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Chemical abundances are tightly coupled to the physics of
galaxy formation and evolution

[Mg/Fe]

0.0

Ll Ll I B P Ll Ll I

* I
E ok ki i
A< ** —
>~ [—
o =
**‘; | —
Ay (.
: L
—3 5 —1

Cosmic Horizons 2026 | Mairéad Heiger | 3



.
- = 4
.

Carina

Fornax

’

Codmic-Hadzons 2026 | Mairéad Heiger | 4
Hammer, Yang, Observatoire de Paris - PSL / ESA / Gaia Sculptor ﬁ ----- | S




What underlying physics produced these observations?
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Constructing an
age-metallicity relation”’
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A multi-galaxy model to break degeneracies
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Applying a multi-galaxy model
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Galactic outflows — mass-loading factor
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Empirical vs theoretical CCSN vyields
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A large prompt population + a high specific rate
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The specific rate is correlated with mass
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Close binary fraction increases at low metallicities
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Future work
More galaxies
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Future work

More galaxies
More elements
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Flux

20000m‘ ""\ 4000 3
10000 { 5560
4000 6000 8000 10000
Wavelength [A]

4000 6000 8000 10000

o
4000 6000 8000
Wavelength [A] Wavelength [A]

6000

5000
Wavelength [A]
LAMOST LRS BOSS

LAMOST MRS

Encoders

Shared
Representation

Output Heads

GALAH Labels APOGEE Labels
Teff, log(g), [Fe/H]
[C/IFe], [N/Fe], [Mg/Fe], [AI/Fe].

Teff, log(g), [Fe/H]
. [Si/Fe], [CalFe], [Mn/Fe], [Ni/Fe]

[C/Fe], [N/Fe], [Mg/Fe], [Al/Fe]
[Si/Fe], [CalFe], [Mn/Fe], [Ni/Fe]
+ Uncertainties

+ Uncertainties

Isabelle Laing

+Biprateep Dey, Josh Speagle,
Nathan Sandford, Ting Li, ...

Cosmic Horizons 2026 | Mairéad Heiger | 20



Conclusions

e A joint model of multiple galaxies =¥ constraints on environmental
dependence of processes in chemical enrichment

e Enhanced SNla rate and fraction of prompt SNla in Sculptor and Fornax
suggests a metallicity dependence
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https://arxiv.org/abs/2602.22333
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A large prompt population of SNla
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Measurement uncertainty — bias in the AZR!
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True, unobserved distribution
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Yield/outflow degeneracy
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Chemical evolution is strongly degenerate
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Chemical evolution is strongly degenerate
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Metallicity affects stellar evolution
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