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STELLAR GLOBULAR CLUSTERS

e Globular clusters (GCs) are formed by
tens of thousands to millions of stars:;

o Spherical arrangement of stars:

e Among the oldest objects in the
Universe >10 Gyrs;
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Globular Cluster: M92

Image: JWST see: Krumholz et al. (2019), Chies-Santos et al. (2011b) and Forbes & Bridges (2010)



STELLAR GLOBULAR CLUSTERS

e GC system assembly: in-situ/ex-situ;

e Metal-rich GCs -> redder -> in-situ:
e Metal-poor GCs -> bluer -> ex-situ;

e In the Milky Way, the distribution of
metallicity is typically referenced as

bimodal:

e GCs are valuable tracers of the

assembly history of their host galaxy.

see: Brodie and Strader, 2006:; Rossi et al., 2015: Usher et al., 2019, 2024: Bica et al., 2024

Bica + 2016 : Table3

IT New clusters : Tablel
1 Tablel 4 Table3

[Fe/H] (dex)




[ aboratories for Stellar Evolution and Tracers of Dark Matter.
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see: Hudson, Harris, & Harris (2014), Zaritsky (2022) and Krumholz et al. (2019)



Early-Type Late-Type

e Smoother light profile;  Disk, arm structures, and central bulge;
e Predominantly old, low-mass, and cool stars; e Active star formation:
e Mass range: 10%- 104M e Mass range: 10°- 10” M

NGC3311 & NGC3309

NGC 2403

Images: E. Wehner, Gemini Observatory and J-PLUS



How many clusters does each type galaxy have?
GCs have a strict relation to the galaxy’'s mass
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Images: ESO and NASA



Image: JWST

What Are Those Tiny Things?
A First Study of Compact Star Clusters in the SMACS0723 Field with JWST
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JWST/NIRCam

2.2'~700 kpc at z
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SMACS 0725 at z=0.59




L A

AL
TN

VERA C.RUBIN
OBSERVATORY

Preparation for LSST

Usher et al. (2023)
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using 12 bands, 5 broad and 7 narrow.
Ranging from near-infrared to UV-A light.
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Images: Cenarro et al. (2019)



CHALLENGES FOR
SELECTION

Foreground Star

Globular Cluster

Background

Galaxy

Images: ESO, NASA and J-PLUS
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NGC 3077 M82



Data Preparation

M81 - Field
+ M8l
+ M82
+ NGC 3077
Rubin Early Science - Data Release Scenario
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At first, we work with the

automatic pipeline catalogues




Data Preparation by jEs:

M81 - Field

+ M8l
+ M82
+ NGC 3077

DEC [deg]

Bertin (1996)

When necessary, we work with images and run photometry ourselves




Photometric Correction

Zero Point

Aperture

0.026501
0.031947
0.030163
0.029848
0.040926
0.043606
0.038029
0.026175
0.035034
0.023473
0.033441
0.028965

0.256944
0.288879
0.255187
0.261464
0.309303
0.322511
0.317831
0.299767
0.292709
0.268894
0.258988
0.280862

NGC 2403: Main Field

Mag oy = Magg,i, + Zero Point — Reddening — Aperture.

NGC2403
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NGC 2403: Extinction Map, gSDSS-filter

Schlegel, Finkbeiner & Davis (1998)



External Data

GAIA FEDR3: Astrometric data is
used in the identification of
non-cluster contaminants and
enhancement of candidate

selection.

NGC2403 - Spatial Distribuition
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NGC 2403: Candidates - Proper Motion




WHAT DO WE NEED TO WORK

Nancy Grace Roman Space Telescope

We need Catalogues, and in the following
DRs, we need Images to create more

&
complete catalogues and to have visual

NGC2403

inspection
o o
t The f:”ﬁ
g -
jupyter Projgttrop . & 5 NumPy o
O

|l pandas matpltlib

64.5 1

115.5 115.0 114.5 114.0 113.5 113.0 112.5 112.0 111.5
RA [deg]

Extinction Map



CANDIDATE SELECTION

Simple Cuts

The candidates are selected by using
singular magnitude and color cuts based on

SSP models or spectroscopically confirmed
GCs.

Multi-Dimensional Analysis

Is there a more clever way to prepare and/or
transform the available data to better
separate promising GC candidates?

A Candidates from PCA

NGC 2403 sources and
M81 confirmed GCs

-4 -2 0 2 4
PC 1




Simple Cuts

MW STARS
PASSIVE GALAXIES

MW STARS | BLUE GALAXIES
PASSIVE GALAXIES ' : SF GALAXIES

BLUE GALAXIES

SF GALAXIES

Cantiello et al. 2017/



WNGEETN SISO HEIRGEINSEE DEYOND COLOR-COLOR
DIAGRAMS

e Dimensionality
reduction with PCA

e Statistical matching

e Combine labelled data

from different galaxies

A Candidates from PCA

and surveys

NGC 2403

PC 1




J-PLUS + Euclid
NGC 2403

ISDSS - Ye
ISDSS - Hg

2 4 2 4
uJAVA - iSDSS uJAVA - iSDSS

Fuclid ERO data for NGC 2403

L. K. Hunt et al. (2024)



J-PLUS + Euclid
NGC 2403

e Candidates
A Confirmed

e Candidates
A Confirmed

ISDSS - Ye
ISDSS - Hg

uJAVA - iSDSS uJAVA - iSDSS

The candidates (selected without Y or H bands)

coincide with an overdensity known to host GCs

L. K. Hunt et al. (2024)



Visual Inspection

e [2 stars

e 40 galaxies

e 59 potential GCs
e O undefined

NGC 2405

Euclrd 1mage

L. K. Hunt et al. (2024)

Euclid vs J-PLUS

Image: J-PLUS, Euclid



LSST-LIKE PHOTOMETRY OF THE FORNAX CLUSTER

e Fornax Deep Survey (FDS):

ugri
e Dark Energy Survey (DES):
grizyY
. LSST:
ugrizy

e ~ 1000 spect. contf. GCs

Abbott et al. (2021)
Cantiello et al. (2020)
Pota et al. (2018)
Schuberth et al. (2010)




Multi-Dimensional Analysis P RO S P E CT S

e We are convicted that exploring more sophisticated methods,

creating machine learning models, etc. is the way to go.



Multi-Dimensional Analysis

PROSPECTS

e We are convicted that exploring more sophisticated methods,

creating machine learning models, etc. is the way to go.
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We are making
tests with

autoencoders!

Schweder-Souza et al. (in prep.)
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An Antomated Tonl for Selecting Extragaloctic Globalar Claster Candidates for
the Kubin/L.S5T Commumity
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Multi-Dimensional Analysis P RO S P E CT S

e Photometry data in the LSST filter-set is inevitably limitated.
o We wanto to eventually incorporate different types of data
into our model to improve it: complementary photometry,
images, spectra
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COMMUNITY ACCESS

Make our GC candidate finder

model available to the community

via a web portal.

Hosted by LIneA? Associated with
the Brazilian IDAC?

Let’s talk!




WHAT DO WE NEED TO WORK

e At first: CATALOGUES
e Then: IMAGES

e Future: Multiple types of

data from multiple surveys

s_
jupyter @K_stmpy %% Numpy
.\ / Project

|l pandas matpltlib
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THANK YOU!

OBRIGADO!

contact:
pedlook@gmail.com (Pedro Lopes)
nicholas9357@gmail.com (Nicholas Schweder)



