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ABSTRACT

In this paper, we present the results of a detailed photometric analysis of Glimpse-C02, one of the most extincted globular clusters
of the Milky Way. We built a deep color magnitude diagram spanning ~10 magnitudes and enabling the very first identification of
the main sequence turnoff of the cluster. Due to the extreme reddening conditions of the region where the stellar system is located,
a differential reddening correction was necessary. The resulting reddening map shows color excess variations up to 6E(B — V) = 2.5
mag in the direction of the target. From isochrone-fitting of the differential reddening corrected color-magnitude diagram, we obtained
a new estimate of the mean color excess, E(B — V) = 6.33*)9%, and a distance modulus (m — M)y = 14.00*3%, corresponding to a
distance of d = 6.3*)% kpc from the Sun, and a Galactocentric distance of 2.6*05 kpc. This distance value, within the associated
uncertainties, suggests that the cluster may be located closer to the Galactic Center compared to previous estimates, possibly supporting
its classification as a bulge globular cluster. Furthermore, we obtained a photometric metallicity estimate of [Fe/H] = —0.30fg:ég and
the first absolute age determination for Glimpse-C02, resulting in 7 = 11.9“_’82 Gyr, as typically measured for Galactic globular clusters
at this metallicity. We also obtained a new estimate of the center of gravity of the cluster and determined its projected density profile
from resolved star counts, finding a high King concentration parameter (¢ = 1.97*3>7) and a core radius r. = 8.72*)42 arcsec. Finally,
from the surface brightness profile of the system, we derived an integrated H-band magnitude My = —7.9, corresponding to a mass of

M = 3.571’8% x 10*M,,. Thus, our work classifies Glimpse-C02 as an old and metal-rich globular cluster that is in an advanced stage

of its dynamical evolution.
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1. Introduction

The Milky Way (MW) hosts ~170 globular clusters (GCs),
a large fraction of which have been extensively studied, both
photometrically and spectroscopically, using both space- and
ground-based facilities (see, e.g., Carretta et al. 2009; Valenti
et al. 2010; Kamann et al. 2018; Libralato et al. 2022; Ferraro
et al. 2018a,b, 2023, 2026a). As the oldest stellar systems in
our Galaxy (see, e.g, Marin-Franch et al. 2009; Dotter et al.
2010; VandenBerg et al. 2013; Valcin et al. 2020; Massari
et al. 2023; Aguado-Agelet et al. 2025; Ceccarelli et al. 2025),
they are key tracers of the early evolution of the MW, provid-
ing important insights into its formation and assembly history
(Massari et al. 2019). In this context, it is worth mentioning that
two stellar systems, formerly classified as bulge GCs, Terzan 5
and Liller 1, have been found to exhibit properties that are incom-
patible with those of genuine GCs, such as the presence of
multi-iron and multi-age subpopulations (Ferraro et al. 2009,
2016, 2021). Their properties suggest that they could be fossil

* Based on observations with the NASA/ESA HST, obtained under
program GO 17918 (PI: Loriga). The Space Telescope Science Institute
is operated by AURA, Inc., under NASA contract NAS5-26555.

** Corresponding author: martina.loriga2@unibo.it

remnants of more massive structures that contributed to the for-
mation of the bulge (see also Lanzoni et al. 2010; Origlia et al.
2011, 2013, 2019,2025; Massari et al. 2014; Pallanca et al. 2021 a;
Dalessandro et al. 2022; Crociati et al. 2023, 2024; Alvarez
Garay et al. 2024; Fanelli et al. 2024; Ferraro et al. 2025)
and could represent a significant source of gravitational waves
(Ferraro et al. 2026b). This reinforces the urgency to extend
the investigation of Galactic GCs to include stellar systems that
have been poorly studied so far because they are located in
observationally challenging regions. In fact, a proper charac-
terization of star clusters in regions such as the bulge and the
disk has often been hampered by extreme obscuration due to
interposed dust along the line of sight, and by severe stellar
crowding.

