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ABSTRACT

Edge-on galaxies act as the best laboratories to understand the origin of thin and thick discs in galaxies. Measurement of spatially
resolved stellar population properties in such galaxies, particularly age, metallicity, and [o/Fe], are crucial to understanding
the formation and evolution of disc galaxies. Such measurements are made possible from stellar population model fits to deep
integral field spectroscopic (IFU) observations of resolved galaxies. We utilize archival MUSE IFU observations of the edge-on
galaxy ESO 544-27 to uncover the formation history of its thin and thick discs through its stellar populations. We find the thin
disc of the galaxy is dominated by an old (>9 Gyr) low [«/Fe] metal-rich stellar population. Its outer thick disc is dominated by
an old (>9 Gyr) high [«/Fe] metal-rich component that should have formed with higher star formation efficiency than the Milky
Way thick disc. We thus find [«/Fe] dichotomy in ESO 544-27 with its thin and thick discs dominated by low and high [«/Fe]
stellar populations, respectively. However, we also find a metal-rich younger (<2 Gyr old) stellar population in ESO 544-27.
The galaxy was nearly quenched until its star formation was reignited recently first in the outer and inner thick disc (~1 Gyr
ago) and then in the thin disc (~600 Myr ago). We thus find that both the low [«/Fe] thin and high [«/Fe] thick discs of ESO
544-27 are inhabited primarily by similarly old metal-rich stellar populations, a contrast to that of other galaxies with known
thin and thick disc stellar population properties.
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1 INTRODUCTION

Thick discs in galaxies have been defined as rotating components
with large-scale height and high-velocity dispersion having an
exponentially decaying surface brightness profile (see review by
van der Kruit & Freeman 2011, and references therein). The term
‘thick disc’ was introduced by Burstein (1979) to describe a newly
identified diffuse region of stars in edge-on SO galaxies. In the Milky
Way (MW) galaxy, the thick disc was discovered and described by
Gilmore & Reid (1983) with a relatively high scale height compared
to the thin disc, having old and metal-poor stars. Subsequent
observations of other edge-on galaxies revealed the ubiquity of
photometrically distinct thin and thick discs (Dalcanton & Bernstein
2002; Comerdn, Salo & Knapen 2018).

The formation and evolution of thick discs in galaxies have been
the subject of many studies (van der Kruit & Freeman 2011) but the
stellar population of these discs have been studied in most detail in
the MW, with the stars in the thick disc being mostly older than those
in the thin disc (see review by Bland-Hawthorn & Gerhard 2016,
and references therein). From chemical abundances determined from
individual stars, the differences between the stellar populations in the
two discs have been identified. The thick disc is mostly dominated
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by older high [«/Fe] (more enriched in « elements) and metal-poor
stars while the thin disc is dominated by younger low [«/Fe] (less
enriched in o elements) and metal-rich stars (e.g. Fuhrmann 1998).
Properties of the thin and thick disc stars in the [«/Fe] versus [Fe/H]
plane depends on the position of the examined stars in the galaxy
(Hayden et al. 2015; Guiglion et al. 2023). Such dependence is also
seen in chemodynamical simulations (Kobayashi 2016; Vincenzo &
Kobayashi 2020). The stars in the MW thick disc are thought to
have formed relatively rapidly at early times thereby forming a more
high [«/Fe] and metal-poor old population (>10 Gyr) while those in
the MW thin disc are thought to have formed over a more extended
period of star formation (since ~10 Gyr ago) that continues to the
present-day (Bland-Hawthorn & Gerhard 2016). External gas-infall
can also leave imprints on to the [«/Fe] versus [Fe/H] plane, as has
been claimed for the MW (Spitoni et al. 2019).

In the Andromeda galaxy (M 31), the nearest giant spiral galaxy
to the MW (776.27%2 kpc; Savino et al. 2022) and the most massive
member of our Local Group at ~1.5 x 10'2> M, (see Bhattacharya
2023, and references therein), the kinematically and chemically
distinct thin and thick discs of M 31 were identified (Bhattacharya
et al. 2019b, 2022) from the survey of planetary nebulae in M 31
(Bhattacharyaet al. 2019a, 2021). Chemical abundances of M 31 disc
planetary nebulae, in conjunction with galactic chemical evolution
models (Arnaboldi et al. 2022; Kobayashi et al. 2023), indicate that

© 2024 The Author(s).

Published by Oxford University Press on behalf of Royal Astronomical Society. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium,

provided the original work is properly cited.

20z AINF || U0 Josn auyspiojuaH Jo Aisiomun AQ 1926892/98E/v/LES/BIIME/SEIUW/WOO"dNO"0jWapede//:Sdny Wwoly papeojumoq


http://orcid.org/0009-0000-7109-767X
http://orcid.org/0000-0003-4594-6943
http://orcid.org/0009-0008-2970-9845
http://orcid.org/0000-0002-4343-0487
mailto:souradeep@iucaa.in
mailto:somawanshi20@iiserb.ac.in
https://creativecommons.org/licenses/by/4.0/

Edge-on galaxies with MUSE — 1. ESO 544-27

the older, high [«/Fe] thick-disc population of M 31 formed through
a more intense initial starburst than in the MW. In contrast, the M 31
thin disc resulted from a burst 2.5-4.5 billion years ago, involving
relatively metal-poor gas mixed with pre-enriched gas within the M
31 disc. This is consistent with a wet major-merger (mass ratio ~
1:4) scenario in M 31 (Hammer et al. 2018; Bhattacharya et al. 2023).

