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Abstract

We present the discovery of DELVE 6, an ultra-faint stellar system identified in the second data release of the
DECam Local Volume Exploration (DELVE) survey. Based on a maximum-likelihood fit to its structure and
stellar population, we find that DELVE 6 is an old (τ> 9.8 Gyr at 95% confidence) and metal-poor ([Fe/H]<
−1.17 dex at 95% confidence) stellar system with an absolute magnitude of = - -

+M 1.5V 0.6
0.4 mag and an

azimuthally averaged half-light radius of = -
+r 101 2 3

4 pc. These properties are consistent with the population of
ultra-faint star clusters uncovered by recent surveys. Interestingly, DELVE 6 is located at an angular separation of
∼10° from the center of the Small Magellanic Cloud (SMC), corresponding to a 3D physical separation of∼20 kpc
given the system’s observed distance (De= 80 kpc). This also places the system ∼35 kpc from the center of the
Large Magellanic Cloud (LMC), lying within recent constraints on the size of the LMC’s dark matter halo. We
tentatively measure the proper motion of DELVE 6 using data from Gaia, which we find supports a potential
association between the system and the LMC/SMC. Although future kinematic measurements will be necessary to
determine its origins, we highlight that DELVE 6 may represent only the second or third ancient (τ> 9 Gyr) star
cluster associated with the SMC, or one of fewer than two dozen ancient clusters associated with the LMC.
Nonetheless, we cannot currently rule out the possibility that the system is a distant Milky Way halo star cluster.

Unified Astronomy Thesaurus concepts: Star clusters (1567); Magellanic Clouds (990); Sky surveys (1464)

1. Introduction

Recent large-scale digital sky surveys have revolutionized
our understanding of the Magellanic Clouds (MCs) and their
environments. In particular, sensitive surveys with the VISual

and Infrared Telescope for Astronomy, (e.g., VMC; Cioni et al.
2011), the VLT Survey Telescope (e.g., STEP and YMCA;
Ripepi et al. 2014; Gatto et al. 2021), and the Dark Energy
Camera (DECam) on the 4 m Blanco Telescope (e.g., DES,
SMASH, and MagLiteS; DES Collaboration 2005; Bechtol
2017; Nidever et al. 2017) have provided an unprecedentedly
deep view of the diverse stellar populations of the MCs,
enabling detailed characterization of their star formation
histories (e.g., Rubele et al. 2015, 2018; Mazzi et al. 2021;
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Massana et al. 2022), 3D geometries (e.g., Ripepi et al. 2017,
2022; Choi et al. 2018a), and substructures (e.g., Pieres et al.
2017; Choi et al. 2018b; Mackey et al. 2018; Massana et al.
2020; El Youssoufi et al. 2021; Cullinane et al. 2022; Gatto
et al. 2022a). Furthermore, these surveys have significantly
expanded the census of star clusters and satellite galaxies in the
main bodies and outskirts of the Clouds (e.g., Bechtol et al.
2015; Koposov et al. 2015, 2018; Drlica-Wagner et al. 2016;
Martin et al. 2016; Torrealba et al. 2018; Cerny et al. 2021a;
Gatto et al. 2021), allowing for constraints on the MCs’masses,
dark matter halos, orbits, and interaction histories (e.g., Jethwa
et al. 2016; Bitsakis et al. 2018; Kallivayalil et al. 2018; Erkal
& Belokurov 2020; Patel et al. 2020; Dias et al. 2021),
especially when paired with the precise phase-space informa-
tion provided by the Gaia satellite (Gaia Collaboration et al.
2016; Battaglia et al. 2022; Pace et al. 2022). Lastly, these
efforts to survey and characterize the satellite populations of the
MCs have enabled novel observational tests of hierarchical
galaxy formation within the ΛCDM paradigm at a lower host
mass scale than offered by the Milky Way (MW; e.g., Sales
et al. 2016; Dooley et al. 2017; Jahn et al. 2019).

