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ABSTRACT

Context. Globular clusters (GCs) are witnesses of the past accretion events onto the Milky Way (MW). In particular, the GCs of the
Sagittarius (Sgr) dwarf galaxy are important probes of an on-going merger.

Aims. Our main goal is to search for new GC members of this dwarf galaxy using the VISTA Variables in the Via Lactea Extended
Survey (VVVX) near-infrared database combined with the Gaia Early Data Release 3 (EDR3) optical database.

Methods. We investigated all VVVX-enabled discoveries of GC candidates in a region covering about 180 sq. deg. toward the bulge
and the Sgr dwarf galaxy. We used multiband point-spread function photometry to obtain deep color-magnitude diagrams (CMDs)
and luminosity functions (LFs) for all GC candidates, complemented by accurate Gaia-EDR3 proper motions (PMs) to select Sgr
members and variability information to select RR Lyrae which are potential GC members.

Results. After applying a strict PM cut to discard foreground bulge and disk stars, the CMDs and LFs for some of the GC candidates
exhibit well defined red giant branches and red clump giant star peaks. We selected the best Sgr GCs, estimating their distances,
reddenings, and associated RR Lyrae.

Conclusions. We discover 12 new Sgr GC members, more than doubling the number of GCs known in this dwarf galaxy. In addition,

there are 11 other GC candidates identified that are uncertain, awaiting better data for confirmation.
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1. Introduction

Globular clusters (GCs) are important in astrophysics, and one
of their latest outstanding applications is that they can be used to
characterize possible ancient accretion events that contributed to
build the Milky Way (MW) galaxy as we know it. By measuring
their orbital and chemical properties, the GCs have been used to
identify some of these past mergers, such as the Sagittarius (Sgr)
dwarf galaxy, Gaia-Enceladus-Sausage, and Sequoia, to mention
a few (e.g., Helmi et al. 2018, Belokurov et al. 2018, Massari et
al. 2019, Myeong et al. 2019, Barba et al. 2019, Vasiliev 2019,
Huang & Koposov 2020).

It is very important in this context to have a well charac-
terized sample of the GC systems of local dwarf galaxies that
could in principle be used as comparisons. There is, however,

evidence that the GC systems of the nearby dwarf galaxies may
still be incomplete, as shown by the recent discoveries of faint
additional GC members of the Fornax, Eridanus II, and Sextans
A dwarf spheroidal galaxies (Crnojevic et al. 2016, Wang et al.
2019, Beasley et al. 2019). It is also possible that a large fraction
of Local Group dwarf galaxies may have hosted GCs, now in the
form of disrupted remnants (Fernandez-Trincado et al. 2020a).

The Sgr dwarf galaxy is special in this respect. Discovered
by Ibata et al. (1994), it exhibits extended tidal tails mapped us-
ing different tracers (Mateo et al. 1996, Majewski et al. 2003,
Newberg et al. 2003, Correnti et al. 2010, Antoja et a. 2020).
This merging galaxy contains a few GCs located in its main
body, as well as in its extended tails (Majewski et al. 2003, Law
& Majewski 2010). The nine GCs known to be Sgr members are:
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NGC 6715, which is also the nucleus of this galaxy; Arp 2, Ter,
and Ter 8, which are located in the main body of this galaxy; as
well as Pal 12, Whiting 1, NGC2419, NGC4147, and NGC5634,
which are located in the extended tidal streams (Bellazzini et al.
2020).