While the origin of the MW and M 31 thick and thin discs
have some constraints from stellar population properties from the
aforementioned studies, similar studies in other galaxies have been
limited. Using long-slit spectroscopic observations, Yoachim &
Dalcanton (2008) measured Lick index equivalent widths (Burstein
et al. 1984; Faber et al. 1985) to derive luminosity weighted stellar
ages and metallicities for thin and thick discs of nine edge-on disc
galaxies. They found that all their galaxies had old (4-10 Gyr old)
thick discs and relatively younger thin discs. However, they could
not determine substantial metallicity differences between the thin
and thick discs for the galaxies in their sample.

Using stellar population model fits to long-slit spectra of three
edge-on SO galaxies (taken at the mid-plane for thin disc and at large-
scale height for thick disc), Kasparova et al. (2016) found diversity
in disc stellar populations properties. NGC 4111 (distance~15 Mpc)
showed an intermediate age (~5 Gyr), metal-rich ([Fe/H] ~ —0.2),
low [a/Fe] thick disc and similar aged but slightly more metal-poor
([Fe/H] ~ —0.4) low [«/Fe] thin disc. NGC 4710 (distance ~16.5
Mpc) also showed an intermediate age (~5 Gyr), metal-rich ([Fe/H]
~ —0.2) low [a/Fe] thick disc though the thin disc was younger
(~2.5 Gyr) but slightly more metal-rich ([Fe/H] ~ 0.0) but also low
[a/Fe]. NGC 5422 (distance ~30.9 Mpc) showed old (~10 Gyr),
metal-rich ([Fe/H] ~ —0.2) but slightly higher [«/Fe] thick and thin
discs. It is unclear if the off-plane measurements truly correspond to
the thick discs in these galaxies.

Using stellar population model fits to integrated-field spectroscopy
observations of the edge-on galaxy ESO 533-4 taken with the Visible
Multi-Object Spectrograph (VIMOS; Le Fevre et al. 2003) at the
Very Large Telescope (VLT), Comerén et al. (2015) identified an old
(~10 Gyr old) metal-poor stellar population in the thick disc, and
a relatively younger, more metal-rich stellar population in the thin
disc. With similar stellar population model fits to integrated-field
spectroscopy observations of the edge-on SO galaxy ESO 243-49
taken with the Multi-Unit Spectroscopic Explorer (MUSE; Bacon
etal. 2010) at the VLT, Comerén et al. (2016) found an old population
in both the thin and thick discs, though the former was relatively more
metal-rich.

From more MUSE observations of three edge-on SO galaxies (FCC
170, FCC 153, and FCC 177) in the Fornax cluster, Pinna et al.
(2019a, b) found that all three galaxies have [«/Fe]-rich, metal-
poor, and old thick discs. FCC 170 also has a significant fraction of
younger stars (~10 Gyr old) characterized by even lower metallicity
and higher [«/Fe] values, consistent with being accreted material
from disrupted satellites. The outer regions of the thick discs of FCC
170, FCC 153, and FCC 177 show metal-rich low [«/Fe] stars which
may be consistent with being material formed in the thin disc of these
galaxies that have been dynamically heated to higher scale heights.
FCC 170 has an old but metal-rich low [«/Fe] thin disc. FCC 153 and
FCC 177 have metal-rich low [«/Fe] thin discs that show bimodality
in age. In addition to the older thin disc (=8 Gyr), a population of
younger thin disc stars (~3 Gyr old) also exists, especially in FCC
177 where the younger component has higher mass fraction than the
older component.

Analysing UGC 10738, an edge-on MW-like disc galaxy at around
100 Mpc using the same method, Scott et al. (2021) found a stellar
population similar to the MW: a high [«/Fe], metal-poor, old thick
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disc, and a relatively low [«a/Fe], metal-rich, slightly younger thin
disc. From a similar study of the more nearby (~26.5 Mpc) similarly
massive edge-on galaxy NGC 5746, Martig et al. (2021) found
similar high [«/Fe], metal-poor old thick disc and low [«/Fe], metal-
rich, younger thin disc. They additionally found that NGC 5746 has
experienced a merger with a ~1:10 mass ratio with the disrupted
satellite debris contributing almost ~ 30 per cent of the mass of the
thick disc.

To further explore the diversity in disc stellar populations with
the goal of eventually uncovering the various thick disc formation
scenarios, we explore the MUSE observations of star-forming edge-
on galaxies presented by Comerdn et al. (2019). These galaxies were
chosen for spectroscopic follow-up from a sample of 70 edge-on
galaxies originally part of the Spitzer Survey of Stellar Structure in
Galaxies (S4G survey; Comer6n et al. 2012). Kinematic properties of
the thin and thick discs of a sample of eight galaxies were studied in
Comero6n et al. (2019), six of which had distinct thin and thick discs
based on photometric decomposition from Comerén et al. (2018).

In this paper, we carry out a pilot stellar population analysis of
ESO 544-27, which is one of the galaxies with photometrically
distinct thin and thick discs presented in Comerdn et al. (2019). This
study will later be expanded to the other seven edge-on galaxies. We
describe the basic properties of ESO 544-27 as well as the MUSE
data in Section 2. The stellar population analysis method is described
in Section 3. We derive the galaxy stellar population properties in
Section 4. We discuss the origin of the thin and thick disc of ESO
544-27 in Section 5. We conclude in Section 6.

