDES Membership
Consortium, the University of Pennsylvania, the University of
Portsmouth, SLAC National Accelerator Laboratory, Stanford
University, the University of Sussex, and Texas A&M University.

Based on observations at Cerro Tololo Inter-American
Observatory, NSF’s NOIRLab (NOIRLab Prop. ID 2013A-0529;
2014A-0480; PI: M. Rich), which is managed by the Association
of Universities for Research in Astronomy (AURA) under a
cooperative agreement with the National Science Foundation.

This work used data from the Sloan Digital Sky Survey
(SDSS). Funding for the Sloan Digital Sky Survey IV has been
provided by the Alfred P. Sloan Foundation, the U.S. Department
of Energy Office of Science, and the Participating Institutions.

SDSS-IV acknowledges the support and resources from the
Center for High-Performance Computing at the University of
Utah. The SDSS website is www.sdss4.org.

SDSS-IV is managed by the Astrophysical Research
Consortium for the Participating Institutions of the SDSS
Collaboration including the Brazilian Participation Group, the
Carnegie Institution for Science, Carnegie Mellon University,
Center for Astrophysics—Harvard & Smithsonian, the Chilean
Participation Group, the French Participation Group, Instituto de
Astrofisica de Canarias, The Johns Hopkins University, Kavli
Institute for the Physics and Mathematics of the Universe
(IPMU) / University of Tokyo, the Korean Participation Group,
Lawrence Berkeley National Laboratory, Leibniz Institut fiir
Astrophysik Potsdam (AIP), Max-Planck-Institut fiir Astronomie
(MPIA Heidelberg), Max-Planck-Institut fiir Astrophysik (MPA
Garching), Max-Planck-Institut fiir Extraterrestrische Physik


http://www.sdss4.org

THE ASTROPHYSICAL JOURNAL LETTERS, 963:1L.33 (8pp), 2024 March 1

(MPE), National Astronomical Observatories of China, New
Mexico State University, New York University, University of
Notre Dame, Observatario Nacional / MCTIL, The Ohio State
University, Pennsylvania State University, Shanghai Astronom-
ical Observatory, United Kingdom Participation Group, Uni-
versidad Nacional Auténoma de México, University of Arizona,
University of Colorado Boulder, University of Oxford, Uni-
versity of Portsmouth, University of Utah, University of
Virginia, University of Washington, University of Wisconsin,
Vanderbilt University, and Yale University.

This work has made use of data from the European Space
Agency (ESA) mission Gaia (https://www.cosmos.esa.int/
gaia), processed by the Gaia Data Processing and Analysis
Consortium (DPAC, https://www.cosmos.esa.int/web/gaia/
dpac/consortium). Funding for the DPAC has been provided
by national institutions, in particular, the institutions participat-
ing in the Gaia Multilateral Agreement.

ORCID iDs

Evan Butler © https: //orcid.org/0000-0002-1533-6004
Andrea Kunder ® https: //orcid.org /0000-0002-2808-1370
Zdenek Prudil © https: //orcid.org/0000-0001-5497-5805
Kevin R. Covey @ https: //orcid.org/0000-0001-6914-7797
Carlos Campos @ https: //orcid.org/0009-0009-4825-429X
Joanne Hughes @ https: //orcid.org /0000-0002-9074-0306
Kathryn Devine © https: //orcid.org /0000-0002-3723-6362
Christian I. Johnson ® https: //orcid.org/0000-0002-8878-3315
A. Katherina Vivas @ https: //orcid.org/0000-0003-4341-6172
R. Michael Rich ® https: //orcid.org/0000-0003-0427-8387
Meridith Joyce ® https: //orcid.org/0000-0002-8717-127X
Iulia T. Simion © https: //orcid.org/0000-0001-8889-0762
Andreas J. Koch-Hansen © https: //orcid.org/0000-0002-
9859-4956

William I. Clarkson @ https: //orcid.org/0000-0002-2577-8885

References

Abdurro’uf, Accetta, K., Aerts, C., et al. 2022, ApJS, 259, 35
Baumgardt, H., & Hilker, M. 2018, MNRAS, 478, 1520

Butler et al.