In this Letter, we present the newest discovery in this
ongoing census of Magellanic satellites: DELVE 6, an ancient,
ultra-faint star cluster in the distant outskirts of the MCs. This
low-mass system was identified through matched-filter searches
over imaging from DECam (Flaugher et al. 2015) processed as
part of the second data release of the DECam Local Volume
Exploration survey (DELVE DR2; Drlica-Wagner et al. 2022).
We find that it has an old and metal-poor stellar population,
joining the less than two dozen ancient globular clusters known
in the Magellanic environment, and that it falls at an unusually
large separation from its likely hosts. Thus, DELVE 6
potentially represents an exciting and novel window into the
stellar populations inhabiting the periphery of the LMC/SMC
system. Here we present an initial characterization of this
system’s basic properties and briefly highlight possibilities for
its origins that can be tested with deeper imaging and
spectroscopic follow-up.

2. Discovery and Characterization

2.1. Identification in DELVE DR2 and the Legacy Sur-
veys DR10

In Cerny et al. (2023), we presented the results of an
extensive search for ultra-faint stellar systems in the MW halo
using DECam data processed as part of DELVE DR2 (Drlica-
Wagner et al. 2022). Briefly, this search involved applying the
open-source simple search code,28 which implements an
isochrone matched filter in color–magnitude space to identify
overdensities of resolved stars in the MW halo consistent with
an old, metal-poor stellar population. Over the entire DELVE
DR2 footprint (∼21,000 deg2), this search resulted in  104( )
overdensities, six of which we confirmed as bona fide ultra-
faint stellar systems in Cerny et al. (2023) on the basis of
deeper follow-up imaging.

During the late stages of preparation of the aforementioned
work, new multiband coadded images built from the DECam
data became available through an early version of the Legacy
Surveys Data Release 10.29 Motivated by the new availability

of these images, we performed a visual inspection of a subset of
the initial high-significance (>5.5σ) satellite candidates that
resided in regions where comparable color images were not
previously available. The primary goal of this effort was to
identify systems that were clearly identifiable as overdensities
of blue stars in these images but may have initially been missed
due to the marginal signals seen in their smoothed spatial
distribution and observed color–magnitude diagrams (CMDs)
generated as part of simpleʼs diagnostic plots. One such
candidate, DELVE J0212−6603 (DELVE 6), was identified at
high significance (6σ–7σ; comparable to the candidates
presented in Cerny et al. 2023) in our multipronged search
but was initially passed over during prior inspection due to its
sparse CMD. However, as seen in Figure 1, this system is
visible as a tight clustering of faint blue sources in the color
images provided by the Legacy Surveys DR10 and was easily
identified during our visual inspection.
After confirming that the system has not been reported in

literature catalogs of star clusters and dwarf galaxies in the
environment of the MCs (e.g., Bica et al. 2008, 2020; Gatto
et al. 2020), we proceeded to characterize the newly discovered
system’s structure and stellar population, as described in the
following subsection. In the absence of timely deeper follow-
up imaging, we continued to use the photometric catalogs
provided by DELVE DR2 for our analysis. The DELVE DR2
data coincident with DELVE 6 are relatively deep, reaching
(extinction-corrected) S/N= 10 mag limits of g0∼ 24.0 and
r0∼ 23.8 mag. These limits are roughly 0.5 and 0.8 mag deeper
than the median DELVE DR2 depth in the g and r bands,
respectively (see Drlica-Wagner et al. 2022 for specific
information about this public data set). This depth was
therefore found to be sufficient to characterize the newly
discovered system despite its low luminosity.
Throughout the analyses described below, we separated stars

from galaxies based on the selection 0 � EXTENDED_-
CLASS_G � 2, matching our DECam analyses described in
Cerny et al. (2023). This broadly allowed for a higher degree of
stellar completeness at the cost of increased galaxy contamina-
tion at fainter magnitudes (Drlica-Wagner et al. 2022).

