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The key takeaway

* Stellar concentration (¢, = M*/R,)
Is key to understanding gas-phase
chemical abundances

o High @,
L
* | will argue this to be due to ®, wn Low &
linking tightly with star-formation ©
histories (SFHSs)
t

Adapted from Boardman et al. 2025



The value of gaseous chemical abundances
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* Gaseous chemical abundances are end-products of galaxy evolution
* O and N are both easy to measure in star-forming gas

* N enrichment proceeds over longer timescales at a metallicity-dependent rate
* Though, still not well-understood, as certain JWST results can attest!
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The & ,-N/O relation across galaxies

* N/O correlates more strongly with &, than with M*, as has previously been reported for metallicity’
* Interestingly, @, appears to correlate more strongly with N/O then with metallicity
* This suggests that ®, is indicative of star-formation histories
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What about stellar metallicity?

e Stellar abundances represent the

history of gaseous abundances

* Looser et al. 2024: stellar metallicity
inversely correlates with SFR, at any

given M* or @,

 This mirrors the fundamental
metallicity relation (FMR) for gas
metallicities

 To understand this further, we can

consider stellar metallicities

alongside gas-phase N/O and O/H!

5 The stellar Fundamental Metallicity Relation
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Sample & Data
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How mformatlve are dlfferent ‘fundamental’ relatlons?
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* Traditional FMR weakens at high M*; N/O relation persists, while [Z/H] relation strengthens

Replacing M* with @, significantly strengthens the gaseous relations
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How informative are different ‘fundamental’ relations?
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* Traditional FMR weakens at high M*; N/O relation persists, while [Z/H] relation strengthens

Replacing M* with @, significantly strengthens the gaseous relations

Boardman et al. 2025



Why is @, so predictive of chemical abundances?
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Why is @, so predictive of chemical abundances?
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A unified interpretation of ‘fundamental’ relations
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A unified interpretation of ‘fundamental’ relations
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A unified interpretation of ‘fundamental’ relations
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BUT: little impact on
measured [Z/H]




A unified interpretation of ‘fundamental’ relations
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A unified interpretation of ‘fundamental’ relations
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A unified interpretation of ‘fundamental’ relations
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Implications for high-redshift observations

* The traditional FMR is the weakest tested relation
* Thus, it’s not very useful for understanding galaxy chemical evolution

* Replacing M* with @, significantly tightens gas abundance trends...but
significant redshift evolution is expected

* Mass-size and mass-metallicity relations evolve with redshift (e.g. Maiolino et al. 2008
van der Wel et al. 2014)

* Galaxy structures, SFHs and chemical abundances are intimately linked...

Structure

Chemical abundance
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Implications for high-redshift observations

* The traditional FMR is the weakest tested relation
* Thus, it’s not very useful for understanding galaxy chemical evolution

* Replacing M* with @, significantly tightens gas abundance trends...but
significant redshift evolution is expected

* Mass-size and mass-metallicity relations evolve with redshift (e.g. Maiolino et al. 2008

van der Wel et al. 2014)

* Galaxy structures, SFHs and chemical abundances are intimately linked...

but role of structure remains unclear
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Summary

* Stellar concentration (¥, = M*/R,)
IS key to understanding gas-phase
chemical abundances

* | argued this to be due to ¥, linking o High &,
tightly with star-formation histories A
(SFHS) Low &,
* @ ,-based relations should evolve
strongly with redshift t

Adapted from Boardman et al. 2025

 The traditional FMR is the weakest
tested relation; ®,-based relations
are much more informative.
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Sample & Data
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e =1
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= .
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log(M./M)

Ga[axy sample also used in (SFRs are Ha SFRs from pyPipe3d)
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O/H and N/O calibrators
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* O/H and N/O calculated via direct method strong line calibrators
* Calibrators chosen for their independence: RS;, for O/H, N202 for N/O



12 + log(O/H), log(N/0), [Z/H].
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12 + log(0/H), log(N/0), [Z/H].
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Chemical evolution in galaxies

* Chemical abundances are key to understanding galaxy formation
and evolution

* Chemical evolution in galaxies involves three key processes:

Star-formation

Stars form...and then P

Gas infall ‘ enrich galaxies’ gas Gas outtlow

_ g Gas is lost from a

Gas is accreted galaxy, resulting in
loss of enriched

material

onto a galaxy; fuels
star-formation

* Gaseous abundances represent the end-results of these processes
 Stellar abundances represent the properties of gas when stars formed
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