2 ESO 544-27 AND ITS IFU SPECTROSCOPY

ESO 544-27 (PGC 8480) is an Sb-type galaxy (Sorce et al. 2014) at
a distance of ~45.9 Mpc (Tully, Courtois & Sorce 2016). The stellar
mass of the galaxy is 1.1 x 10'® Mg (Comerén et al. 2018), making it
less massive than the MW (5.4 x 10'° My ; McMillan 2017). It is an
emission-line galaxy with a significant population of hot low-mass
evolved stars in the halo (Rautio et al. 2022). The star formation
rate (SFR) of the galaxy calculated using H & luminosity is around
0.13 M, yr~', while its specific-SFR (sSFR) is 1077 yr~!, making
it a green-valley galaxy (Rautio et al. 2022). ESO 544-27 also has
significant dust extinction in the central region, and a prominent dust
lane in the galaxy’s mid-plane can be seen in Fig. 1.

Comerdn et al. (2018) found that thin and thick discs can fit the
vertical structure of ESO 544-27 using 3.6 um images from the S4G
survey. They found the thin disc has a scale height of ~0.7 arcsec
(0.16 kpc), while the thick disk has a scale height of ~3 arcsec
(0.67 kpc). They estimated that the mass of the thin and thick discs
are 7.6 x 10° Mg and 3.6 x 10° M, respectively. There is no clear
signature of a bulge in the galaxy’s central region.

MUSE has a spatial sampling of 0.2 arcsec with a 1 arcmin x
1 arcsec field of view and wavelength range from 4750 to 9351 A
(Bacon et al. 2010). It has a spectral resolution 2.5 A. ESO 544-27
had four 2624 s dithered exposures and the combined reduced data
cube was made available through the ESO Phase 3 data release.’
The details of the observations and their reduction are mentioned in
Comerdn et al. (2019). The MUSE field-of-view of ESO 544-27 has
two contaminating galaxies (marked in red in Fig. 1) as well as some
foreground stars/globular clusters. We used the ESO 544-27 MUSE
white light images to create a mask to remove the contaminants.

Thttps://doi.eso.org/10.18727/archive/8
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Figure 1. Colour image of ESO 544-27 constructed from g, 1, z-band images
from the Dark Energy Camera Legacy Survey (DECalLS DR9; Dey et al.
2019). The MUSE field-of-view is marked in white dashed lines. The two
interloping galaxies that were removed from the analysed MUSE data cube
are marked in red dashed lines.

3 STELLAR POPULATION ANALYSIS

From the masked MUSE cube for ESO 544-27, we carried out
voronoi-binning (Cappellari & Copin 2003) of the spectral cube
to obtain spatially binned-spectra of adequate signal to noise (S/N)
to allow for stellar population model fitting. This was accomplished
using the GIST (Galaxy IFU Spectroscopy Tool) Pipeline (Bittner
et al. 2019). We adopted a minimum S/N of 60 per spatial bin in the
spectral range of 4800-5500 A. For the S/N ratio per spaxel, we kept
3 as a minimum, as used in Bittner et al. (2019). This resulted in a
total of 304 spatial bins for the galaxy.

For the spectra of each spatial bin in ESO 544-27, we extract stellar
population properties by full spectrum fitting using PPXF (Penalized
Pixel-Fitting method) described in Cappellari & Emsellem (2004),
and upgraded in Cappellari (2017). Stellar kinematics and stellar pop-
ulation model fitting are carried out simultaneously from the observed

spectra. This method employs Gauss—Hermite series expansions of
the line-of-sight velocity distribution to fit the observed spectra to
templates from a stellar spectral model library. We utilized the semi-
empirical (SMILES) single stellar population (SSP) models spectra.
These are available at the MILES (Vazdekis et al. 2015) sampling,
resolution (full width at half-maximum), and wavelength range levels
of 0.9, 2.5, and 3540.5-7409.6 A, respectively. This library contains
five values for [a/Fe] abundances ranging from —0.2 to 4-0.6 in 0.2
steps, 10 values of metallicity [M/H] = [—1.97, 40.26] dex and 53
values of total age from 0.03 and 14.0 Gyr. The SSP models number
2650 in total. Compared to the MILES SSP models (having [«/Fe]
= 0.0 and 0.4) which were used in similar earlier works (Pinna
et al. 2019a, b; Martig et al. 2021; Scott et al. 2021; Sattler et al.
2023), the sSMILES most notably allows higher resolution in [«/Fe]
abundances. We have used unimodal Salpeter Initial Mass Function
(IMF; Salpeter 1955) with a logarithmic slope of 1.3. We found that
assuming a Kroupa IMF (Kroupa 2001) makes little difference to the
determined mass fractions.

As ESO 544-27 is an emission line galaxy with some residual
star formation (Rautio et al. 2022), it is necessary to mask emission
lines that affect the stellar population model fitting with PPXF. We
masked H 8, Ha, [S1JA6717,6731, [O 11]A4959,5007, [O1]A6300,
and [N 11]16548,6583. The stellar population of the spectra was then
fitted (in the spectral range of 48007371 A, where MUSE observa-
tions and sSMILES SSP models overlap) by fixing the multiplicative
polynomial to 8th order as was deemed appropriate to account for the
mid-plane dust lane in ESO 544-27, similar to FCC 170 (Pinna et al.
2019a). The use of additive polynomials in stellar populations was
avoided to prevent changes in the absorption lines, which could have
affected the values of [«/Fe] and metallicity (Guérou et al. 2016).