Near-infrared (NIR) surveys such as the Two Micron All
Sky Survey (2MASS; Skrutskie et al. 2006), the VISTA Vari-
ables in the Via Lactea (VVV) survey (Minniti et al. 2010)
and its extension VVVX (Minniti 2016), together with mid-
infrared surveys, such as the Galactic Legacy Infrared Mid-Plane
Survey Extraordinaire (GLIMPSE; Benjamin et al. 2003) and
the Wide-field Infrared Survey Explorer (WISE; Wright et al.
2010), have been fundamental for the study and the discov-
ery of previously unknown GCs in the MW bulge and disk.
Various methods have been employed to identify and confirm
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potential star clusters, for example, by building density maps to
visually detect the presence of overdensities (Minniti et al. 2017).
However, since not all overdensities correspond to real clusters,
one of the most reliable approaches is represented by a kinematic
analysis, especially exploiting the high precision of Gaia proper
motions (see, e.g., Garro et al. 2020, 2021; Obasi et al. 2021;
Minniti et al. 2021a), to distinguish between cluster members
and galactic field interlopers and to determine the real nature
of the stellar system. Still, Gaia works mainly in the optical
band, and the limiting magnitude in the G band is ~20, which
is not enough to perform a complete kinematic analysis of the
systems. Moreover, only a fraction of the discovered stellar sys-
tems have been analyzed so far (Froebrich et al. 2007; Borissova
et al. 2014; Minniti et al. 2017, 2021a, 2021b; Camargo 2018;
Palma et al. 2019; Camargo & Minniti 2019; Garro et al. 2020,
2021; Obasi et al. 2021; Dias et al. 2022; Garro et al. 2022;
Kader et al. 2022, 2023; Kunder et al. 2024; Hughes et al. 2026,
among others) and current ground-based infrared (IR) facilities
are not sufficient to completely characterize these objects. So, a
very precise, high-resolution IR study is needed, exploiting, for
example, the superb capabilities of the Hubble Space Telescope
(HST).

In this context, we present the first accurate photomet-
ric analysis of Glimpse-C02, one of the most extincted GCs
of the MW. It was discovered in the GLIMPSE project
(Benjamin et al. 2003), which offered an excellent opportu-
nity to explore a very extincted region of our galaxy, thanks to
the use of NIR wavelengths, and to provide a deep census of
reddened MW GCs. Glimpse-C02 is situated near the Galac-
tic plane (I = 14°.129, b = —0°.644; see N.3 in Mercer et al.
2005), inside the thin disk, between its inner edge and the tran-
sition region with the bulge, at a distance D ~ 4.6 + 0.7 kpc,
based on the brightnesses of the red clump (RC) and the tip of
the red giant branch (RGB) (Kurtev et al. 2008). It is a heav-
ily extincted stellar system (Ay =~ 24.8 + 3) that, according to
moderate resolution K-band spectra of three probable members,
has a metallicity [Fe/H]= —0.33 + 0.14 (Kurtev et al. 2008).
However, these results were obtained with the ground-based
instrument Sofl at the New Technology Telescope (NTT), which
allowed the identification of just a portion of the RGB of the
cluster, considering a region of 60” from the center (see Fig-
ure 2 of Kurtev et al. 2008). Hence, the high-resolution and NIR
capabilities of the HST WFC3/IR camera represent an unprece-
dented opportunity to fully characterize this stellar system
photometrically.

This work is organized as follows. Section 2 describes
the NIR datasets used in the analysis and the adopted data
analysis procedures. In Section 2.3, we present the derived
color-magnitude diagrams (CMDs) and discuss the main char-
acteristics of the evolutionary sequences. Section 3 describes
the method adopted to build the differential reddening map in
the direction of the cluster. In Section 4, we show a comparison
with a well-known bulge GC (NGC 6440) that is characterized
by a similar value of metallicity, while Section 5 is focused
on the estimate of the absolute age of Glimpse-C02 through
isochrone fitting and the determination of its distance modulus
and color excess. In Section 6, we present a new determination
of the center of gravity and of the projected density and surface
brightness profiles, which are used to derive the main structural
parameters of the system via King model fitting, and to esti-
mate the total luminosity and the mass of the cluster. Finally,
in Section 7 we present a summary of the work and the main
conclusions.
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Fig. 1. WFC3/IR image centered on Glimpse-C02 obtained in the
F160W filter, with an exposure time of 199 s. North is up, east is to
the left.

2. Observations and data analysis
2.1. NIR dataset

The photometric investigation of Glimpse-CO02 presented in this
study is based on the analysis of the first HST epoch of this
stellar system (proposal GO 17918, PI: Loriga). It is composed
of high-resolution images obtained from the IR channel of the
WEFC3/HST. This instrument provides a spatial resolution of
~0.13 arcsec/pixel in a nominal 136 x 123 arcsec? field of view
(FoV). The data were acquired on March 30, 2025 and they
are composed of four images obtained in F110W (2 x 399 s,
2 % 299 s) and four images in FI60W with an exposure time of
199 s. For the sake of illustration, a F160W image of the studied
cluster is shown in Fig. 1.