2.2. Structural and Stellar Population Fit

We fit DELVE 6ʼs morphological and stellar population
properties using the Ultra-faint Galaxy LIkelihood (ugali)
software toolkit, which implements an unbinned Poisson
maximum-likelihood approach based on the statistical formal-
ism presented in Appendix C of Drlica-Wagner et al. (2020).
We modeled DELVE 6ʼs structure with an elliptical Plummer
(1911) radial stellar density profile, and we fit a PARSEC
isochrone (Bressan et al. 2012) to its observed g- and r-band
CMD. The eight free parameters for these models were the
centroid coordinates (α2000 and δ2000), extension (ah), ellipticity
(ò), and position angle (P.A.) of the Plummer profile and the
age (τ), metallicity ([Fe/H]), and distance modulus ((m−M)0)
of the isochrone model. All eight of these parameters were
constrained simultaneously by sampling their posterior
probability distribution functions using the affine-invariant
Markov Chain Monte Carlo (MCMC) ensemble sampler
(Goodman & Weare 2010) implemented in the Python package
emcee (Foreman-Mackey et al. 2013). This sampling was
performed with 80 walkers each taking 35,000 steps, with the
first 12,500 steps discarded as burn-in; these parameters were

28 https://github.com/DarkEnergySurvey/simple
29 https://www.legacysurvey.org/dr10/description/
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set to ensure dense sampling of the age–metallicity bimodality
described in the next subsection.

We report the best-fit values of each parameter and their
associated uncertainties in Table 1. These results were derived
from a fit assuming a nominal magnitude limit of g0, r0=
23.8 mag, and with the size of the concentric annulus used by
ugali to construct the foreground/background model used for
its joint fit of stellar color, magnitude, and spatial distributions
set to 0°.5< r< 1°.5. To assess whether these fit hyperpara-
meters might affect our results given the complex, spatially
variable foreground/background stellar density associated with
the MCs, we explored the sensitivity of our derived estimates of
DELVE 6ʼs properties to variations in the assumed magnitude
limit and outer radius of the background annulus. Specifically,
we reran the full ugaliMCMC procedure for magnitude limits
in the interval [23.6, 24.0 mag] and background annulus radii in
the interval [1°.0, 2°.0]. In these tests, we found that all fits that
converged resulted in parameter estimates consistent within the
uncertainties with those reported in Table 1; this was true for all
parameters except the P.A., which is mostly unconstrained due
to the negligible ellipticity of DELVE 6. However, we did need
to apply a weak prior on the extension (sizes 0°.001< ah< 0°.1)
in order to avoid convergence to nonphysical results. Our
fiducial results presented in Table 1 were derived with this prior
applied.

2.3. Properties of DELVE 6

As depicted in Figures 2 and 3, we find that DELVE 6 is a
compact ( = -

+r 101 2 3
4 pc), ultra-faint ( = - -

+M 1.5V 0.6
0.4 mag)

stellar system with a round morphology (ò< 0.56 at
95% confidence). These properties place DELVE 6 in a region
of the MV–r1/2 plane that is dominated by the population of

ultra-faint MW halo star clusters discovered by recent surveys,
which are generally fainter and more compact than their ultra-
faint dwarf galaxy counterparts (see Figure 4). We do observe
that DELVE 6 is among the more extended (candidate) ultra-
faint star clusters discovered to date, though. We tentatively
classify DELVE 6 as an ultra-faint star cluster on the basis of its
small physical size, although a future spectroscopic measure-
ment of its velocity and/or metallicity dispersion will provide a
more definitive classification for the system.
In addition, we find that DELVE 6 is most consistent with an

ancient stellar population, as is evident from the clear main-
sequence turnoff, extended subgiant branch, and (sparse) red giant
branch (RGB) seen in its observed CMD (Figures 2 and 3). The
best-fit isochrone favored by our ugali fit was consistent with
the maximum age and minimum metallicity of our isochrone grid
(τ= 13.5 Gyr and [Fe/H]= −2.19 dex, respectively), although
the marginalized posterior distribution for these two parameters
was found to be bimodal, with a secondary peak at τ∼ 10 Gyr
and [Fe/H]∼ −1.2 dex (see left panel of Figure 3). These modes
appear to depend on whether the single blue horizontal branch
(BHB) star candidate shown in the right panel of Figure 3 is a true
member or, alternately, whether the star positioned near the red
horizontal branch (RHB) of the second model is a true member. In
our nominal best-fit parameter constraints, the BHB star is
included as a high-confidence member, driving the fit toward the
lower-metallicity mode (blue isochrone in Figure 3). Removing
the BHB star from our photometric catalog and rerunning the fit
resulted in the secondary mode becoming the favored best-fit
solution (red isochrone in the same figure). If we instead removed
the candidate RHB star, the results are qualitatively similar to
those shown in Figure 3.
Using the BHB–blue straggler separation technique