Baumgardt, H., & Makino, J. 2003, MNRAS, 340, 227

Baumgardt, H., & Vasiliev, E. 2021, MNRAS, 505, 5957

Bica, E., Pavani, D. B., Bonatto, C. J., & Lima, E. F. 2019, AJ, 157, 12

Boeche, C., Vallenari, A., & Lucatello, S. 2021, A&A, 645, 35

Boley, A. C., Lake, G., Read, J., & Teyssier, R. 2009, ApJL, 706, L192

Brodie, J. P., & Strader, J. 2006, ARA&A, 44, 193

Chadid, M., Sneden, C., & Preston, G. W. 2017, ApJ, 835, 187

Choi, J., Dotter, A., Conroy, C., et al. 2016, ApJ, 823, 102

Crestani, J., Fabrizio, M., Braga, V. F., et al. 2021, AplJ, 908, 20

Dékany, 1., Grebel, E. K., & Pojmaniski, G. 2021, ApJ, 920, 33

Diemand, J., Madau, P., & Moore, B. 2005, MNRAS, 364, 367

Fernandez-Trincado, J. G., Minniti, D., Souza, S. O., et al. 2021, AplJ,
908, 42

For, B.-Q., Sneden, C., & Preston, G. W. 2011, ApJS, 197, 29

Gaia Collaboration, Vallenari, A., et al. 2023, A&A, 674, 1

Garro, E. R., Minniti, D., Gémez, M., et al. 2021, A&A, 649, 86

Gran, F., Zoccali, M., Contreras Ramos, R., et al. 2019, A&A, 628, 45

Gran, F., Zoccali, M., Rojas-Arriagada, A., et al. 2021, MNRAS, 504, 3494

Gran, F., Zoccali, M., Saviane, 1, et al. 2022, MNRAS, 509, 4962

Johnson, C. I., Rich, R. M., Simion, I. T., et al. 2022, MNRAS, 515, 1469

Johnson, C. L, Rich, R. M., Young, M. D., et al. 2020, MNRAS, 499, 2357

Kronberger, M., Teutsch, P., Alessi, B., et al. 2006, A&A, 447, 921

Kunder, A., & Chaboyer, B. 2009, AJ, 137, 4478

Kunder, A., Koch, A., Rich, R. M., et al. 2012, AJ, 143, 57

Kunder, A. M., Prudil, Z., Covey, K. R., et al. 2024, AJ, 167, 21

Long, K., & Murali, C. 1992, ApJ, 397, 44

Marchetti, T., Johnson, C. I, Joyce, M., et al. 2022, A&A, 664, 124

Martinez-Vazquez, C. E., Vivas, A. K., Gurevich, M., et al. 2019, MNRAS,
490, 2183

Minniti, D., Lucas, P. W., Emerson, J. P., et al. 2010, NewA, 15, 433

Miyamoto, M., & Nagai, R. 1975, PAS]J, 27, 533

Navarro, J. F., Frenk, C. S., & White, S. D. M 1996, ApJ, 462, 563

Price-Whelan, A., Sipdcz, B., Wagg, T., et al. 2023, adrn/gala: v1.6.1, Zenodo,
doi: 10.5281/zenodo.7299506

Price-Whelan, A. M. 2017, JOSS, 2, 388

Prudil, Z., Kunder, A., Dekany, I., & Koch-Hansen, A. J. 2023, arXiv:2310.
19438

Prudil, Z., & Skarka, M. 2017, MNRAS, 466, 3

Prudil, Z., Smolec, R., Kunder, A., et al. 2024, A&A, submitted

Rich, R. M., Johnson, C. L, Young, M., et al. 2020, MNRAS, 499, 2340

Simion, I. T., Belokurov, V., Irwin, M., et al. 2017, MNRAS, 471, 4323

Simpson, J. D., De Silva, G., Martell, S. L., Navin, C. A., & Zucker, D. B.
2017, MNRAS, 472, 2856