However, extensive modeling revealed that this is not a mi-
nor merger (e.g., Majewski et al. 2004, Belokurov et al. 2006,
Newberg et al. 2007, Hasselquist et al. 2017, 2019, Hayes et al.
2020, Ramos et al. 2020, Vasiliev et al. 2021). The Sgr dwarf is
a relatively massive progenitor with a halo mass of M = 10'' M,
(e.g., Laporte et al. 2018, Vasiliev & Belokurov 2020), and it
may be surprising that there are so few star clusters associated
with this galaxy. However, given the variety of coverage in terms
of GC luminosities from the available studies, we would like
to warn readers that before comparing them with the GC pop-
ulations of other dwarf galaxies, the correction for faint unde-
tected GCs in these other galaxies has to be taken into account.
Some explanations for a possible GC deficiency may be that: (1)
most of the past Sgr GCs were destroyed by dynamical processes
(e.g., Fernandez-Trincado et al. 2020b), (2) they were simply not
formed because this galaxy quickly ran out of gaseous material,
or (3) the GC census of this galaxy is incomplete. In particular,
GCs are old enough that their orbits are prone to decay onto the
central regions of galaxies due to the effect of dynamical fric-
tion (e.g., Tremaine & Weinberg 1984, Gnedin & Ostriker 1997,
Arca-Sedda & Capuzzo-Dolcetta 2014). Dynamical friction is
a drag force proportional in strength to the background stellar
density. This force is expected to bring a globular cluster to the
center of its parent galaxy after only a few gigayears (e.g., Lotz
et al. 2001, Goerdt et al. 2006). Therefore, many surviving GCs
may still be hidden in the main body of the Sgr galaxy.

Additional motivation for this work comes from recent the-
oretical studies of GC populations in galaxies (Kruijssen et
al. 2019, 2020, El Badry et al. 2019, Choski & Gnedin 2019,
Hughes et al. 2019) and from the comparison of GC systems
in galaxies with different masses. For example, Kruijssen et al.
(2020) assigned 8 + 3 massive GCs (with M > 10° M) and a
total halo mass My = 10'%% £+ 0.10 M, to the Sgr dwarf galaxy.
This agrees well with the expected number of GCs predicted by
Burkert & Forbes (2020), who find a tight correlation between
the number of GCs and the virial mass of the dark matter halos.
Their linear relation of logNgc vs My;, appears to be valid over a
large range of galaxy masses (10'° < My;, < 10'%) M, with rel-
atively small scatter (see their Fig. 1). In order to make a more
detailed comparison, however, it is useful to have a complete
census of the GCs belonging to Sgr. Only in the most nearby
galaxies, such as in Sgr, can we study the GC systems down to
the faintest luminosities.

The MW GC census is also incomplete in the bulge re-
gions because of large extinction and heavy crowding (Minniti
et al. 2017). Following the initial discoveries made a decade
ago by the VISTA Variables in the Via Lactea (VVV) survey
(Minniti et al. 2011, Moni Bidin et al. 2011, Borissova et al.
2014), over the past years we carried out a systematic large-
scale GC search in the inner MW, using the near-IR database of
the VVV survey and its extension VVVX (Minniti et al. 2010,
Saito et al. 2012), complemented with near-IR data from the Two
Micron All Sky Survey (2MASS - Skutskie et al. 2006), opti-
cal data from the DECAM Galactic Plane Survey (DECAPS —
Schlafly et al. 2018), Gaia Data Release Two (DR2 — The Gaia
Collaboration 2018), the mid-IR data from Glimpse (Benjamin
et al. 2003), and the Wide-Field Infrared Survey Explorer (WISE
— Cutri et al. 2012).

We used different tracers, such as RR Lyrae, type 2 Cepheids,
red clump (RC) giants, and blue horizontal branch (BHB) stars,
uncovering more than 300 new candidates (e.g., Camargo &
Minniti 2019, Palma et al. 2019, Montenegro et al. 2019, Barba
et al. 2019, Minniti et al. 2020 and references therein). As the
Sgr dwarf galaxy is projected behind the Galactic bulge, it is not
surprising to expect that some of these new candidate GCs may
belong to this galaxy. We therefore decided to search for GCs
in the main body of Sgr and started by exploring the candidate
clusters found by the VVV survey and its extension VVVX. This
was difficult because of the presence of heavy foreground con-
tamination by disk and bulge field stars along the line of sight.
In fact, this would be impossible without the accurate astrometry
provided by the Gaia mission, in particular from the Early Data
Release 3 (EDR3 — Gaia Collaboration, Brown et al. 2021).