To determine the stellar density profile along the entire radial
extension of the system, we complemented the high-resolution
HST data with a set of wide-field near-IR images obtained as
part of the VVVX survey (Minniti 2016), as described also in
Cadelano et al. (2022). This dataset was acquired with the
VISTA InfraRed CAMera (VIRCAM) mounted on the VISTA-
ESO telescope. It is composed of two images obtained with the
J filter and an exposure time of 120 s, and five images with the
K filter and an exposure time of 16 s.

2.2. Data reduction

In our photometric analysis, we used flt images, which
are already processed and calibrated (i.e., flat-fielded, dark-
subtracted) by the Space Telescope Science Institute (STScI)
pipeline, as well as drz images, which are calibrated and cor-
rected for geometric distortions. The analysis of the dataset has
been performed using DOLPHOT (Dolphin 2000, 2016), a stel-
lar photometry package that was originally created to obtain
accurate stellar photometry PSF-fitting with the Wide Field and
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Fig. 2. Left panel: (mgis0w, Mr110w — Me1gow) observed CMD of Glimpse-C02 after the cleaning procedure using roundness, sharpness and chi
parameters, with the reddening vector shown as a red arrow. Central panel: (mgiow, Mr110w — ME16ow) observed CMD of Glimpse-C02 after the
same cleaning procedure and by considering a radius of 45" from the center, as determined in Sect. 6. Right panel: (K, J — K;) CMD for distances

beyond 250" from the center, obtained from the analyzed VIRCAM dat

Planetary Camera 2 (WFPC2) data, but it was then generalized
to use analytic PSF models for any camera. The procedure is
very similar to the classic point spread function (PSF)-fitting
routine, and it also includes an initial image preparation, mean-
ing a masking of bad columns, cosmic-ray cleaning, hot pixel
masking, etc.; a sky or background determination and a final
aperture corrections evaluation and application to provide a cal-
ibrated photometry. DOLPHOT also performs pixel area map
(PAM) and charge transfer efficiency (CTE) corrections. In our
procedure, we used the drz F160W image as the reference frame
for all the other F160W and F110W images, for which the geo-
metric transformations were determined. We set a threshold of
5o for the inclusion of stars in the final catalog. All remaining
parameters were set to the default values for the camera. The
final product is a catalog in which the magnitudes from differ-
ent images are combined using a weighted mean that accounts
for the y? of the PSF-fitting procedure. Moreover, the magni-
tudes are reported to the VEGAMAG photometric system, using
the appropriate zero points and encircled energy fractions, and
including aperture corrections. Furthermore, the final catalog
contains several photometric quality flags (e.g., chi, sharpness,
roundness) that are useful for preliminary cleaning to remove
poorly measured stars. The final necessary step in building the
final catalog was to transform the instrumental coordinates to the
absolute reference frame (a and ). To do that, we used the stars
in common with the publicly available 2MASS catalog
(Skrutskie et al. 2006), which was used as a sort of “bridge cat-
alog” to obtain the astrometric information from the Gaia DR3
catalog (Gaia Collaboration 2023), through the cross-correlation
software CataXcorr (Montegriffo et al. 1995). In the case of the

a.

VIRCAM data, the data reduction was performed using a stan-
dard approach suitable for ground-based observations with the
DAOPHOT and ALLFRAME packages (see, e.g., Loriga et al.
2025). The resulting catalog was astrometrized using the stars in
common with the Gaia DR3 catalog (Gaia Collaboration 2023)
and the instrumental magnitudes were calibrated using the stars
in common with the 2MASS catalog (Skrutskie et al. 2006),
obtained with the same filters and in an overlapping region of
the sky. The derived CMD is shown in the right panel of Fig. 2.

