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ABSTRACT

The combination of gas-phase oxygen abundances and stellar metallicities can provide us with unique insights into
the metal enrichment histories of galaxies. In this work, we compare the stellar and gas-phase metallicities measured
within a 1R, aperture for a representative sample of 472 star-forming galaxies extracted from the SAMI Galaxy
Survey. We confirm that the stellar and interstellar medium (ISM) metallicities are strongly correlated, with scatter
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fused fibre hexabundles (Bland-Hawthorn et al. 2011; Bryant
et al. 2014) with a high (75%) fill factor. Each bundle con-
tained 61 fibres of 1.6"” diameter resulting in each integral
field unit (IFU) having a diameter of 15”. The IFUs, as well as
26 sky fibres, were plugged into pre-drilled plates using mag-
netic connectors. SAMI fibres were fed to the double-beam
AAOmega spectrograph (Sharp et al. 2015), which allowed
a range of different resolutions and wavelength ranges. The
SAMI Galaxy survey employved the 580V grating between
37505750 A giving a resolution of R=1810 (¢ = 70.4 kms™')
at 4800 A and the 1000R grating from 6300-7400 A giving a
resolution of R=4260 (o = 29.6 km s™!) at 6850 A (Scott
et al. 2018). 83% of galaxies in the SAMI target catalogue
had coverage out to 1 effective radius (1R., Bryant et al.
2015).

The SAMI Galaxy Survey was comprised of a sample drawn
from the Galaxy and Mass Assembly (GAMA; Driver et al.
2011) survey equatorial regions (Bryant et al. 2015), and an
additional sample of eight clusters (Owers et al. 2017). SAMI
Data Release 3 (DR3; Croom et al. 2021) contains observa-
tions of 3068 galaxies and is the final data release of the SAMI
survey. SAMI DR3 includes observations spanning 0.04 < z <
0.128 and 7.42 < log M.[Mg] < 11.89 (corresponding to an
r-band magnitude range of 18.4 < m, < 12.1), with envi-
ronments ranging from underdense field regions to extremely
overdense clusters.
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Figure 1. The SAMI galaxies used in this work in the SFR-stellar
mass plane. Histograms in mass and SFR. for each population are
shown to the top and right side of the plot, respectively. Purple
points are 472 galaxies with Z4.s and Z, information, satisfy the
S/N cuts discussed in the text and are the sample used in the
following analysis. Orange points have only Zg.s, green points have
only Z,, and grey points have neither indicator. The curved and
linear star-forming main sequence lines of Fraser-McKelvie et al.
(2021) are shown in black for reference.
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We employed the MILES SSP model templates (Vazdekis
et al. 2010) with ages 0.08, 0.10, 0.13, 0.16, 0.20, 0.25, 0.32,
0.40, 0.50, 0.63, 0.79, 1.0, 1.26, 1.58, 2.0, 2.51, 3.16, 3.98,
5.01, 6.31, 7.94, 10.0, 12.59, 15.85 Gyr , metallicities -1.71,
-1.31, -0.71, -0.4, 0.0, 0.22 , and ‘baseFe’ (Milky Way value)
« enhancement.

Previous work has shown that full spectrum fitting of-
ten struggles to fit an excess of blue light within a galaxy
(e.g. Cid Fernandes & Gonzdlez Delgado 2010) normally at-
tributed to horizontal branch stars in the planetary nebula
phase (e.g. Yi2008). As noted in Peterken et al. (2020), this
light is not accounted for in old SSP template spectra, and
so full spectral fitting software often attributes it to young,
metal-poor populations. For our stellar population age and
metallicity estimates, we therefore follow the method of Pe-
terken et al. (2020) and whilst we use the entire template
range in our fits, we remove the contribution of the youngest
SSP templates (in our case 0.08 Gyr) weights when calculat-
ing average ages and metallicities. Peterken et al. (2020) show
that older stellar populations are unaffected by the method
by which the younger populations are modelled, and so are
robust.
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Figure 2. Stellar mass-stellar metallicity relation (M, — Z. rela-
tion) derived via light-weighted stellar population analysis using
the full spectral fitting code PPXF. The mass-metallicity relation
is apparent, with the median of the relation shown as a dashed red
line and the shaded region is the 1o scatter. The average scatter
in the M, — Z, relation is 0.15 dex. For comparison, the median
M, — Z, relation for the same SAMI galaxies using the Lick index-
derived stellar metallicities presented in Scott et al. (2018) is shown
in gold.
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The R-calibration of Pilyugin & Grebel (2016) was em-
ployed to determine oxygen abundances, as replicated below:

(();’H);{!U = 8.589 + 0.022 log(Rs/R2) + 0.399 log N,
+ (—0.137 + 0.164log(R3 /R2) + 0.589 log N2) (1)
x log Ra,

when log N2 = —0.6

(O/H)g 1, = 7.932 + 0.944 log(Rs3/R2) 4 0.695 log N>
+ (0.970 — 0.291log(R3/Rz2) — 0.019log N2)  (2)
x log Ra,

when log N2 < —0.6, and where:
Ry = Tjomaarar+asrae /Tug,

R3 = Tjom 959+ xs007/ TH 3,
Ng = Iint1)aesas+a6584/ THg,
and (O/H)g y and (O/H)g i refer to the upper and lower
tracks of the relation respectively, and (O/H)g = 12 +
log(O/H)g.

We define Zyoe = 12 4 log(O/H)r — 8.76, or Zgus =
log(O/H) + 3.24, where the solar value oxygen abundance
of 8.76 (Nieva & Przybilla 2012) has been subtracted. The

0.2
10
0.0
_0.2 -
v —
g 3
N —p.4 <
=061 g i
== Median (this work)
R Median PP04 r
1o

8.5 9.0 9.5 10.0 10.5 11.0 115

log M. [Mg]

Figure 3. The M, — Zjus relation for SAMI galaxies in this
work derived using the empirical calibration of Pilyugin & Grebel
(2016). Hexbins are coloured by the number of galaxies in each
bin. The red dashed line denotes the median of this relation, and
the red shaded region the lo scatter, the average of which is 0.08
dex. For comparison, the median derived from the empirical O3N2-
based calibration of Pettini & Pagel (2004) is shown in gold. The
Aattening of the M, —Zg.s relation at high Z,,5 as seen in previous
works is apparent.
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Figure 4. Comparison of Z44s using the Pilyugin & Grebel (2016)
calibration to the PPXF-derived light-weighted Z, for SAMI galax-
ies. Hexbins are coloured by the number of galaxies in each bin.
The red dashed line denotes the running median and the shaded
region is the lo scatter. For all but the most stellar metal-rich
galaxies, Z, is always lower than Zg,.
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The correlation between AZ, . and four galaxy properties that correlate with Zg.s and Z, individually. For ea
arrelation coefficient (r). p-value. and the vertical seatter in the correlation (o) are shown., The red dashed lins
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Figure 7. Splitting the full spectral fit results into young (< 1
Gyr) and old (> 7 Gyr) stellar populations. The stellar metallicity
Z. of the < 1 Gyr vs. > 7 Gyr stars within the same galaxy are
plotted. Points are coloured by their metallicity ratio AZ, ., with
the large star-shaped markers representing median values in three
bins of AZ, ;. Only galaxies with = 10% of light in both young
and old templates are plotted. The majority of < 1 Gyr stars are
metal rich, but the metallicity of the > 7 Gyr stars is correlated
with the metallicity ratio.
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Figure 8. The variation of the metallicity ratio AZ, , as a func-
tion of stellar metallicity indicator Z,. Points are coloured by the
s8FR. of the galaxy. The medians of two bins in sSFR are shown
and diverge at low Z,. For a given Z*, AZ, . depends on the sSFR
of the galaxy.
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Figure 9. Comparison of the stellar and total gas metallicity in-
dicators for SAMI galaxies. Hexbins are coloured by the number
of galaxies in each bin. The red dashed line denotes the running
median. The gold line denotes the median for Z4.s from Figure 4.
While Zgas,t0t and Z, are more similar to one another than 24,4
and Z, (especially at low metallicities), the stars are still almost
always more metalpoor than the gas in the SAMI galaxies.
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Figure 11. A cartoon representation of possible chemical evoli-
tion and star formation histories for two galaxies. The red line rep-
resents a galaxy with AZ, . ~ 1 that enriched early with an early
burst of star formation, The blue line represents a galaxy where
AZ, << lat z=0and had a more sustained metal cnriclment
with low-level star formation., Panel [.'L} ahows two |]ln—&:~'iiﬂe! metal
enrichment pathways, and (b) the corresponding SFHs.
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