In this work, we find 12 new GCs in the Sgr dwarf system,
more than doubling the sample of known GCs in this galaxy. In
addition, we find 11 Sgr objects that are inconclusive and need
to be followed up on in order to confirm or discard them as Sgr
GCs. In Section 2 we discuss the data for the new Sgr GCs, in-
cluding their color-magnitude diagrams (CMDs) and luminos-
ity functions (LFs). Section 3 presents the RR Lyrae in the GC
fields. Section 4 discusses the physical parameters for the con-
firmed GCs. Finally, Section 6 presents the conclusions.

-14

-16

-18

Fig. 1. Map showing the location of GCs in Galactocentric co-
ordinates, along with the smoothed density contours from the
main body of the Sgr dwarf galaxy (adapted from Bellazzini
et al. 2020). Previously known Sgr GCs are shown with black
squares and the 23 new GC candidates are shown with blue cir-
cles. NGC 6715, the GC nucleus of this galaxy, is marked with
the arrow. The areal coverage of the VVV and VVVX near-IR
surveys are depicted in light orange and light blue, respectively.

2. Data for the new Sgr GCs

The observational data for the candidate GCs and compari-
son clusters were obtained with the VISTA InfraRed CAMera
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Fig. 2. Observed CMDs and vector PM diagrams of the 3’ fields (equivalent to about 23 pc) centered on three example clusters:
Minnil48 (bottom), 326 (middle), and 330 (top). Even though the RC is conspicuous in some cases, the GC features appear poorly
defined in these CMDs in general because of the overwhelming field contamination.

(VIRCAM) at the 4.1m wide-field Visible and Infrared Survey
Telescope for Astronomy (VISTA, see Emerson & Sutherland
2010) at ESO Paranal Observatory, as part of the VVV ESO
Public Survey (Minniti et al 2010, Saito et al. 2012) and its ex-
tension VVVX. We have been mapping the Galactic bulge and
Southern Galactic Plane since 2010, using the J (1.25 um), H
(1.64 um), and K (2.14 pum) near-IR passbands. Our data in-
clude the main body and northern extension of the Sgr dwarf
galaxy (Figure 1).

The deep near-infrared CMDs and LFs are made from point-
spread function (PSF) photometry from preliminary VIRAC2
data (Smith et al. 2021, in preparation), an updated version
(using a global optimization calibration and secondary distor-
tion correction) of the VVV Infrared Astrometric Catalogue
(VIRAC, Smith et al. 2018) for the part mapped by the VVV
survey. The part mapped by the VVVX survey uses DoPhot PSF
photometry data from Alonso-Garcia et al. (2021, in prepara-
tion). We also used the K -band photometry from McDonald
et al. (2013, 2014) for only one cluster that is located outside
the VVVX area (Minni327). Even though the GC searches were
originally carried out using Gaia-DR2 data (Gaia Collaboration
2018), we only used the more recent Gaia EDR3 photometry and
proper motions (PMs) for this work (Gaia Collaboration, Brown
et al. 2021).

We initially selected all the cluster candidates observed in
the main body of Sgr, within a region of ~ 180 sq. deg. The final
list of 23 candidate clusters studied here is given in Table Al.
Figure 1 shows their location in the sky in Galactic coordinates,
along with a few previously known GCs in the region. The areal
coverage of the VVV and VVVX near-IR surveys includes the
northern half of the main body of Sgr (Figure 1), thus the south-
ern extent remains unexplored.