2.3. NIR CMD of Glimpse-C02

The CMD obtained from the analyzed observations is shown
in the left panel of Fig. 2, after applying a cleaning procedure
based on the chi, sharpness, and roundness parameters, using
a 30 clipping criterion. The central panel of the same figure
shows the CMD that includes only stars located within a radius
of 45” from the system’s center of gravity, as defined in Sect. 6.
This represents the first CMD of Glimpse-C02 ever obtained
from high-resolution HST data, and its comparison with pre-
vious results published in the literature (see Fig. 2 of Kurtev
et al. 2008) allows us to fully appreciate the advantages of using
space-based high-resolution IR data. By analyzing the CMD, it
is possible to identify, for the first time for this stellar system,
the main sequence turnoff (MS-TO), which is located around
meigow ~ 20 (mprow ~ 23). The CMD extends ~3 mag below
it. However, the effect of differential reddening is evident as a
huge spread of all the evolutionary sequences, which are also
affected by intense field contamination, as clearly visible mainly
in the left part of the CMD. Unfortunately, it is not possible
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to decontaminate the cluster population from field interlopers.
In fact, no second epoch observations exist to measure relative
proper motions and discriminate cluster members from Galactic
field interlopers. We also searched for stars in common with Gaia
DR3 (Gaia Collaboration 2023), but only a few matches with
measured proper motions were found, mostly located in CMD
regions typical of field stars, thus preventing a reliable decon-
tamination. In addition, no complementary observations of the
field surrounding the cluster are available to perform a statisti-
cal decontamination (e.g., Dalessandro et al. 2008, 2019; Giusti
et al. 2023; Rosignoli et al. 2026).

Despite all this, the presence of a well-populated and
extended RGB, which is a characteristic commonly associated
with old stellar systems, can be clearly recognized in the CMD.
Moreover, the lack of a blue horizontal branch (HB) suggests
a likely metal-rich GC, which is in agreement with the spec-
troscopic analysis of Kurtev et al. (2008). A low-significance
over-density along the RGB at magnitudes mg;jow ~ 19.5 and
mpeow = 16.5 suggests the presence of the red clump typical of
metal rich-populations.

3. Differential reddening

One of the main challenges in characterizing Glimpse-C02 is
represented not only by the presence of strong interstellar extinc-
tion but also by its spatial variability along the line of sight.
This is known as differential reddening and is due to the pres-
ence of clouds with different column densities on scales as small
as a few arcsec (see, e.g., Pallanca et al. 2021a). As a conse-
quence, the amount of color excess E(B — V), defined as the
difference between the observed color (B — V) and the intrin-
sic one (B — V), varies from star to star depending on their
position within the observed field. The primary effect on the
CMD is a stretching of the evolutionary sequences along the
reddening vector. To correct the CMDs for this effect, the first
step consists of the assumption of the “reddening law” (see,
e.g., Cardelli et al. 1989; Fitzpatrick & Massa 1990; O’Donnell
1994; Fitzpatrick 1999), which means the wavelength depen-
dence of interstellar extinction relative to the absolute extinction
in the V-band. Indeed, the direction of the reddening vector
in a CMD depends on the photometric filters adopted, through
wavelength-dependent parameters commonly referred to as R,.
These parameters are related to the extinction coefficients via
the relation A, = Ry X E(B— V). Each R, can be expressed as the
product of two terms: R; = Ry X c,p,. Here, cyg, corresponds
to the ratio A /Ay (or equivalently, R;/Ry), which describes
the reddening law. In our case, we assume the standard red-
dening law described by Cardelli et al. (1989) with Ry = 3.1,
corresponding to Rpjjow = 1.04345 and Rg6ow = 0.63296.

To perform the differential reddening correction, we adopted
a star-by-star approach, described in detail by Pallanca et al.
(2019, see also Cadelano et al. 2020; Pallanca et al. 2021a; Loriga
et al. 2025). The method consists in determining the mean ridge
line (MRL) of Glimpse-C02 in the NIR CMD by selecting a
sample of well-measured, likely member stars located along the
RGB, sub-giant branch, and upper MS. For each star in our
HST catalog, we then identified a group of nearby N, = 30
stars (selected within a maximum radius of 10”") that were also
well measured. This group, composed of N, stars, was used to
construct a so-called “local CMD”. To estimate the differential
reddening that affects each star, we shifted the MRL along the
reddening vector in steps of 6E(B — V) until it matched the local
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Fig. 3. Differential reddening map relative to the cluster center position
(black cross; see Sect. 6). North is up, east is to the left. Darker colors
correspond to more extincted regions, as detailed in the side color bar
that reports the differential color excess 6(B — V).