introduced in Li et al. (2019), we found that the BHB star’s

Figure 1. (Left) ¢ ´ ¢2 2 false-color image cutout centered on DELVE 6 based on griz DECam imaging, taken from the Legacy Survey Sky Viewer. A clustering of
faint blue sources is visible amidst a number of foreground stars and background galaxies. We have increased the brightness of this cutout image to enhance the
visibility of faint cluster member stars. (Right) Map of star clusters and dwarf galaxies in the Magellanic environment, plotted in the Magellanic Stream coordinate
system from Nidever et al. (2008). Each black point corresponds to a star cluster included in the main cluster catalogs from Bica et al. (2008, 2020). Recently
discovered ultra-faint star clusters in this region are shown as red dots, whereas candidate and confirmed ultra-faint dwarf galaxies potentially associated with the MCs
are shown as blue triangles. We caution that some of these objects have uncertain classifications and/or tentative associations with the MCs. In addition, we plot the
centroid position of the SMC northern overdensity (SMCNOD; Pieres et al. 2017) in orange. Lastly, DELVE 6 is shown as a yellow star positioned near BMS ∼ 0; this
latitude falls along the projected track of the Magellanic Stream.
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(g− r)0 and (i− z)0 color is consistent with a classification as
a bona fide BHB star. Furthermore, the star’s Gaia DR3
proper motion (Gaia Collaboration et al. 2023) is sufficiently
small that we cannot clearly identify it as a foreground
star, and its parallax is consistent with zero within errors;
we therefore cannot rule out its membership in the distant
DELVE 6 system. By contrast, the RHB candidate’s proper
motion of (m d m = -  - a dcos , 3.0 0.4, 12.2 0.3) ( ) implies
a tangential velocity that is inconsistent with that of a typical star
in a bound orbit at DELVE 6ʼs distance; this suggests that the
star is not a member of DELVE 6. We have opted to present our
ugali fit results from a fit with both stars included in our
catalog. This decision fully specifies the age/metallicity solution
that we report for DELVE 6 due to the strong impact of the
BHB candidate, but the upper/lower limits presented in the
Table 1 encompass both plausible solutions for these two
parameters. Despite the uncertainty in the age and metallicity,
we found that the structural properties presented in Table 1 are
consistent within uncertainties with the results derived from fits
with either one of the two stars in question removed.

Although we cannot conclusively determine which age/
metallicity is most appropriate for DELVE 6 until deeper
imaging and/or a spectroscopic metallicity measurement
becomes available, both of these isochrone fits strongly suggest
that the system is ancient (τ> 9.8 Gyr). DELVE 6ʼs old age, as

well as its position in the outskirts of the LMC and SMC, raises
interesting questions about its formation and evolution. We
study the systemic proper motion of DELVE 6 below and then
explore several possibilities for its origin in Section 3.

2.4. Systemic Proper Motion of DELVE 6

In addition to the aforementioned BHB and RHB candidates,
we identified one additional nearby member candidate with a
Gaia proper-motion measurement. This star (Gaia DR3
source_id: 4698076296289956352) is the brightest RGB
star consistent with our best-fit isochrone in Figure 2 and was
identified as a high-probability member in our ugali fit
(pugali= 0.99; see Appendix A, Table 2). Notably, this RGB
star’s proper motion is consistent with the BHB star at the 1.3σ
level.30 The adequate agreement in proper motion supports the
interpretation that the BHB and RGB stars may both be
members of DELVE 6, as the joint probability of having these
two stars lying by chance on a single isochrone while also
sharing a statistically consistent nonzero proper motion is
small. It is thus reasonable to derive the proper motion of
DELVE 6 from these two stars, which we find to be
m d m =  - a dcos , 0.93 0.39, 1.28 0.38( ) ( ) mas yr−1

through a simple two-parameter fit.
Although this measurement is tentative and should be

interpreted cautiously, DELVE 6ʼs kinematics are singularly
important for unraveling its origins. Therefore, we briefly
explored what this measurement might tell us about the
connection of DELVE 6 to possible host systems. To do so, we
calculated its azimuthal and polar velocity components in
galactocentric spherical coordinates (hereafter vf and vθ) by
sampling from the posterior distributions for the available 5D
phase-space measurements and sampling the unknown radial
velocity from a uniform distribution on the interval [−500,
500 km s−1]. We then compared the values of these velocity
components to those expected from stars belonging to the
distant MW halo and the MCs.
Using galpy (Bovy 2015) to carry out the velocity