The spectra of each bin is first dust-corrected. The stellar
extinction (A,) is obtained from fitting each spectra without
regularization using PPXF. Each spectra is then dust-corrected
with the A, value thus obtained assuming the Calzetti, Kinney
& Storchi-Bergmann (1994) dust attenuation law. The spatial
distribution of A, values is shown in Fig. 2.

To obtain the best-fit for the dust-corrected spectra of each bin, we
regularized the stellar population weights assigned to the SSP models
(Cappellari 2017). We choose a fixed regularization parameter value
of 0.07 (similar to 0.05 for Pinna et al. 2019a). This was chosen by
finding a balance between smoothing the solutions to remove noise
and not losing star formation history information. The procedure
followed was similar to that carried out by Pinna et al. (2019a) and
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Figure 2. Spatial distribution of extinction (A4, ) for each spatial bin in ESO 544-27.
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Figure 3. Spatial distribution of mass-weighted mean age (top), [M/H] (middle), and [«/Fe] (bottom) for each spatial bin in ESO 544-27.

Scott et al. (2021). The best-fitting model spectra for a spatial bin
is further discussed in Appendix Al. We thus obtained the mass
weights for each SSP model using PPXF for all 304 spatial bins of
ESO 544-27. We removed four bins due to poor fits or contamination
from foreground stars. We also applied bootstrapping to the PPXF full
spectral fitting of each bin to obtain uncertainty on the mass weights
following Cappellari (2023), described in Appendix A2.

We note that the stellar populations properties derived by PPXF
for a given spectra may still have some biases from the true stellar
population properties. Woo et al. (2024) found that for spectra with
S/N ~ 20, stellar age may be overestimated by PPXF (while utilizing
the E-MILES spectral library; Vazdekis et al. 2016) by ~0.5 Gyr for
ages lower than ~3 Gyr though older ages have negligible bias. They
also found that [M/H] may be overestimated by ~0.07 dex at solar
metallicities, with higher bias of upto ~0.25 dex for lower [M/H]

values. E-MILES did not have [«/Fe] as a free parameter. Given our
significantly higher S/N of 60 per spatially binned spectra and use of
the sSMILES library, we expect lower biases in the determined stellar
population properties. But until a similar analysis to Woo et al. (2024)
is carried out for the SMILES library at higher S/N, we can expect
a maximum bias in our determined ages of ~0.5 Gyr for younger
ages, and of ~0.25 dex for low [M/H] values.

4 RESULTS

4.1 Mass-weighted mean stellar population properties

The mass weights were used to obtain the mean age, [M/H], and
[a/Fe] for each spectral bin in ESO 544-27. Their spatial distribution
is plotted in Fig. 3. ESO 544-27 has an almost uniformly old
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Figure 4. The spatial bins of ESO 544-27 classified into different regions.

stellar population with an age ~10 Gyr for most spatial bins.
Different structures in the galaxy can be seen in the age spatial
distribution (Fig. 3 top), although the age difference is small. The
metallicity spatial distribution (Fig. 3 middle) also shows small
differences in the average between the different structures in the
galaxy. It shows that the spatial bins close to the galactic mid-
plane are relatively metal-rich (mean [M/H] > —0.4), though
some bins have lower metallicities. However, the spatial bins away
from the mid-plane appear to have even lower metallicities (mean
[M/H] < —0.45).

However, a clear transition in the galaxy structures can be observed
in the [a/Fe] spatial distribution (Fig. 3 bottom). The galaxy mid-
plane region spatial bins have [a/Fe] ~ —0.05-0.05, while those
at larger scale heights have mean [«/Fe] ~ 0.05-0.125, increasing
to mean [a/Fe] ~ 0.1-0.2 furthest from the mid-plane. No clear
bulge structure is seen at the galaxy’s central regions in either of the
panels of Fig. 3. The low [«/Fe] mid-plane is consistent with the low
velocity-dispersion thin disc identified in ESO 544-27 by Comerén
et al. (2019) while the higher scale height high [«/Fe] regions likely
correspond to their identified higher velocity-dispersion thick disc.

The mean age, [M/H], and [«/Fe] spatial distributions do not
provide a complete understanding of the galaxy’s stellar pop-
ulation properties. However, they provide sufficient insight into
the galactic structure to explore further diagnostics for the thin
and thick discs of ESO 544-27. Fig. 3 (bottom) provides a
clear guideline to distinguish between the different disc struc-
tures in ESO 544-27 from the mean [«a/Fe] values of its spatial
bins.

The thin disc-dominated region, having mean [«/Fe] < 0.025, lies
in the range of —24 arcsec < X < 24 arcsec and —1.5 arcsec < Y
< 1.5 arcsec. The spatial bins in this region are marked as thin disc
in Fig. 4. While the remaining spectral bins may be classified into
the thick disc, we account for the possibility that a transition zone
may be present between the thin and thick discs, which may not be
consistent with a clear boundary solely based on mean [«/Fe]. We
have divided spectral bins above and below the mid-plane with mean
[a/Fe] >-0.1 value into the outer thick disc. The remaining spectral
bins have been marked as inner thick disc (at lower scale heights), as
shown in Fig. 4. The thin disc region contains 90 spatial bins, while
the inner and outer thick disc regions contain 154 and 56 spatial bins,
respectively.