Five known Sgr GCs are used for comparison: NGC 6715,
Arp 2, Ter 7, and Ter 8, which are located in the main body
of this galaxy, as well as Pal 12, which is located farther away
within the Sgr stream (Bellazzini et al. 2020). In principle, it is
safe to assume that these GCs cover comparable reddening and
metallicity ranges as the GCs under study, while being located
at the same distance ensures that the photometric quality is also
similar. These GCs are useful to compare the main GC features,
as their red giant branch (RGB), red giant branch bump (RGBB),
RC, and BHB are tightly defined.

We are searching for GCs in the main body of the Sgr dwarf.
These clusters would be located at the Sgr distance of D = 26.5
kpc (Monaco et al. 2004, Vasiliev & Belokurov 2020) and share
the Sgr kinematics. Along the line of sight to the Sgr dwarf
galaxy, there is contamination from the nearby MW disk and
from the more distant bulge field stars. Figure 2 shows the ob-
served optical and near-IR CMDs for the 3’ fields centered in
the GCs Minni330, 326, and 148, along with their respective
Gaia-EDR3 vector PM diagrams. It is clear that the foreground
population largely outnumbers the GC stars.

To reduce the amount of contamination in the CMDs, we first
made a cut to discard all stars with parallaxes larger than 0.5 mas,
eliminating the nearby disk component. Then, Sgr GC members
were selected by including stars within 1.5 mas/yr from the mean
Sgr PM vector measured by Helmi et al. (2018), because this
value was found adequate for the selection of the Gaia EDR3 PM
members of the comparison Sgr GCs, as shown in the appendix.

The cleaned optical and near-IR CMDs for the GCs
Minni330, 326, and 148 are shown in Figure 3, along with the
mean ridge lines of a metal-poor and a metal-rich Sgr GC for
comparison (NGC 6715 and Pal 12, respectively). The cluster
sequences are now very well defined in all these CMDs, clearly
showing the clusters RGB, RC, and BHB. The corresponding G-
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Fig. 3. Final PM decontaminated optical and near-IR CMDs within 3’ of the RR Lyrae rich GCs Minni148 (bottom), 326 (middle),
and 330 (top). These decontaminated CMDs show more clearly defined RGB, RC, and HB sequences. RR Lyrae located within 10’
from the cluster centers are also plotted for comparison (red circles). The thin blue lines depict the mean ridge sequences of the
known Sgr GCs NGC 6715 ([Fe/H] = —1.49) to the left and Pal 12 ([Fe/H] = —0.85) to the right.

and K,-band LFs are plotted in Figure 4, and they exhibit a very
prominent RC. The observed RC peaks were used to determine
the GC distances, as discussed below in Section 4.

After the foreground contamination was culled out, all the
candidate cluster CMDs were compared with the CMDs of
known Sgr GCs and with nearby background Sgr fields covering
similar area. Based on the CMD morphology of these candidate
clusters, we have decided that 12 of them are bona fide GCs.
These GCs are listed in Table A1, along with their positions and
other physical quantities measured in this work. The candidates
that are unconfirmed are labeled as inconclusive, as their CMDs
either contain too few stars or they are not very different from
the field.

3. RR Lyrae

The Sgr dwarf galaxy is known to contain a rich RR Lyrae pop-
ulation (e.g., Alcock et al. 1997, Newberg et al. 2003, Soszynski
et al. 2014, Sesar et al. 2017, Ramos et al. 2020). We have also
searched for all RR Lyrae known within 10’ fields centered on
the target GCs (equivalent to 77 pc at the distance of Sgr), for
which Gaia-EDR3 data are available. This search includes RR
Lyrae from the samples of MACHO (Alcock et al. 1997), Ogle
(Soszynski et al. 2014), Gaia-DR2 (Clementini et al. 2019), and
VVV (Majaess et al. 2018). After discarding bulge RR Lyrae
using the Gaia-EDR3 vector PM diagrams, the numbers of RR

20

Minni330

Fig. 4. Final PM decontaminated optical and near-IR LFs within
3’ of the GCs Minni148 (bottom), 326 (middle), and 330 (top).
The K- and G-band LFs are shown in red and blue, respectively.
We note that the RC peak of the GC is clearly seen in these LFs.