transformation, we find vf= −50± 150, vθ= −430±
150 km s−1, where the best-fit values and the upper/lower
uncertainties correspond to the median and 16th/84th percentiles
across 100,000 random 6D samples. This value of vf is
uninformative, as it is consistent with the expected velocity
distributions of all three hosts. However, we do observe that
DELVE 6ʼs estimated polar velocity vθ is approximately consistent
with that of the LMC (vθ∼ −305 km s−1) and SMC (vθ∼
−260 km s−1). The polar velocity distribution of MW halo tracers
at 80 kpc is expected to be a Gaussian centered near vθ= 0 km −1

with dispersion s q  100v km s−1 (see Figure 4 of Bird et al.
2019); thus, DELVE 6 appears to be kinematically distinct from
typical stars in the outer halo in this velocity component. We
therefore conclude that DELVE 6ʼs proper motion, taken at face
value, would argue in favor of a Magellanic association. This
conclusion only weakly depends on the unknown line-of-sight
velocity but is limited by the large error on DELVE 6ʼs proper
motion. Reduced proper-motion errors (e.g., from future Gaia data
releases) will provide more definitive kinematic evidence for an
association with one host or another.

Table 1
Properties of DELVE 6

Parameter Value Units

IAU name DELVE J0212−6603 L
Constellation Hydrus L
α2000 -

+33.070 0.004
0.003 deg

δ2000 - -
+66.056 0.002

0.002 deg

rh -
+0.43 0.12

0.18 arcmin

r1/2 -
+10 3

4 pc

ò <0.56 L
P.A. -

+14 63
40 deg

MV
a - -

+1.5 0.6
0.4 mag

τ >9.8 Gyr
[Fe/H] <−1.17 dex
(m − M)0 -

+19.51 stat. 0.10.12
0.04 ( ) b (sys.) mag

De -
+

-
+80 stat. sys.4

2
4
4( ) ( ) kpc

DGC -
+

-
+78 stat. sys.4

2
4
4( ) ( ) kpc

DLMC -
+

-
+35 stat. sys.3

2
3
3( ) ( ) kpc

DSMC -
+

-
+20 stat. sys.3

2
3
3( ) ( ) kpc

E(B − V )c 0.036 mag

m da cos -
+0.93 0.39

0.39 mas yr−1

μδ - -
+1.28 0.38

0.38 mas yr−1

Notes. Uncertainties for each parameter were derived from the highest-density
interval containing 68% of the marginalized posterior distribution. For the
ellipticity, metallicity, and age, the posterior distribution peaked at the boundary
of the allowed parameter space. Therefore, we quote the upper, upper, and lower
bound for these three parameters, respectively, at 95% confidence.
a Our estimate of MV was derived following the procedure from Martin et al.
(2008) and does not include the uncertainty in the distance.
b The statistical uncertainty on DELVE 6ʼs distance is derived directly from our
ugali MCMC. We include a systematic uncertainty of ±0.1 associated with
isochrone modeling following Drlica-Wagner et al. (2015). This systematic error
is not included in the uncertainty on r1/2.
c This E(B − V ) value is the mean reddening of all sources within r1/2, as
determined via the maps of Schlegel et al. (1998) with the recalibration from
Schlafly & Finkbeiner (2011).

30 Here the confidence level calculated appropriately for the case of 2D
Gaussians was converted to the equivalent σ distance for a 1D Gaussian;
however, this calculation neglects the covariance between proper-motion
components.
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3. Discussion

At its projected sky position (Figure 1) and galactocentric
distance (DGC= 78 kpc), DELVE 6 is located 20 kpc from the
center of the SMC and 35 kpc from the center of the LMC.31