MNRAS 531, 4336-4348 (2024)

4.2 Stellar population properties in the galaxy disc regions
binned in age

Fig. 5 plots stellar age against the mass-weighted average of [a/Fe]
abundances for each age bin (the 53 age-bins resolved by the sMILES
library; see Section 3; note the age-bins are wider for older ages
than for younger ones), separately for the stellar populations in the
thin, inner thick, and outer thick disc of ESO 544-27. The figure is
colour-coded by the mass-weighted mean [M/H] for each age bin.
The range of [M/H] is —1.79-0.26. The diameter of each data point
in the figure is proportional to the average mass fraction of all the
spatial bins in that age bin. The average mass fraction summed over
the age bins in each region is unity.

For the thin disc of ESO 544-27 (Fig. 5 top), the stellar population
aged 12-14 Gyr old has low [«a/Fe] with [M/H] ~ —0.36. The stellar
population in this age range has the highest average mass fraction
relative to all younger populations in the thin disc. Between the ages
of 8 and 12 Gyr, the thin disc stellar population also has low [«/Fe]
but is relatively metal-poor with [M/H] ~ —0.66. The average mass
fraction is lower for stars born in this age range and shows a clear
decreasing trend for younger ages. There is no significant average
mass fraction of thin disc stars born in the age range of 2-8 Gyr.
For the age-range of 0.3—1.25 Gyr, a metal-rich ((M/H] > 0) higher
[a/Fe] population is present in the thin disc.

For the inner thick disc of ESO 544-27 (Fig. 5 middle), the stellar
population aged 12—14 Gyr old shows a mildly increasing trend in
[a/Fe] and [M/H] with decreasing age, peaking in both [«/Fe] and
[M/H] for the 12 Gyr old stellar population. Like the thin disc, the
highest average mass fraction of the inner thick disc was formed
in this age range. Between the ages of 8 and 12 Gyr, the stellar
population is higher [«/Fe] than the thin disc population of the same
age, similarly for metallicity with [M/H] ~ —0.37. The average mass
fraction is lower in this age range for the inner thick disc as was the
case for the thin disc, again showing a clear trend of decreasing
average mass fraction for younger ages. There is more average mass
fraction in the inner thick disc than the thin disc for the age range of
2-8 Gyr, but still the average mass fraction is very small but relatively
metal-rich ((M/H] > 0). For the age-range of 0.5-1.75 Gyr, a metal-
rich ([M/H] > 0) high [«/Fe] population similar to that in the thin
disc is also present in the inner thick disc.

For the outer thick disc of ESO 544-27 (Fig. 5 bottom), the stellar
population aged 11-14 Gyr old shows a strongly increasing trend
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Figure 5. The mass-weighted average of [«/Fe] in different age bins is
plotted against the stellar age of each bin, separately for the stellar populations
in the thin (top), inner thick (middle), and outer thick (bottom) disc of ESO
544-27. Each data point is coloured by the mass-weighted mean [M/H] for
each age bin and its diameter is proportional to the average mass fraction of
all the spatial bins in that age bin.

in [a/Fe] and [M/H] with decreasing age, peaking in both [«/Fe]
and [M/H] for the 11 Gyr old stellar population. The 14 Gyr old
population, in particular, is much more metal-poor ([M/H] ~ —0.9)
than the similarly aged population in the thin and inner thick disc
regions. Again, most of the average mass fraction in the inner thick
disc formed 11-14 Gyr ago. The stellar population then has a nearly
constant [«/Fe] ~0.24 till the age decreases to ~8 Gyr, whereupon
[a/Fe] start increasing and [M/H] remains nearly constant but with
reducing average mass fraction. The average mass fraction formed
2-3 Gyr ago is negligible. For the age range of 0.7-2 Gyr, a metal-
rich ([M/H] > 0) high [«/Fe] population similar to that in the thin
and inner thick disc is also present in the outer thick disc, but with
higher average mass fraction.

Each panel of Fig. 6 depicts average mass fraction as a function
of age in each age bin, coloured by its mass-weighted mean [M/H],
but now the thin, inner thick, and outer thick disc stellar populations
are divided into low [«a/Fe] and high [«/Fe] samples with [a/Fe] =
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—0.2-0.2 and 0.4-0.6, respectively. For the thin, inner thick, and
outer thick disc, ~88 per cent, ~79 per cent and ~68 per cent of the
mass respectively is low [«/Fe], while the rest is high [a/Fe].

Thus the high-[«a/Fe] average mass fraction increases as we move
away from the galaxy’s mid-plane. The high [«/Fe] mass is almost
exclusively older than 12 Gyr in the thin disc, while it’s only almost
exclusively older than 8 Gyr in the inner thick disc. The high [«/Fe]
population persists at almost all ages in the outer thick disc though the
average mass fraction increases to 8 Gyr and then starts decreasing.
The high [«/Fe] population is predominantly metal-rich ([M/H] >
0), with the exception of the oldest stellar population in the outer
thick disc, which exhibits [M/H] around ~—0.3.

The low [«/Fe] stellar population is as described for Fig. 5, the
highest average mass fraction in each regions formed 12-14 Gyr ago.
There is a clear decrease in metallicity for this age range as we move
away from the mid-plane with the thin disc being most metal-rich
with [M/H] ~ —0.41, the inner thick disc having [M/H] ~ —0.46,
and outer thick disc having [M/H] ~ —0.8. The average mass fraction
in the age range of 2—-8 Gyr old increases as we move away from the
mid-plane, though it remains very low everywhere.

The younger stellar population of 0.5-2 Gyr old age is persistently
metal-rich at all regions, though it forms a relatively higher average
mass fraction in the outer thick disc. This population seems split
between low and high [«/Fe].