Lyrae were found within 3’ and 10’ from the GC centers they
are listed in Table Al.

We find that 21 out of 23 GC candidates in Table A1 contain
RR Lyrae within 10 fields, the exceptions being Minnil46 and
MinniO3, which contain no RR Lyrae with the correct PMs and
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distances in order to belong to the Sgr galaxy. Also, there are ten
objects that do not have any Sgr RR Lyrae within 3° (Minni02,
03, 08, 146, 310, 311, 312, 313, 327, and 329). In summary,
there are 13 GC candidates with at least one RR Lyrae within 3’,
with the correct PM and a distance of Sgr.

We measured a mean density of field RR Lyrae belonging
to the Sgr dwarf galaxy of 40 RRL/sq. deg. in these fields.
This allowed us to predict that there should be about 0.3 RR
Lyrae in each field of 3’ radius centered on the GCs on average.
Therefore, GCs that contain just two or three RR Lyrae within
3’ represent a significant overdensity, albeit with small number
statistics. Indeed, six clusters from Table A1 exhibit such an RR
Lyrae excess: Minni87, 145, 148, 324, 325, and 326. In addition,
Minni328 and 330 have only one RR Lyrae within 3’, but many
more within 10’ (nine and 11 in total, respectively, where only
three are expected), indicating an extended excess of RR Lyrae.
We note that we only counted objects with PMs and magnitudes
consistent with Sgr dwarf membership, excluding the brighter
foreground RR Lyrae that belong to the Galactic bulge.

Based on the CMDs and the RR Lyrae, we conclude that
these objects are convincing GC members of the Sgr galaxy. We
also include among the bona fide GCs, the clusters Minnil44,
146, 147,311, and 329, based on the morphology of their optical
and near-IR CMDs, even though they contain fewer RR Lyrae.

4. Distances and other physical parameters

The most important parameter to measure initially is the distance
in order to firmly establish the membership of the new GCs to
the Sgr dwarf galaxy. The distances were measured using the
magnitude of the RC and the period-luminosity relation for RR
Lyrae. We note that the RGBB is prominent in the Sgr dwarf
(Monaco et al 2002), but for the distance measurement we used
the RC peak in the LF that is due to the combined contribution
of the RGBB and red core-He burning HB stars. Contamination
by the RGBB, being fainter than the RC proper, would result in
systematically larger distances.

In order to apply the appropriate reddening corrections,
we used the maps of Schlafly & Finkbeiner (2011), adopt-
ing the following relations for the extinctions and reddenings:
Ags = 0.11Ay, Ak, = 0.72E(J — Ks), A¢ = 0.79Ay, and
Ag = 2.0E(BP — RP). The cluster fields exhibit a narrow range
of extinctions and reddenings: 0.04 < Ak, < 0.14 mag and
0.06 < E(J — Ks) < 0.19 mag. Therefore, in the cases of these
Sgr GCs, reddening is fairly uniform and not a problem, contrary
to the bulge GCs where the large and variable extinction poses a
significant challenge (Minniti et al. 2017).

After accounting for the individual reddenings, the RC dis-
tances were computed assuming RC absolute magnitudes of
Mg, = —1.606 = 0.009 and M = (0.495 + 0.009) + (1.121 =
0.128)(G—-K s—2.1) mag from Gaia DR2 (Ruiz-Dern et al. 2018).
The RC distances Dgc measured for the individual candidate
clusters are listed in Table Al.

We also measured individual distances to the RR Lyrae in the
cluster fields, after appropriately correcting for reddening. We
used the period-luminosity relation of Muraveva et al. (2015),
applied to the fundamental pulsators (RRab) and also to the
first-overtone pulsators (RRc), after fundamentalizing them by
adding 0.127 to the logarithm of the period. The mean distances
measured using all the RRab and RRc within 10 of the clusters
that share the Sgr PMs are also listed in Table A1. In general, the
RC distances are ~ 2 kpc larger in the mean than the RR Lyrae
distances, an effect that can be due to the contamination to the
RC from the RGBB. We find that the majority of the new GCs

are located at the distance of the Sgr dwarf, with their distance
moduli differing from the field Sgr population by less than 0.3
mag.