Sneden, C., Preston, G. W., Chadid, M., & Adaméw, M. 2017, ApJ, 848, 68

Udalski, A., Szymanski, M. K., & Szymanski, G. 2015, AcAau, 65, 1

Valcarce, A. A. R., Catelan, M., & Sweigart, A. V. 2012, A&A, 547, 5

Vivas, A. K., Martinez-Vazquez, C., & Walker, A. R. 2020, ApJS, 247, 35


https://www.cosmos.esa.int/gaia
https://www.cosmos.esa.int/gaia
https://www.cosmos.esa.int/web/gaia/dpac/consortium
https://www.cosmos.esa.int/web/gaia/dpac/consortium
https://orcid.org/0000-0002-1533-6004
https://orcid.org/0000-0002-1533-6004
https://orcid.org/0000-0002-1533-6004
https://orcid.org/0000-0002-1533-6004
https://orcid.org/0000-0002-1533-6004
https://orcid.org/0000-0002-1533-6004
https://orcid.org/0000-0002-1533-6004
https://orcid.org/0000-0002-1533-6004
https://orcid.org/0000-0002-2808-1370
https://orcid.org/0000-0002-2808-1370
https://orcid.org/0000-0002-2808-1370
https://orcid.org/0000-0002-2808-1370
https://orcid.org/0000-0002-2808-1370
https://orcid.org/0000-0002-2808-1370
https://orcid.org/0000-0002-2808-1370
https://orcid.org/0000-0002-2808-1370
https://orcid.org/0000-0001-5497-5805
https://orcid.org/0000-0001-5497-5805
https://orcid.org/0000-0001-5497-5805
https://orcid.org/0000-0001-5497-5805
https://orcid.org/0000-0001-5497-5805
https://orcid.org/0000-0001-5497-5805
https://orcid.org/0000-0001-5497-5805
https://orcid.org/0000-0001-5497-5805
https://orcid.org/0000-0001-6914-7797
https://orcid.org/0000-0001-6914-7797
https://orcid.org/0000-0001-6914-7797
https://orcid.org/0000-0001-6914-7797
https://orcid.org/0000-0001-6914-7797
https://orcid.org/0000-0001-6914-7797
https://orcid.org/0000-0001-6914-7797
https://orcid.org/0000-0001-6914-7797
https://orcid.org/0009-0009-4825-429X
https://orcid.org/0009-0009-4825-429X
https://orcid.org/0009-0009-4825-429X
https://orcid.org/0009-0009-4825-429X
https://orcid.org/0009-0009-4825-429X
https://orcid.org/0009-0009-4825-429X
https://orcid.org/0009-0009-4825-429X
https://orcid.org/0009-0009-4825-429X
https://orcid.org/0000-0002-9074-0306
https://orcid.org/0000-0002-9074-0306
https://orcid.org/0000-0002-9074-0306
https://orcid.org/0000-0002-9074-0306
https://orcid.org/0000-0002-9074-0306
https://orcid.org/0000-0002-9074-0306
https://orcid.org/0000-0002-9074-0306
https://orcid.org/0000-0002-9074-0306
https://orcid.org/0000-0002-3723-6362
https://orcid.org/0000-0002-3723-6362
https://orcid.org/0000-0002-3723-6362
https://orcid.org/0000-0002-3723-6362
https://orcid.org/0000-0002-3723-6362
https://orcid.org/0000-0002-3723-6362
https://orcid.org/0000-0002-3723-6362
https://orcid.org/0000-0002-3723-6362
https://orcid.org/0000-0002-8878-3315
https://orcid.org/0000-0002-8878-3315
https://orcid.org/0000-0002-8878-3315
https://orcid.org/0000-0002-8878-3315
https://orcid.org/0000-0002-8878-3315
https://orcid.org/0000-0002-8878-3315
https://orcid.org/0000-0002-8878-3315
https://orcid.org/0000-0002-8878-3315
https://orcid.org/0000-0003-4341-6172
https://orcid.org/0000-0003-4341-6172
https://orcid.org/0000-0003-4341-6172
https://orcid.org/0000-0003-4341-6172
https://orcid.org/0000-0003-4341-6172
https://orcid.org/0000-0003-4341-6172
https://orcid.org/0000-0003-4341-6172
