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Abstract
Unprecedented discoveries of increasingly fainter galaxies in our Universe over the past decade, offer a new lens into th
range of formation pathways available for galaxies and the structure of the invisible (dark) matter that accounts for
about 85% of the total mass budget in our Universe. In parallel, state-of-the-art cosmological simulations studying galax
formation have revealed tantalizing, complementary constraints to the nature of dark matter. | will describe how, taken
in conjunction, astronomical data and cosmological simulations can be combined to advance our current understanding ¢
dark matter and galaxy evolution.

Drawing from empirical relationship between the galaxy stellar mass and dark matter mass, | will focus on the interfa
between galaxy formation and dark matter. | will discuss how faint galaxies, including those near and far from the Mi
Way, provide evidence of the incompleteness of our standard cosmological paradigm. | will also show that cosmologi
hydrodynamics simulations of low mass galaxies under different dark matter cosmologies and identical star formation
models from the well-known FIRE project can constrain the dark matter mass and its self-interaction using observatio
faint galaxies in our own galaxy. Then, | will highlight how observational constraints on the evolution of thedfirst galax
that formed in the early universe provide complementary information regarding the dark matter intrinsic/properties.
conclude with the prospects for future constraints on the nature of dark matter using a combination of/cutting-edge
cosmological simulations and modern instruments such as Gaia, LSST, JWST, and the Roman Space Telescope.
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