The objects listed in Table Al are finally classified as bona
fide Sgr GCs if they are located at the correct distance and
present typical GC CMDs with relatively narrow RGBs. We con-
firm 12 Sgr GCs, while the remaining 11 objects are classified as
inconclusive when their CMDs do not have clearly defined GC
sequences, containing few PM-selected stars, and/or they are not
sufficiently different from the background.

This new sample of Sgr GCs needs to be followed up on
in order to measure their physical parameters (metallicities, lu-
minosities, and other structural and orbital parameters). Even
though we did not measure these parameters here because they
require a more laborious procedure, which will be presented in
a follow-up paper, we can conclude that they are low luminosity
GCs, clearly fainter than the known Sgr GCs used for compari-
son here. We note that the addition of these faint GCs would im-
ply that the Sgr GC system deviates from a universal Gaussian
shape GC LF as seen in other galaxies (see Rejkuba 2012). For
example, Huxor et al. (2014) have also found an excess of low-
luminosity GCs in the M31 GC system. Regarding the metal-
licities, we can also conclude, based on the comparison of the
CMDs with those of known GCs, that they seem to be consistent
with Sgr GC metallicities.

Finally, Figure 1 clearly shows that there is a vast region
of the Sgr galaxy that remains unexplored. There were nine
GCs previously known in this galaxy, plus 12 new ones con-
firmed from this work. Assuming symmetry, there could be a
similar number of GCs in the southern extension. Hence, us-
ing a filling factor of about 40% for the fields not covered by
the VVV/VVVX surveys, and without counting 11 unconfirmed
candidates, we estimate the total number of Sgr GCs to be at
least 30. We note that the vast majority of these new members
would also be low luminosity GCs.

5. Conclusions

We have identified 23 candidate GCs that may belong to the
Sgr dwarf galaxy from the VVV/VVVX surveys searches. We
studied the PM selected optical and near-IR CMDs, and also
the RR Lyrae in the cluster fields, measuring their distances.
Weighting all the evidence, we report the discovery of 12 new
low luminosity GCs in the main body of the Sgr dwarf, more
than doubling the list of confirmed GC members of this nearby
galaxy that is an important on-going merger with the MW.
Since our near-IR surveys do not cover the southern extension
of the Sgr galaxy, we predict that several more GCs have yet
to be found, estimating a total population of at least 30 GCs in
this galaxy. The predictions of recent theoretical studies of the
GC populations in dwarf galaxies (e.g., Kruijssen et al. 2019,
2020, El Badry et al. 2019, Choski & Gnedin 2019, Hughes
et al. 2019) may be compared with the GCs of Sgr once the
metallicities, luminosities, and ages of the newly discovered
GCs are properly measured (E. Garro et al. 2021, in preparation).
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Table 1. GC candidates in the Sgr galaxy.

ID RA DEC Ags Ac Dgc Ksgce  Ggre N3 NIO’  Dgpe Survey Classification
(J2000)  (J2000) [mag] [mag] [kpc] [mag] [mag] [kpc]

MinniO1 183448 -284240 0.08 0.55 26.7+0.6 15.60 18.15 26.1+£0.7 VVV inconclusive
Minni02 183002 -282624 0.11 0.83 256+0.7 VVV inconclusive
Minni03 182023 -322429 0.06 0.45 e \'AAY% inconclusive
Minni04 181535 -281800 0.11 0.79 23.0+2.0 VVV inconclusive
Minni08 182219 -263741 0.14 0.98 262+0.6 VVV inconclusive
Minni84 182224 -303909 0.08 0.55 e . . 257+09 VVV inconclusive
Minni87 181348 -275723 0.14 1.01 .. .. 17.9: .. \'AAY inconclusive
Minnil44 184009 -303426 0.05 0.32 28.3+0.6 15.7: 17.95 254+1.0 VVVXMD SgrGC
Minnil45 185328 -283344 0.06 0.40 28.8 : 18.10 1 272+28 VVVXMD SgrGC