CMD. The differential reddening map obtained from this proce-
dure is shown in Fig. 3 on a FoV of roughly 136 x 123 arcsec?,
corresponding to the nominal FoV of the WFC3. In the figure,
only regions with reliable differential reddening corrections are
shown. As can be seen, the reddening appears patchy, with dif-
ferent regions characterized by different reddening features. On
the western side of the FoV it is possible to distinguish a highly
reddened region (darker colors). The same holds for the south-
ern side, where a more elongated filament is observed, and in the
northwest part of the map. A small dark blob can also be noticed
in the north with respect to the center of the cluster (black cross;
see Section 6). Some lighter blobs, meaning smaller values of
differential reddening, can be seen in the northwest region of the
FoV, as well as in the eastern part. Overall, the map graphically
indicates an extremely large variation in the extinction, reaching
a maximum value of §E(B — V) = 2.5 mag in the whole FoV.
The derived reddening map has been applied to correct the
effects of differential reddening in the observed CMDs (see
Fig. 4). A residual differential reddening is likely still present
in the CMD, as shown in the right panel of Fig. 4, where the red
crosses indicate the 300 mean magnitude and color uncertainties
in each magnitude bin, which are smaller than the residual width
of the sequences. However, overall, the significant improvement
achieved through the correction is clearly visible, particularly in
the RGB of the central panel of Fig. 4, as well as in the MS-TO
region, which appears noticeably sharper and better defined.

4. Comparison with NGC 6440

First, given the complexity of Glimpse-C02, we adopt a qualita-
tive approach that consists of comparing the CMD of this system
with that of the well-studied bulge GC NGC 6440. The compari-
son can provide first-guess values of the distance and mean color
excess of Glimpse-C02. Indeed, NGC 6440 provides a useful ref-
erence, as its metallicity ([Fe/H] = —0.56, Origlia et al. 1997,
2008) is similar to that of Glimpse-C02. Moreover, NGC 6440
was observed with the same HST WFC3/IR filters as Glimpse-
C02, thus allowing for a straightforward comparison between
the two. In particular, the dataset (Proposal GO 12517, PI: F.R.
Ferraro) is composed of eight images obtained in the F160W fil-
ter (1 X 26 s and 7 X 249 s) and eight images in F110W (1 X 26 s
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and X7 X 349 s). For this cluster, we performed the same reduc-
tion procedure for Glimpse-C02 described in Sect. 2.2, using an
F160W drz image as a reference. The distance modulus of NGC
6440 ((m — M)y = 14.6), together with its age (¢ = 13 Gyr) and
reddening (E(B — V) = 1.27), has been accurately determined
by Pallanca et al. (2021b, see also Cadelano et al. 2017b, 2023).
Therefore, by using the differential reddening-corrected CMD
of Glimpse-C02 in the absolute plane, using the values of dis-
tance modulus and color excess from Kurtev et al. (2008), we
evaluated the MRL of the system, considering only stars located
around the HB, RGB and the upper part of the MS, meaning
most likely belonging to the cluster. We then constructed the
MRL of NGC 6440 and shifted the one of Glimpse-C02 until
they matched (right panel of Fig. 5). The values that minimize
the color and magnitude difference between the two MRLs have
been used to obtain first-guess estimates of the distance modu-
lus and mean color excess for Glimpse-C02: (m — M)y = 14.0,
E(B - V) = 6.4 (left panel of Fig. 5). The very good match
between the two CMDs and MRLs suggests that Glimpse-C02
has an age and a metallicity comparable to those of NGC 6440.

5. Age and distance determination

Starting from the first-guess values of the distance modulus and
reddening of Glimpse-C02 obtained from the superposition of
its CMD onto that of NGC 6440, we refined both estimates
and determined the age and metallicity of the cluster via the
isochrone fitting technique. In this approach, the observed CMD
of the cluster is compared with a set of theoretical isochrones
to simultaneously estimate age, reddening, distance modulus,
and metallicity. To explore the parameter space and derive

® Glimpse-C02 E
MRL NGC 6440
— - MRL Glimpse-C02 .

' e NGC 6440
e Glimpse-C02

[ Glimpse-C02:
|E(B-V) =6.4
(m-M)o = 14

-[NGC 6440:
E(B-V) = 1.27
| (m-M)o = 14.6

Mr160w

-05 00 05 10
Me110w — Me160w

-0.5 0.0 0.5 1.0
Mr110w — Mrisow

Fig. 5. Left panel: superposition of the (MF160W7 MFIIOW - MF160W)
CMD of Ghmpse-COZ (red dOtS) with the (MF]6()W, MF]]OW - MFIGOW)
CMD of NGC 6440 (black dots) in the absolute plane. The parameters
used for each GC are labeled. Right panel: (Mgi6ows Mriiow — MFisow)
CMD of Glimpse-C02 in the absolute plane with the MRL of NGC 6440
(blue line) and Glimpse CO02 (red line) superposed.