Despite this relative proximity, DELVE 6 is located beyond the
tidal radius (rt) of the LMC due to the MW (rt∼ 22 kpc; van
der Marel & Kallivayalil 2014) and the tidal radius of the SMC
due to the LMC (rt∼ 5 kpc; Massana et al. 2020), suggesting
that these two possible hosts have a weak gravitational
influence on DELVE 6. It is therefore not immediately evident
based on its position alone whether this system is associated
with either of the Clouds. On the basis of its separation from
the LMC and SMC, as well as the possible ages and
metallicities discussed above, we speculate that DELVE 6 is
most likely described by one of three scenarios: (1) a distant
ultra-faint MW halo star cluster coincidentally located near the
MCs, (2) an LMC cluster residing in its host’s outer halo in a
weakly bound or unbound orbit, or (3) a cluster formed within
the SMC that has been stripped from its host and now orbits in
the MW+LMC potential.

The first of these scenarios is supported by the similarity
between DELVE 6ʼs age and metallicity to the properties of the
MW’s “classical” globular clusters and the growing population of
ultra-faint MW halo star clusters. This scenario also mitigates the
need for an explanation of DELVE 6ʼs apparently large separation
from the LMC and SMC. Roughly a dozen MW star clusters are
known at De> 70 kpc, suggesting that an LMC/SMC origin is
not necessary to explain DELVE 6ʼs large galactocentric
distance.32 This all being said, our exploration of DELVE 6ʼs
tentative proper motion (Section 2.4) suggests that its overall
kinematics may be more consistent with the LMC/SMC
system and inconsistent with MW halo tracers at its distance.

On that note, the second of our proposed scenarios—namely,
that the system was formed in the LMC and remains in a weakly
bound or unbound orbit around its host—may also explain the

ancient age of DELVE 6 given the ∼15 known LMC globular
clusters with ages >9 Gyr (e.g., Mackey & Gilmore 2004) but
does not directly explain the system’s present-day galactocentric
distance and 3D separation. Indeed, if confirmed to be an LMC
satellite, DELVE 6 would reside at a larger separation from the
LMC than all but two star clusters believed to be associated with
the MCs.33 Nevertheless, there is evidence that the LMC dark
matter halo extends >50 kpc in radius (e.g., Koposov et al.
2023), making it plausible that DELVE 6 lies in the outskirts of
the LMC halo. Furthermore, we note that at least two ultra-faint
dwarf galaxies that are likely to be associated with the LMC lie
at larger separations from their (original) host compared to
DELVE 6: Horologium I and Phoenix II (see Pace et al. 2022).
Detailed modeling of the MW and LMC dark matter halo
structures (including the LMC’s dynamical friction wake) and
these satellites’ orbits within the associated potential suggests
that the former of these two ultra-faint dwarfs is unbound from
the LMC, while the latter is likely bound (Garavito-Camargo
et al. 2021). By analogy, we conclude that DELVE 6 could
plausibly be either weakly bound to the LMC or unbound,
given its current position.
The last possibility is that DELVE 6 was initially formed

within the SMC but was stripped from its host due to
interactions between the LMC and SMC. The strongest (and
arguably only) observational evidence for this conclusion is
DELVE 6ʼs large present-day galactocentric distance and its
on-sky location. These properties place the system in a 3D
position where a relatively high density of SMC satellites/
debris is expected based on numerical simulations (Jethwa
et al. 2016). In further support of this possibility, we highlight
that a similar stripping scenario has also been proposed for the
recently discovered ultra-faint star cluster YMCA-1 on the
basis of its proper motion (Piatti & Lucchini 2022); like
DELVE 6, this system lies well beyond the SMC’s tidal radius.
Disfavoring this stripping scenario is the fact that DELVE 6ʼs

age and metallicity from our nominal best-fit solution are
inconsistent with the known SMC globular cluster population,
which includes only a single comparably old system with a
robustly measured age (NGC 121, at τ∼ 11 Gyr; Glatt et al.

Figure 2. (Left) Spatial distribution of stars in a 0°. 12 × 0°. 12 ( ¢ ´ ¢7.2 7.2) field centered on DELVE 6. Stars are colored by their probability of being a member of the
candidate system, as determined through our ugali fit described in Section 2.2; stars with probabilities p < 0.1 are shown in gray. (Middle) CMD for the stars shown
in the left panel. The best-fit isochrone with Z = 0.0001 and τ = 13.5 Gyr is shown in black, although see the discussion in Section 2.2 and Figure 3 for caveats about
this model. (Right) Radial stellar density profile for DELVE 6. The best-fit Plummer model is shown as a solid blue curve, assuming the half-light radius reported in
Table 1 and an ellipticity ò = 0. This ellipticity is approximately matched to the mode of the marginalized posterior distribution for ò derived from our MCMC
analysis; however, our constraint on the system’s ellipticity (ò < 0.56 at 95% confidence) is relatively weak due to the small number of observed member stars.