4.3 [a/Fe] versus [M/H] in the galaxy disc regions

Fig. 7 depicts average mass fraction over all spatial bins of the thin,
inner thick, and outer thick disc regions in the [«/Fe] versus [M/H]
plane for stellar populations of all ages. For each region, sum of the
average mass fraction depicted in this plane will be unity. In all three
regions, we find a stellar population having [a/Fe] < 0 and [M/H]
= —1.49 — —0.96. All three regions also have substantial metal-rich
stellar populations ([M/H] > 0.15), but each region differs in the
[a/Fe] where most of this metal-rich mass is present.

For the thin disc, the metal-rich population is mostly low [c«/Fe]
with [a/Fe] < 0.2 while for the outer thick disc, the metal-rich
population is mostly high [«a/Fe] with [a/Fe] > 0.4. The inner thick
disc has the metal-rich population spanning a wider [o/Fe] range with
[a/Fe] = 0-0.6. There is thus a transition from low to high [«/Fe]
for the metal-rich population as we move away from the mid-plane
of the galaxy from the thin disc to the outer thick disc.

4.4 The spatial distribution of the old stellar population

ESO 544-27 has a mostly old stellar population that has a metal-
poor low [«/Fe] component as well as a metal-rich component with
varying [o/Fe]. Fig. 8 shows the spatial distribution of the old (=8 Gyr
old) stellar populations in ESO 544-27.

In Fig. 8 (top), we see the spatial distribution of the metal-poor
low [a/Fe] stellar population. The low [w/Fe] metal-poor stellar
population is present throughout the galaxy. However, since it is
the only low [w/Fe] stellar population present in the outer thick
disc (see Section 4.3), it makes the overall outer thick disc appear
relatively metal-poor and contributes to the overall transition of the
low [a/Fe] stellar population from metal-rich to metal-poor as we
move away from the mid-plane (Fig. 6). We note here that such a
low [a/Fe] metal-poor stellar population is not expected for older
stellar populations which is expected to instead have a high [«/Fe]
metal-poor component (e.g. Vincenzo, Kobayashi & Taylor 2018).

We ascertain that the detection of this population arises from the
limited ability of PPXF for stellar population model fitting in the

MNRAS 531, 4336-4348 (2024)

20z AINF || U0 Josn auyspiojuaH Jo Aisiomun AQ 1926892/98E/v/LES/BIIME/SEIUW/WOO"dNO"0jWapede//:Sdny Wwoly papeojumoq



4342  D. Somawanshi et al.

0.30 T T T T T T T 0.260
X . 0.032
025  Low [a/Fe] Thin Disc
c —0.196
S
°
S 020} 1 -0.423
fie
w -0.651 —
3015 I
= -0.879 =
[
o
© 0.10f g -1.107
$
< -1.334
0.05+
-1.562
0-005 2 4 6 8 10 12 14 —17%0
Age [Gyr]
T 0.260
0.20F 0.032
c . . -0.196
o Low [a/Fe] Inner Thick Disc
=
8 015 i ~0.423
fie
ﬁ -0.651 i
= _ =
=010t 0.879
o
® -1.107
$
< 0.05f 4 -1.334
-1.562
0-005 2 4 6 8 10 12 14 -1.790
Age [Gyr]
0.18 T T T T T 0.260
0.16 0.032
g 014f Low [a/Fe] Outer Thick Disc 1 -0.196
g
© 0.12p q -0.423
fie
a 0.10 q -0.651 T
2 =
= 0.08 -0879=
[
o
© 0.06 1 -1.107
g
< 0.04} q -1.334
0.02 q -1.562
bl . . -
0-005 2 4 6 8 10 12 14 1790
Age [Gyr]

0.30 T T T T T T T 0.260
. . ) 0.032
0.25 High [a/Fe] Thin disc
-0.196
0.20 -0.423

—0.651
0.15

[M/H]

-0.879

0.10 -1.107

Average Mass Fraction

-1.334
0.05
-1.562

0.000 =1.790

2 4 6 8 10 12 14
Age [Gyr]
0.260
0.20 0.032
c . ) . -0.196
o High [a/Fe] Inner Thick Disc
=
® 0.15 —0.423
e
ﬁ -0.651 z
= _ =
> 010 0.879
o
© -1.107
g
< 0.05 -1.334
-1.562
ey “ _
0.00 2 4 6 8 10 12 14 1790
Age [Gyr]
0.18 T T T T T 0.260
0.16 0.032
5014 High [a/Fe] Outer Thick disc -0.196
2
© 0.12 -0.423
e
4 0.10 -0.651 T
= s
= 0.08 -0.879 =
[
o
© 0.06 -1.107
g
< 0.04 -1.334
0.02 -1.562
e _
0.005 2 4 6 8 10 12 14 1790
Age [Gyr]

Figure 6. Average mass fraction is plotted as a function of age in each age bin, coloured by its mass-weighted mean [M/H], with the thin (top), inner thick
(middle), and outer thick (bottom) disc stellar populations are divided into low [«/Fe] (left) (—0.2-0.2) and high [«/Fe] (right) (0.4-0.6) samples.

presence of dust attenuation. This population is present with the
highest mass fraction in the mid-plane region of ESO 544-27 (see Fig.
8 top) also featuring a prominent dust lane (Fig. 1). This population
was also observed by Scott et al. (2021) at low-scale heights in
UGC 10738 (see their fig. 5). In Appendix A3, we correct for dust
attenuation from the Balmer decrement in the spectra of a single
spatial bin before employing full spectral fitting with PPXF. While
this does reduce the mass fraction attributed to this old low [a/Fe]
metal-poor stellar population, the mass fraction change is within
error and the mean age, metallicity, and [«a/Fe] values of the other
stellar populations remain nearly unaffected. We further discuss the
effect of dust attenuation in Appendix A3. In Appendix A1, we find
that restricting our fit for the spectra of a single bin to only high
[a/Fe] stellar populations, still provides for an acceptable fit. We
thus exclude this old low [e/Fe] metal-poor stellar population from
the analysis.