https://orcid.org/0000-0003-4341-6172
https://orcid.org/0000-0003-0427-8387
https://orcid.org/0000-0003-0427-8387
https://orcid.org/0000-0003-0427-8387
https://orcid.org/0000-0003-0427-8387
https://orcid.org/0000-0003-0427-8387
https://orcid.org/0000-0003-0427-8387
https://orcid.org/0000-0003-0427-8387
https://orcid.org/0000-0003-0427-8387
https://orcid.org/0000-0002-8717-127X
https://orcid.org/0000-0002-8717-127X
https://orcid.org/0000-0002-8717-127X
https://orcid.org/0000-0002-8717-127X
https://orcid.org/0000-0002-8717-127X
https://orcid.org/0000-0002-8717-127X
https://orcid.org/0000-0002-8717-127X
https://orcid.org/0000-0002-8717-127X
https://orcid.org/0000-0001-8889-0762
https://orcid.org/0000-0001-8889-0762
https://orcid.org/0000-0001-8889-0762
https://orcid.org/0000-0001-8889-0762
https://orcid.org/0000-0001-8889-0762
https://orcid.org/0000-0001-8889-0762
https://orcid.org/0000-0001-8889-0762
https://orcid.org/0000-0001-8889-0762
https://orcid.org/0000-0002-9859-4956
https://orcid.org/0000-0002-9859-4956
https://orcid.org/0000-0002-9859-4956
https://orcid.org/0000-0002-9859-4956
https://orcid.org/0000-0002-9859-4956
https://orcid.org/0000-0002-9859-4956
https://orcid.org/0000-0002-9859-4956
https://orcid.org/0000-0002-9859-4956
https://orcid.org/0000-0002-9859-4956
https://orcid.org/0000-0002-2577-8885
https://orcid.org/0000-0002-2577-8885
https://orcid.org/0000-0002-2577-8885
https://orcid.org/0000-0002-2577-8885
https://orcid.org/0000-0002-2577-8885
https://orcid.org/0000-0002-2577-8885
https://orcid.org/0000-0002-2577-8885
https://orcid.org/0000-0002-2577-8885
https://doi.org/10.3847/1538-4365/ac4414
https://ui.adsabs.harvard.edu/abs/2022ApJS..259...35A/abstract
https://doi.org/10.1093/mnras/sty1057
https://ui.adsabs.harvard.edu/abs/2018MNRAS.478.1520B/abstract
https://doi.org/10.1046/j.1365-8711.2003.06286.x
https://ui.adsabs.harvard.edu/abs/2003MNRAS.340..227B/abstract
https://doi.org/10.1093/mnras/stab1474
https://ui.adsabs.harvard.edu/abs/2021MNRAS.505.5957B/abstract
https://doi.org/10.3847/1538-3881/aaef8d
https://ui.adsabs.harvard.edu/abs/2019AJ....157...12B/abstract
https://doi.org/10.1051/0004-6361/202038973
https://ui.adsabs.harvard.edu/abs/2021A&A...645A..35B/abstract
https://doi.org/10.1088/0004-637X/706/1/L192
https://ui.adsabs.harvard.edu/abs/2009ApJ...706L.192B/abstract
https://doi.org/10.1146/annurev.astro.44.051905.092441
https://ui.adsabs.harvard.edu/abs/2006ARA&A..44..193B/abstract
https://doi.org/10.3847/1538-4357/835/2/187
https://ui.adsabs.harvard.edu/abs/2017ApJ...835..187C/abstract
https://doi.org/10.3847/0004-637X/823/2/102
https://ui.adsabs.harvard.edu/abs/2016ApJ...823..102C/abstract
https://doi.org/10.3847/1538-4357/abd183
https://ui.adsabs.harvard.edu/abs/2021ApJ...908...20C/abstract
https://doi.org/10.3847/1538-4357/ac106f
https://ui.adsabs.harvard.edu/abs/2021ApJ...920...33D/abstract
https://doi.org/10.1111/j.1365-2966.2005.09604.x
https://ui.adsabs.harvard.edu/abs/2005MNRAS.364..367D/abstract
https://doi.org/10.3847/2041-8213/abdf47
https://ui.adsabs.harvard.edu/abs/2021ApJ...908L..42F/abstract
https://ui.adsabs.harvard.edu/abs/2021ApJ...908L..42F/abstract