31 We assume galactocentric distances for the LMC, SMC, and Galactic center
from Pietrzyński et al. (2013), Graczyk et al. (2020), and GRAVITY
Collaboration et al. (2019), respectively. We neglect the uncertainties on these
distances and on each object’s centroid coordinates when calculating DLMC,
DSMC, and DGC because they are subdominant relative to the uncertainty on
DELVE 6ʼs heliocentric distance.
32 This number includes ultra-faint systems but excludes clusters in the MW’s
dwarf satellites (e.g., those in the Fornax dSph and Eridanus II).

33 The two candidate LMC/SMC clusters at larger separations are DES 1
(Luque et al. 2016) and Eridanus III (Bechtol et al. 2015); both are included in
Figure 1. Conn et al. (2018) argued in favor of a Magellanic association for
both, although their analysis did not rely on any kinematic evidence.
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2008). Indeed, our measurement suggests that DELVE 6 would
be the second- or third-oldest star cluster associated with the
SMC, depending on the status of the aforementioned YMCA-1
system, which has a somewhat uncertain age
(τ∼ 9.6–11.7 Gyr; Gatto et al. 2022b; Piatti & Lucchini 2022)
and only a tentative association with the SMC. Nonetheless,
such a stripping scenario has been proposed as one explanation
for the apparent dearth of old star clusters associated with the
SMC. By tracing the orbits of star clusters throughout a period

of dynamical interaction between the LMC and SMC,
Carpintero et al. (2013) found that for large eccentricities
(e> 0.5), ∼15% of the SMC star clusters are captured by the
LMC, and an additional ∼20%–50% of the clusters are ejected
into the intergalactic medium. We believe that either of these
two capture scenarios is more likely than the possibility that
DELVE 6 inhabits a weakly bound orbit in the outer halo of the
SMC (analogous to the case above for the LMC) given that the
system lies at ∼4rt,SMC compared to ∼1.6rt,LMC.
Spectroscopic follow-up will be critical for distinguishing

between these scenarios. Specifically, a radial velocity
measurement would enable the possibility of rewinding
DELVE 6ʼs orbit in the combined MW+LMC+SMC potential,
elucidating its origins. If an LMC or SMC origin can be
robustly established on the basis of its orbit, DELVE 6 may
provide a significant constraint on its host’s age–metallicity
relation at a very large radius. Deeper imaging reaching the
main-sequence turnoff feature of DELVE 6ʼs CMD will be
necessary to realize this possibility and robustly confirm this
system’s ancient age, and a spectroscopic metallicity measure-
ment would aid in breaking the age–metallicity degeneracy
inherent to isochrone fitting.
Lastly, we highlight that the discovery of DELVE 6

emphasizes that the observational census of ultra-faint systems
in the Magellanic environment is incomplete. In the near term,
DELVE’s Magellanic Cloud survey component (DELVE-MC;
see Drlica-Wagner et al. 2021) will provide deep, homo-
geneous imaging spanning ∼2170 deg2 over this region of sky,
enabling a comprehensive search for ultra-faint systems in the
MCs and their outskirts. Considering the continual discovery of
ultra-faint star clusters near the MCs in recent years, we
speculate that a more extensive population of old, metal-poor,
ultra-faint star clusters may exist around the LMC, SMC, and

Figure 3. (Left) 2D posterior probability distribution for the metallicity and age of DELVE 6. The blue shaded contours denote the 1σ, 2σ, and 3σ 2D confidence
regions in this plane. (Right) CMD for all stars within 2r1/2 of DELVE 6ʼs centroid. Two isochrone models are shown. The blue model depicts an isochrone with
[Fe/H] = −2.19 and τ = 13.5 Gyr, consistent with the posterior mode shown in the bottom right corner of the left panel, whereas the red model depicts a younger,
more metal-rich isochrone corresponding to a fit lying within the medium-blue 2σ contour near the top center of the left panel. Here both models are fixed to the
distance modulus reported in Table 1, despite small differences in distance between the corresponding samples. We highlight that one BHB candidate lies along the
older, more metal-poor (blue) model, and one (likely nonmember) star lies near the RHB of the younger, more metal-rich (red) model.