Minnild6 185212 -315645 004 028 27.5+06 1560 18.00
Minnil47 184156 -305607 004 027 27.8+06 1570 18.05
Minnil48 185136 302458 004 031 277406 1565 17.90

. VVVX,MD Sgr GC
259+09 VVVXMD SgrGC
257+14 VVVXMD SgrGC

Minni310 183415 -283349 0.08 0.57 29.3: 15.8: 18.2: VvV inconclusive
Minni311 183430 -284703 0.08 0.58 30.6 : 15.9: 18.3: 265+0.2 VVV Sgr GC

Minni312 183438 -285137 0.08 0.60 29.1 : 15.8: 18.1: 26.1+£0.5 VVV inconclusive
Minni313 184533 -240908 O0.11 0.80 VVV inconclusive

255+2.0 VVVXMD SgrGC
. VVVXMD  SgrGC
26.0+2.0 VVVXMD SgrGC
240+39 MD inconclusive
251+1.0 VVVXMD SgrGC
249+0.7 VVVXMD SgrGC
26.7+2.0 VVVXMD SgrGC

Minni324 184619 -292700 0.05 0.38 28.8+0.6 1575 17.90
Minni325 185410 -315812 0.04 0.26 278+0.6 15.65 17.85
Minni326 185107 -295624 0.05 0.35 283+0.6 1570 18.00
Minni327 190043 -295924 0.04 0.32 270+0.6 15.6: 17.9:
Minni328 184717 -300600 0.05 0.38 269+0.6 1560 17.95
Minni329 184431 -300112 0.04 0.29 285+0.6 1570 17.90
Minni330 185538 -295924 0.04 0.31 277+0.6 1565 18.00
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Appendix A: CMDs, LFs, and finding charts

Table A1 below lists the data for all the GC candidates analyzed.
We give the IDs, positions in equatorial coordinates (J2000),
near-IR and optical extinctions Ak, and Ag, distance measured
using the RC, mean near-IR and optical RC magnitudes (K sgc
and Ggc), number of RR Lyrae within 3’ and 10’ from the cluster
centers (N3’ and N10’), distance measured using the RR Lyrae,
and survey data and our final classification as either a confirmed
GC located at the distance of the Sgr dwarf galaxy or an incon-
clusive GC candidate requiring additional data for confirmation
or rejection.

The optical and near-IR CMDs and G- and Ks-band LFs for
all these candidates are shown in Figures 1 to 4 of this appendix.
The Gaia EDR3 vector PM diagrams and optical CMDs of the
previously known Sgr GCs used for comparison are shown in
Figure 5. Finally, Figure 6 shows the 3’ x 3’ finding charts for
these targets, which are severely outnumbered by the foreground
stars along the line of sight.
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Fig. 1. Final PM decontaminated optical and near-IR CMDs within 3’ of the GC candidates Minni 01, 02, 03, 04, 08, and 84, along
with their G- and Ks-band LFs (blue and red, respectively). The last panel shows these diagrams for the comparison GC NGC6715.
The vertical black lines in all the LFs indicate the position of the G- and Ks-band RC peaks for NGC6715.
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Fig. 2. Same as the previous figure, but for the GC candidates Minni 87, 144, 145, 146, 147, and 148.
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Fig. 3. Same as the previous figure, but for the GC candidates Minni 310, 311, 312, 313, 324, and 325.
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Fig. 4. Same as the previous figure, but for the GC candidates Minni 326, 327, 328, 329, and 330, and the comparison GC NGC
6715.
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