https://doi.org/10.1088/0067-0049/197/2/29
https://ui.adsabs.harvard.edu/abs/2011ApJS..197...29F/abstract
https://doi.org/10.1051/0004-6361/202243940
https://ui.adsabs.harvard.edu/abs/2023A&A...674A...1G/abstract
https://doi.org/10.1051/0004-6361/202039255
https://ui.adsabs.harvard.edu/abs/2021A&A...649A..86G/abstract
https://doi.org/10.1051/0004-6361/201834986
https://ui.adsabs.harvard.edu/abs/2019A&A...628A..45G/abstract
https://doi.org/10.1093/mnras/stab1051
https://ui.adsabs.harvard.edu/abs/2021MNRAS.504.3494G/abstract
https://doi.org/10.1093/mnras/stab2463
https://ui.adsabs.harvard.edu/abs/2022MNRAS.509.4962G/abstract
https://doi.org/10.1093/mnras/stac1840
https://ui.adsabs.harvard.edu/abs/2022MNRAS.515.1469J/abstract
https://doi.org/10.1093/mnras/staa2393
https://ui.adsabs.harvard.edu/abs/2020MNRAS.499.2357J/abstract
https://doi.org/10.1051/0004-6361:20054057
https://ui.adsabs.harvard.edu/abs/2006A&A...447..921K/abstract
https://doi.org/10.1088/0004-6256/137/5/4478
https://ui.adsabs.harvard.edu/abs/2009AJ....137.4478K/abstract
https://doi.org/10.1088/0004-6256/143/3/57
https://ui.adsabs.harvard.edu/abs/2012AJ....143...57K/abstract
https://doi.org/10.3847/1538-3881/ad0cfc
https://ui.adsabs.harvard.edu/abs/2024AJ....167...21K/abstract
https://doi.org/10.1086/171764
https://ui.adsabs.harvard.edu/abs/1992ApJ...397...44L/abstract
https://doi.org/10.1051/0004-6361/202243921
https://ui.adsabs.harvard.edu/abs/2022A&A...664A.124M/abstract
https://doi.org/10.1093/mnras/stz2609
https://ui.adsabs.harvard.edu/abs/2019MNRAS.490.2183M/abstract
https://ui.adsabs.harvard.edu/abs/2019MNRAS.490.2183M/abstract
https://doi.org/10.1016/j.newast.2009.12.002
https://ui.adsabs.harvard.edu/abs/2010NewA...15..433M/abstract
https://ui.adsabs.harvard.edu/abs/1975PASJ...27..533M/abstract
https://doi.org/10.1086/177173
https://ui.adsabs.harvard.edu/abs/1996ApJ...462..563N/abstract
http://doi.org/10.5281/zenodo.7299506
https://doi.org/10.21105/joss.00388
https://ui.adsabs.harvard.edu/abs/2017JOSS....2..388P/abstract
http://arxiv.org/abs/2310.19438
http://arxiv.org/abs/2310.19438
https://doi.org/10.1093/mnras/stw3231
https://ui.adsabs.harvard.edu/abs/2017MNRAS.466.2602P/abstract
https://doi.org/10.1093/mnras/staa2426
https://ui.adsabs.harvard.edu/abs/2020MNRAS.499.2340R/abstract
https://doi.org/10.1093/mnras/stx1832
https://ui.adsabs.harvard.edu/abs/2017MNRAS.471.4323S/abstract
https://doi.org/10.1093/mnras/stx2174
https://ui.adsabs.harvard.edu/abs/2017MNRAS.472.2856S/abstract
https://doi.org/10.3847/1538-4357/aa8b10
https://ui.adsabs.harvard.edu/abs/2017ApJ...848...68S/abstract
https://doi.org/10.48550/arXiv.1504.05966
https://ui.adsabs.harvard.edu/abs/2015AcA....65....1U/abstract
https://doi.org/10.1051/0004-6361/201219510
https://ui.adsabs.harvard.edu/abs/2012A&A...547A...5V/abstract
https://doi.org/10.3847/1538-4365/ab67c0
https://ui.adsabs.harvard.edu/abs/2020ApJS..247...35V/abstract

	1. Introduction
	2. Observations and Data Reductions
	2.1. Observations and Target Selection
	2.2. Velocities

	3. Patchick 99 Discussion
	3.1. Velocities
	3.2. Metallicity
	3.3. Distance and Orbit

	4. Conclusions and Final Remarks
	References



