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HYDRODYNAMICAL SIMULATIONS OF GALAXIES

B Galaxy evolution — extreme dynamical range

P Star-by-star models — bridging the gap between small and large scales

Wall et al. (2019,2020), see also Agertz et al. (2021, inc. EA),
Polak et al. (2024a, inc. EA) Andersson et al. (2023) Renaud et al. (2021a,b, inc. EA)
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STAR-BY-STAR MODELS

e.g., Emerick et al. (2018), Andersson et al. (2020), Lahen et al.
(2020), Hiriai et al. (2021), Gutcke et al. (2021), Hislop et al. (2022),
Steinwandel et al. (2022), Calura et al. (2022), Deng et al. (2024),

Brauer et al. (2025)

Traditional star particle

--= Kroupa (2001) \\‘
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STAR-BY-STAR MODELS

Star—-by-star

e.g., Emerick et al. (2018), Andersson et al. (2020), Lahen et al.

(2020), Hiriai et al. (2021), Gutcke et al. (2021), Hislop et al. (2022), *
Steinwandel et al. (2022), Calura et al. (2022), Deng et al. (2024), |

Brauer et al. (2025) . *
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STAR-BY-STAR MODELS

e.g., Emerick et al. (2018), Andersson et al. (2020), Lahen et al.
(2020), Hiriai et al. (2021), Gutcke et al. (2021), Hislop et al. (2022),
Steinwandel et al. (2022), Calura et al. (2022), Deng et al. (2024),
Brauer et al. (2025)

INFERNO
see Andersson et al. (2020,2021,2023,2025)

2 Flexible star-by-star model in the
RAMSES hydrodynamics code

& Natal kicks to treat unresolved dynamics
(e.g., runaway stars)

. *5 ........... .
e S

Oh & Kroupa (2016)

all ejected systems = \[S30P _SPC (-1.4)
=21 MS3UQ_SP (-1.8)
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B MS30P (-2.1)
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STAR-BY-STAR MODELS

e.g., Emerick et al. (2018), Andersson et al. (2020), Lahen et al.
(2020), Hiriai et al. (2021), Gutcke et al. (2021), Hislop et al. (2022),
Steinwandel et al. (2022), Calura et al. (2022), Deng et al. (2024),
Brauer et al. (2025)

INFERNO
see Andersson et al. (2020,2021,2023,2025)

B Flexible star-by-star model in the
RAMSES hydrodynamics code

B Natal kicks to treat unresolved dynamics
(e.g., runaway stars)

B Stellar evolution and feedback
(supernovae, radiation, winds)

B Chemical enrichment
(majority of elements available)

Mass [My]
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ENGINEERING DWARFS AT GALAXY FORMATION'S EDGE (EDGE)

Martin Rey, Justin Read, Andrew Pontzen, Oscar Agertz, Amélie Saintonge, Noelia Noél, Michelle Collins,
Payel Das, Denis Erkal, Robert Izzard, Matt Orkney, Stacy Kim, Corentin Cadiou, Rob Yates, Eric Andersson,

Ricarda Beckmann, Mary Gration, Susan Hutton, Grace Lawrence, Ethan Taylor, Alex Goater, Izzy Gray, Claudia Muni

Prgomet et al. (2021, inc. EA)

o O
O
[ @)
_1 B o) (o}
@)
! N e | o)
! ¢ 0 8
. Radiative feedback @ o
q>§ . 4 . o
<. —92}| IMF variations , ® %@
— | A 0°
am
ey
= - © Fiducial
—3F A Fiducial + RT
| @ Fiducial + IMF(Z)
A Fiducial + IMF(Z) + RT .
O Fiducial, no FB
O 10 X Egn
—4r o O 100 x Esy
o  Local Volume
0 —9 —10 —15
My [mag|

—0.5

Rey et al. (2025, inc. EA)

® EDGE]1 (SNe)
¥ EDGE2 (SNe + RT) !

Local Volume dwartfs

~5 10 15
My,

eandersson@amnh.org



Age of the Universe [Gyr]
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EDGE-INFERNO: STAR-BY-STAR APPLIED IN COSMOLOGICAL ENVIRONMENT
Andersson et al. (2025)

B Star formation regulation weaker tor star-by-star

c.f., Rey et al. (2019), Agertz et al. (2020)
Local Volume dwarfs
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THE CHALLENGE OF OBSERVING THE SMALLEST GALAXIES

Member detection from spectroscopy (velocity)
see review by Simon (2019)

Magnitude limitation: ~23 mag for DES
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THE CHALLENGE OF OBSERVING THE SMALLEST GALAXIES

eandersson@amnh.org
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DIRECT COMPARISONS WITH OBSERVED SYSTEMS
Andersson et al. (2025)

P Systematically underestimate magnitudes

Extended light protile (halo stars)
see also Goater et al. (2023)
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DIRECT COMPARISONS WITH OBSERVED SYSTEMS

Andersson et al. (2025)

B Systematically underestimate magnitudes

Extended light protile (halo stars)
see also Goater et al. (2023)

Mass-metallicity relation

2 CMD shot noise (IMF sampling)
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GALAXY SIMULATIONS WITH INDIVIDUAL STARS
& THE FORMATION OF THE SMALLEST GALAXIES

@ Star-by-star models are important for next generation of simulations!

— IMF sampling important at < 500 M, stellar resolution

— |s star-by-star feedback weaker?

@ Direct comparisons with observed stars:

— Extended, halo-like stellar populations in dwarf galaxies i

— How should we compare models and observations?
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