In Fig. 8 (middle), we see the spatial distribution of the metal-
rich low [a/Fe] stellar population ([e/Fe] < 0.2). This population
is present almost entirely in the mid-plane of the galaxy. In Fig. 8
(bottom), we see the spatial distribution of the metal-rich high [«/Fe]
stellar population ([a/Fe] > 0.4). As was expected from Fig. 7, this
population is noticeably absent in the galaxy mid-plane and starts
appearing at larger scale heights, mostly present in the outer thick
disc region.
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4.5 The spatial distribution of the younger stellar population

ESO 544-27 has a relatively young metal-rich stellar population
present, as was evident in Figs 5 and 6. Its spatial distribution is
plotted in Fig. 9. The age of this population ranges from 0.2 Gyr to
2 Gyr while the range of metallicity is 0.15 dex < [M/H] < 0.26 dex.
This population spans the entire range of [«/Fe]. White it forms only
~1.2 per cent of the total stellar population of the galaxy by mass,
it is present in the outer thick disc spatial bins with its highest mass
fraction of ~0.1 and with lower mass fractions in the inner thick and
thin discs.

4.6 Mean properties of the different stellar populations

In Fig. 10, we show for the three different regions, the mean
age (left), [a/Fe] (centre), and [M/H] (right) for the old, metal-
rich, and low [«/Fe] stellar population, the old, metal-rich, and
high [«a/Fe] stellar population, and the younger metal-rich stellar
population. The errors associated with the mean properties for each
population were determined through bootstrapping the full spectral
fitting method with PPXF. The bootstrapping method is discussed in
Appendix A2.

The mean age of the younger metal-rich population is lower in the
thin disc. Any bias in the determined age from PPXF, up to ~0.5 Gyr,
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Figure 7. The [«/Fe] versus [M/H] plane for stellar populations of all ages
in the thin (top), inner thick (middle), and outer thick (bottom) disc regions of
ESO 544-27. The plane is binned as per the [a/Fe] and [M/H] grid described
in Section 3 with each grid region coloured by the determined average mass
fraction.

is expected to affect all younger ages equally while no effect is
expected for the older ages (Woo et al. 2024). A rising trend is seen
for the [a/Fe] of this population as we move from outer thick disc
to thin disc, while a decreasing trend is seen for the [«/Fe] of the
old, metal-rich, and high [«/Fe] stellar population. All populations
have mean supersolar metallicities. We note however that PPXF may
overestimate the [M/H] value at low metallicities by up to ~0.25 dex
(Woo et al. 2024). See also Section 3 for discussion on the expected
biases.
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5 DISCUSSION

5.1 The origin of the thin and thick disc stellar populations

From the diagnostic results presented in Section 4, we consequently
try to understand the origin of the stellar populations is ESO 544-27.
High [«/Fe] stellar population is expected to be formed in rapid star
formation events where enrichment from core-collapse supernovae
dominates while low [«/Fe] stellar populations correspond to more
extended star formation events where there has been sufficient time
for Type Ia supernovae enrichment to occur (e.g. Kobayashi, Karakas
& Lugaro 2020). Efficient star formation can increase metallicity,
even up to supersolar values (see bulge model in Kobayashi et al.
2020).

In ESO 544-27, the bulk of the stellar population is old with the
high [«/Fe] stellar population mainly present in the outer thick disc
(Fig. 8 bottom). The high [«a/Fe] stellar population likely formed
in situ reaching the most metal-rich stellar populations very quickly
close to the mid-plane and forming less metal-rich stellar populations
away from the mid-plane for the oldest ages (>13 Gyr; see Fig.
6). Younger (<12 Gyr old) high [«/Fe] stellar populations were all
metal-rich.

The low [«/Fe] metal-rich stellar population is present mainly in
the thin disc of the galaxy (Fig. 8 middle). This population likely
formed over an extended period though the interstellar medium
(ISM) had become metal-rich fairly quickly (Fig. 10). The galaxy
thin disc displays a low velocity dispersion (Comerén et al. 2019),
thus appearing unperturbed from major mergers. Thus this stellar
population likely formed in the galaxy thin disc and is observed
mostly in situ.

The youngest stellar population in ESO 544-27 is metal-rich,
present mainly in the outer thick disc (Fig. 9). This population is
younger with a higher [a/Fe] in the thin disc. If this population had
formed in the thin disc and had later been ejected outwards, we would
have expected similar ages everywhere. Additionally as ESO 544-27
had minimal star formation in all spatial regions between 2 and 8 Gyr
ago (Fig. 6), it was almost quenched and thus this stellar population
likely comes from an ex situ origin. Gas infall from external galaxies,
unaccompanied by stars, would have resulted in the gas settling and
forming stars only in the thin disc. Even if these would be later
ejected out, the same age would have been observed for young stars
in all three regions.