the best-fit solution, we used the Markov Chain Monte Carlo
(MCMC) approach described in Cadelano et al. (2020, see also
Deras et al. 2023, 2024; Giusti et al. 2024; Giusti et al.
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2025), implemented through the emcee code (Foreman-Mackey
et al. 2013, 2019). We adopted the Bag of Stellar Tracks and
Isochrones (BaSTI) isochrones (Hidalgo et al. 2018; Pietrinferni
et al. 2021, 2024), with [a/Fe]= 0.4, a standard He abundance
of Y = 0.247, and including overshooting as well as RGB mass
loss. We assumed flat priors for the age, spanning from 2 to
14 Gyr in steps of 0.1 Gyr, and metallicities in the range —1 <
[Fe/H] < 0.2 with steps of 0.05 dex. Moreover, Gaussian pri-
ors centered on the values obtained from the comparison with
NGC 6440, with a o = 0.1, were adopted for E(B — V) and
(m — M)o. The left panel of Fig. 6 shows the isochrone that best
reproduces the evolutionary sequences for » < 25” from the cen-
ter of the system. The complete set of parameters derived by

the procedure are: (m — M)y = 14.00%0:1°, E(B — V) = 6.3370.0%,

t = 11.9’:8:2 Gyr, and [Fe/H]= —0.3Of8:(1)g. The results robustly
confirm that Glimpse-CO02 is an old system, fully consistent with
the indication already suggested by visual inspection of its CMD.
Our estimate of the distance (d = 6.3f8:§ kpc) appears to be
slightly larger than the value of d = 4.6 = 0.7 kpc published in
Kurtev et al. (2008). The corresponding distance from the Galac-
tic center is 2.6f8:§ kpc, smaller than the literature one. The mean
color excess is significantly smaller than the literature value,
namely, E(B — V) = 7.85 (Harris 1996; Kurtev et al. 2008). A
good agreement within the uncertainties is found, instead, for

the derived value of [Fe/H].

6. Determination of the structural parameters
6.1. Radial density profile

The first step in determining the cluster’s density profile is to
estimate the system’s center of gravity (Cgry). In this study,
we derived it using resolved star counts, made possible by
the high spatial resolution of the data. To determine Cgp.y, We

A186, page 6 of 9

computed the barycenter of stars selected within specific magni-
tude ranges and radial distances, starting from an initial guess
value (Harris 1996). This procedure was repeated iteratively,
using the barycenter obtained from the previous iteration as
the new center. Convergence was achieved when the difference
between two successive estimates was less than 0.01” (see, e.g.,
Montegriffo et al. 1995; Miocchi et al. 2013; Giusti et al. 2024).
The analysis was carried out considering stars selected within
four different radial ranges (30", 35", 40", 45”") and three mag-
nitude ranges (20.75 < mgigow < 16.0, 20.5 < mpigow < 16,
19.5 < mpigow < 16.0), restricting the sample to the color range
2.8 < (mpi1ow — mrigow) < 3.5, in order to mitigate field con-
tamination. Radial distances were chosen to sample the gradient
in the surface brightness of the cluster, which becomes notice-
able at approximately ~10” based on visual inspection of the
maps. The faint magnitude limits were selected to guarantee high
statistics while avoiding spurious fluctuations due to photomet-
ric incompleteness. The bright magnitude cut at mpjgow = 16
was applied to exclude saturated stars. The final position of
Cgray Was obtained by averaging the 12 barycenter estimates,
while its uncertainty was estimated as the standard deviation
of the mean. The coordinates of Cgp,y thus determined are:
aicrs = 18M18™M30.54%, Sicrs = —16°58734.94”, with uncertain-
ties of 0.09” in the right ascension and 0.25” in declination. This
new estimate differs by 3.12” from the value quoted by Harris
(1996).