Figure 4. Absolute magnitude (MV) vs. azimuthally averaged half-light radius
(r1/2) for a large sample of classical globular clusters, candidate and confirmed
MW satellite galaxies, and recently discovered ultra-faint halo star clusters. The
location of DELVE 6 in this plane is indicated by a yellow star. A complete
reference list for this figure is available in Appendix B.
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perhaps even other low-mass galaxies in the Local Group,
waiting to be uncovered by current and future surveys.
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Appendix A
Candidate DELVE 6 Members Identified in Gaia DR3

In Table 2, we summarize the properties of the three
potential DELVE 6 member stars that we identified in Gaia
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DR3. We refer the reader to Section 2.2 for a more detailed
discussion of these sources.

Appendix B
References for Literature Data Presented in Figure 4

In Figure 4, we compare DELVE 6ʼs absolute V-band
magnitude (MV) and azimuthally averaged half-light radius
(r1/2) to the known population of MW satellite galaxies, globular
clusters, and recently discovered ultra-faint star clusters. For the
MW satellite galaxies, we adopted or derived measurements of
MV and r1/2 from McConnachie (2012), Kim & Jerjen (2015a),
Drlica-Wagner et al. (2015), Koposov et al. (2015, 2018), Martin
et al. (2015), Torrealba et al. (2016a, 2016b, 2018), Crnojević
et al. (2016), Drlica-Wagner et al. (2016), Carlin et al. (2017),
Homma et al. (2016,2018, 2019), Muñoz et al. (2018), Mutlu-
Pakdil et al. (2018), Wang et al. (2019), Mau et al. (2020),
Moskowitz & Walker (2020), Simon et al. (2020), Cerny et al.
(2021b, 2023), Ji et al. (2021), Cantu et al. (2021), Richstein
et al. (2022), and Cerny et al. (2023). For the ultra-faint star
clusters, we adopted or derived measurements from Fadely et al.
(2011), Muñoz et al. (2012, 2018), Balbinot et al. (2013), Kim &
Jerjen (2015b), Kim et al. (2015, 2016), Martin et al. (2016),
Weisz et al. (2016), Conn et al. (2018), Longeard et al. (2018,
2019), Luque et al. (2018), Mutlu-Pakdil et al. (2018), Homma
et al. (2019), Mau et al. (2019, 2020), Torrealba et al. (2019),
Cerny et al. (2021a, 2023), and Gatto et al. (2022b). In cases
where the above studies of ultra-faint systems quote only an
elliptical half-light radius, we have converted these measure-
ments to azimuthally averaged half-light radii using these works’
reported ellipticities (where possible). Lastly, measurements for
the classical globular clusters are taken from Harris (2010). Two
ultra-faint star clusters discovered in the Sloan Digital Sky
Survey (Koposov 1 and Koposov 2; Koposov et al. 2007) have
been removed from this catalog to avoid duplication.
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Table 2
Properties of Candidate Proper-motion Members of DELVE 6

Gaia Source ID R.A. (deg) Decl. (deg) ϖ (mas) m da cos (mas yr−1) μδ (mas yr−1) pugali Comment

4698076296289954048 33.0582 −66.0618 0.0 ± 0.4 0.6±0.5 −1.1 ± 0.4 1.00 BHB candidate
4698076296289956352 33.0771 −66.0579 0.2 ± 0.6 2.0 ± 0.8 −2.2 ± 0.9 0.99 RGB star
4698076296289957248 33.0549 −66.0558 0.0 ± 0.3 −3.0 ± 0.4 −12.2±0.3 0.00 RHB? nonmember

Note. The astrometric properties included above are all taken directly from Gaia DR3. Here pugali is the membership probability of each star (rounded to the nearest
hundredth) as determined from our fiducial results, which favored the isochrone model with τ = 13.5 Gyr and [Fe/H] = −2.19 dex.
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