Age-Metallicity-Dust degeneracy
in Stellar Population fitting

Ana Tejero S4664728
Panagiota Ntova 54850165

Galaxies: Structure, Dynamics, and Evolution
Paper Presentations 30/4/2026




Paper 1: Conroy, C. (2013). Modeling the Panchromatic Spectral Energy Distributions of Galaxies

Stellar Population Synthesis (SPS)
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We end up with: Age-Z-dust degeneracy: all of
them redden the SED!

dust

Dust can be constrained more easily:

- Spectroscopy: Dn4000 and
Balmer lines to constrain age

- Energy conservation
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Figure 2. Popescu, C. et al. (2010)
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Age-Z-dust degeneracy: all of
them redden the SED!

The Age-Metallicity Degeneracy

THE DREADED DEGENERACY

AGE -- Increasing age reddens the
population by adding more luminosity to
the RGB, removing hot stars from the MS.

METALLICITY -- Increasing Metallicity
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reddens the population by changing the {r & 10,12, 14, 16,18Gyr

high-temperature opacities. o ex gt 12w

(Metallicity also reddens the population
through increased line blanketing in cool
phases.)

‘ Credit: Russell Smith
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3/2rule:achangeinageby 3isa
change in Z by 2 (Worthey, 1994).
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How can age - Z degeneracy be solved’
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Figure 3. Comeron, F. & Pasquali, A. (2005)

Metallicity Lines

o Sensitive to presence of metals.

Normalized flux

Also depend on elemental abundance patterns.

[MgFe] stays robust against abundance pattern
variations
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How can age - Z degeneracy be solved?

Predicting Indices
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For a lower S/N, full spectral fitting is more effective to solve the degeneracy
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Gas-phase metallicity estimation:

— Electron temperature (Te) from auroral/nebular line ratios

Direct probe of the processes that Observationally challenging: weak lines
regulate the physics of ionized nebulae for low Te, metal-rich objects

— Ratio between O and H recombination lines (RLs)

Direct abundance measurement Observationally challenging:
(weakly affected by temperature) very faint for objects at d~ few kpc

— Srong lines - CELs to Balmer line ratios

Stronger and easier to observe in various Indirect proxy — sensitive to calibration
environments and distances and assumptions about T, d, ionization
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Methodology B.
e 5.Measured Te from ? 7.Empirically fit an
nebular to auroral flux ff relation, connecting
ratios strong lines and metallicity

ff relation:

Empirically connecting
strong line widths with

¢ 6.Derived Of/H abundance ¢ 8. Extended therange
directly from Te with individual low-
metallicity spectra
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Conclusions

e Cutri M. etal (2017) offers an empirical relation to infer metallicity from strong line emission
e The gas-phase metallicity of a galaxy sets a lower bound for the stellar population metallicity

e It can help resolve the age-metallicity discrepancy explained in Conroy (2013) by constraining
the age-metallicity parameter space

Thank you!
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