After the determination of Cg,y, we proceeded to derive the
radial density profile based on resolved star counts (see, e.g.,
Miocchi et al. 2013; Cadelano et al. 2017a; Beccari et al. 2023;
Loriga et al. 2025). To sample the inner ~60” from the cen-
ter, we used the WFC3 dataset. For the cluster’s outer regions
(60" < r <210”), we used the wide-field VIRCAM dataset. In
both cases, the FoV was divided into concentric rings of differ-
ent sizes, chosen to ensure good statistics. Within each ring, we
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Fig. 7. Projected density profile of Glimpse-C02 derived from star
counts in concentric annuli around Cg,, (empty circles) by combining
WFC3 and VIRCAM data. The horizontal dashed segment indicates
the Galactic field density, which has been subtracted from the observed
points (empty circles) to obtain the background-subtracted profile,
shown as filled circles. The solid red line represents the best-fit King
model to the cluster’s density profile, with the red stripe indicating the
+10 range of solutions. The vertical lines denote the positions of the
core radius (short dashed line), half-mass radius (dot-dashed line). The
values of the main structural parameters obtained from the fitting pro-
cess are labeled (see details in the text).

calculated the stellar density as the number of stars divided
by the area. To minimize incompleteness effects in the inner
regions, we considered only stars with mggow < 20, with a cut
that was made along the direction of the reddening vector. For
the VIRCAM wide-field data, we considered only stars with
a magnitude K; < 14. The VIRCAM profile was then renor-
malized, by anchoring it to the two outermost radial bins of
the WFC3 profile, which are in common between the two pro-
files. The projected density profile obtained from this analysis
is shown in Fig. 7 as empty circles. In the outermost regions, at
only 60” from the cluster center, the profile exhibits a flattening,
with the logarithm of the density remaining roughly constant at
~ —0.7 stars arcsec™2. This is the signature of intense contam-
ination by Galactic field stars. This value was then subtracted
from the observed profile and the decontaminated radial den-
sity distribution of the cluster is shown as filled circles in Fig. 7.
To derive the structural parameters of Glimpse-C02, we adopted
the fitting procedure described in Raso et al. (2020); Cadelano
et al. (2022). Specifically, we performed an MCMC fitting of
the observed density profile using King (1966) models, with
flat priors on the fitting parameters, namely the central density,
the concentration parameter (c), and .. Moreover, a y? likeli-
hood function was used to derive the best fitting parameters. The
resulting best-fit model is shown in Fig. 7 and is characterized

: _ +0.51 .
by a concentration parameter ¢ = 1.977 27, corresponding to a

dimensionless central potential W, = 8.45722, and a core radius

23
re = 8.9*22 arcsec, a half-mass radius ry, = 917333 arcsec, and a

5

tidal radius r, = 848fé2é2 arcsec.
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Fig. 8. Same as in Fig. 7 but for the surface brightness profile in the
HST/WFC3 F160W filter.

6.2. Surface brightness profile

To double-check the values of the structural parameters and
estimate the total luminosity and mass of the cluster, we also
analyzed its surface brightness profile. The procedure closely
follows that adopted for the stellar density profile (see Sect. 6.1).
The WFC3 FoV of a drz FI60W-band image was divided into
a set of concentric annuli, and each annulus was further subdi-
vided into four angular sectors. The integrated surface brightness
of each ring was computed as the average of the four sector
values, while the associated uncertainty was estimated as their
standard deviation. The resulting surface brightness profile is
shown in Fig. 8 (empty circles). The mean surface brightness of
the background was estimated from the average of the outermost
two data points, yielding a value of ugisow ~ 18.8 mag arcsec™2.
This background level was subtracted from all measurements,
producing the decontaminated surface brightness profile (filled
circles). The corrected profile was fitted following the same
methodology described above, through comparison with a grid
of King models. The best-fitting parameters are a dimensionless

central potential W, = 8.45712>, a King concentration index ¢ =

1.97”_’8:‘3‘2;, a central surface brightl(l)fi%s Urieowo = 18.43%003 mag
+0.:

arcsec™“, a core radius 7. = 8.72_0 35 Arcsec , a half-mass radius

Fhn = 89”_’%?91'5 arcsec, and a tidal radius r, = 8292{8‘12 arcsec. All
these parameters are consistent, within the uncertainties, with
those derived from the fit to the stellar density profile. It is worth
emphasizing that the parameters W, and ¢ match exactly.

To estimate the integrated absolute magnitude of the system,
we assumed the distance modulus and color excess previously
determined (Sect. 5), Rrigow = 0.63296 (see Sect. 3), an H-
band mass-to-light ratio for a Kroupa initial mass function of
M/Ly = 1.2 (Maraston & Thomas 2000; Maraston 2005), and an
absolute magnitude in the F160W filter for the Sun of Mg 160w =
3.36 (Willmer 2018). The integration of the surface brightness
profile under these assumptions provided us with an integrated
absolute magnitude in the H band of My = —7.9, which corre-
sponds to a luminosity Ly = 3.05*)1% x 10*Ls, and a total mass

of M = 3-57th%§ x 10* M, for Glimpse-C02. We also computed
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the cluster’s half-mass relaxation time (#4,) following Spitzer &
Hart (1971). Using the cluster mass in solar masses, the dis-
tance derived in Sect. 5, and the half-mass radius from the fit
to the density profile (Sect. 6.1), we obtained log(t4/yr) = 8.7.
Then, considering the estimated age (Sect. 5), we evaluated
t/t, = 23.6.

7. Conclusions

This work presents the first comprehensive photometric study
of Glimpse-C02, one of the most heavily obscured GCs in the
Galaxy. Taking advantage of the first available HST/WFC3 IR
data, we conducted a detailed analysis of its stellar population.
We constructed a deep NIR CMD extending by ~10 mag and
reaching ~3 mag below the MS-TO. This represents the first
CMD that clearly reveals the position of the MS-TO of the
cluster, providing an unprecedented view of its stellar popula-
tion. Because the system lies in a highly reddened region, we
derived a high-resolution reddening map that allowed us to per-
form a differential reddening correction, revealing variations up
to 0E(B — V) =~ 2.5 mag across the entire FoV. Despite the use of
IR filters and well-tested differential reddening correction tech-
niques, proven to be effective even in the most challenging cases,
such as NGC 6440 (Pallanca et al. 2021b) and Liller 1 (Pallanca
et al. 2021a), some residual differential reddening is still present
in the CMD and made the derivation of the physical properties of
the cluster particularly complex. Nevertheless, by taking advan-
tage of the differential reddening corrected CMD, we estimate a
mean reddening E(B - V) = 6.337003 (confirming that Glimpse-
CO02 is one of the most extincted GCs in our Galaxy), a distance
d= 6.3t8:§ kpc, and an absolute age t = 11.9t8:g Gyr. We empha-
size that this is the first age estimate of Glimpse-C02, made
possible by the fact that the acquired data finally allowed us to
identify the evolutionary sequences of the cluster, which revealed
that it is a metal-rich and old GC. Its metallicity is consistent
with that of bulge GCs and its distance from the Galactic center
and the associated uncertainties (z2.6t8'$ kpc) suggest it may be
located closer to the bulge than previously reported. In the litera-
ture, it was placed in the inner transition region between the thin
disk and the bulge (see Kurtev et al. 2008), while our estimate
indicates a position somewhat closer to the Galactic Center. A
kinematic analysis of the cluster’s motion within the MW could
help clarifying whether it belongs to the bulge or to the disk.
In any case, given its metal-rich nature, we expect Glimpse-C02
to be an in-situ formed GC. Finally, we also studied the inter-
nal structure of the system exploiting the high resolution of our
dataset, first by estimating the center of gravity, which results in
an offset of 3.12” from the one in the literature (Harris 1996),
then by building the radial density profile from star counts. This
shows that Glimpse-C02 is a GC with a high concentration,
suggesting an advanced stage of internal dynamical evolution.
However, it is worth noticing that the derived quantities are
affected by large uncertainties, due to the high level of Galac-
tic field contamination. The system’s surface brightness profile
allowed us to estimate its integrated absolute magnitude in the H
band (My = —7.9) and its total mass (M = 3.57%03% x 10*Mo),
which collocate this stellar system in the low-mass end of the
Galactic GCs mass distribution.

In summary, this analysis provided us with a very accurate
characterization of the stellar population of Glimpse-C02 with a
level of detail never reached before. This also demonstrates the
great potential of high-resolution IR surveys to obtain a compre-
hensive view of the star cluster population in the MW, especially
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those located in its most extreme regions. Following these
results, future prospects include obtaining longer-wavelength
observations to improve the correction for differential redden-
ing, and consequently, to better characterize the morphology
of the evolutionary sequences. In addition, instruments such as
JWST could provide higher-resolution images, which would help
refine the differential reddening correction by resolving blended
sources. They could also represent second epoch observations,
allowing for a solid distinction between cluster members and
Galactic field interlopers via proper motion measurements and
the determination of the cluster’s absolute motion in the plane
of the sky. Combined with radial velocities from spectroscopy,
these data could enable the reconstruction of the cluster’s orbit,
and thus its dynamical history within the MW.

Data availability

A Table of the photometry and positions is available at
the CDS via https://cdsarc.cds.unistra.fr/viz-bin/
cat/J/A+A/709/A186.
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