Through N-body simulations of mergers, Karademir et al. (2019)
found that in minor-mergers, satellite stars are deposited at higher
scale heights (see also Read et al. 2008). Depending on the orbit, an
infalling gas-rich dwarf galaxy experiences a burst of star formation
upon entering the outer thick disc of the galaxy (Zhu, Tonnesen &
Bryan 2023). Most stars of the dwarf would be stripped and deposited
at the outer thick disc, and while the older stars in the dwarf would
be more difficult to distinguish from the stars present in the outer
thick disc prior to the merger, the newly formed stars would stand
out in the star-formation history (Fig. 6).

As the satellite moves further into the galaxy at lower scale heights,
less material is deposited but it can be traced that the newly formed
stars deposited in the inner thick and thin disc are all progressively
younger on average than those deposited in the outer thick disc (Fig.
10). The younger stellar population is seemingly consistent with
forming in a wet minor merger event.

However, such metal-rich ((M/H] > 0) stellar population is
not typically observed in dwarf galaxies (see the mass—metallicity
relation in Hidalgo 2017). Some metal-rich dwarf galaxies have been
observed, having relatively low gas fractions and nearing the end

MNRAS 531, 4336-4348 (2024)

20z AINF || U0 Josn auyspiojuaH Jo Aisiomun AQ 1926892/98E/v/LES/BIIME/SEIUW/WOO"dNO"0jWapede//:Sdny Wwoly papeojumoq



4344  D. Somawanshi et al.

10.0 0.50
7.5 Old, Metal-poor & low [a/Fe] 0.45
5.0 0.40
2. S
5 25 F 0359
2 ®
I e
g oo ’ ‘ w 0.30%
— w
> ©
-2.5 “ \ 025=
—5.0 0.20
Age = 8 Gyr
-7.5 -1.49 = [M/H] = -0.96
-0.2 = [o/Fe] = 0.0 o ’ 015
—10.07——55 =25 ~20 —Is ~1o 5 0 5 10 15 20 25
X [arcsec]
10.0 0.5
7.5 0Old, Metal-rich & low [a/Fe]
0.4
5.0
— 25 S
§ 0.3 g
= 0.0 =
5 0
- 3
-2.5 02
-5.0
Age = 8 Gyr 0.1
-7.5 0.06 = [M/H] = 0.26 ’
-0.2 = [a/Fe]l = 0.2
-10.0—— —25 -20 -15 -10 -5 0 5 10 15 20 25
X [arcsec]
10.0 0.5
7.5 0Old, Metal-rich & high [a/Fe]
0.4
5.0
5 25 038
3 3
2 0.0 &
S «
> 0.2 s
-2.5 =
-5.0
Age = 8 Gyr 0.1
-7.5f  0.15=[M/H] = 0.26 takiaanias o
0.4 < [a/Fe] = 0.6
-10.0—=55 =35 ~20 -5 =T =5 0 5 10 15 20 25
X [arcsec]

Figure 8. The spatial distribution of the old (>8 Gyr) stellar populations in ESO 544-27 that is metal-poor and low [«a/Fe] (top), metal-rich and low [«/Fe]

(middle), and metal-rich and high [e/Fe] (bottom).

of their star formation activity (Peeples, Pogge & Stanek 2008). It
is possible that such a dwarf galaxy’s infall is responsible for the
formation of the younger metal-rich stellar population. Such dwarfs
are also expected to have a significant amount of older stars but
those would have been dispersed (primarily in the outer thick disc)
in this scenario and thus rendered indistinguishable from the older
stars of ESO 544-27. Alternatively, tidal-dwarf galaxies (TDGs) can
also reach similarly high metallicities and are offset from the mass—
metallicity relation of most dwarf galaxies (e.g. Recchi, Kroupa &
Ploeckinger 2015). Thus, it is also possible that the cannibalized
dwarf was a TDG. Other alternative scenarios may be possible to
explain the origin of the younger population in ESO 544-27 but such
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scenarios would also need to account for the difference in mean ages
measured for the distinct disc regions for this population.

We thus find that for the thick disc of ESO 544-27, multiple
pathways of thick disc formation have contributed. The old high
[a/Fe] stellar population either formed at its position in the thick disc,
or formed in the thin disc and was expelled to larger scale heights at
later times. The younger metal-rich population likely comes from a
wet minor merger event.

For the thin disc of ESO 544-27, the old high [«a/Fe] stellar
population is present. This may have formed in situ in the thin disc
of the galaxy as some early high [«/Fe] stellar population is expected
to form at early times from galactic chemical evolution models (e.g.
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Kobayashi et al. 2020). However, this population forms only a small
fraction of the mass of the thin disc. The old low [«/Fe] metal-rich
stellar population also likely formed from in situ gas at early times
and inhabits low scale heights till present times. Finally the younger
population also inhabits the thin disc, likely coming from a wet minor
merger event but forming a very small fraction of the mass.

5.2 ESO 544-27 in comparison to other disc galaxies

The MW thin disc has a significantly younger stellar population in
comparison to its thick disc (e.g. Gilmore & Reid 1983; Haywood
et al. 2013). So do UGC 10378 (Scott et al. 2021) and NGC 3501
(Sattler et al. 2023). Even in most external galaxies, the thin disc
has generally been considered to be younger than the thick disc (e.g
Yoachim & Dalcanton 2008; Comerén et al. 2015; Guérou et al.
2016; Kasparova et al. 2016). This is very different from ESO 544-
27, which has an overall older population, including in the thin disc.
The thin disc of ESO 544-27 is similar to that of the SO galaxy FCC
170 (Pinna et al. 2019a) as well as those of NGC 5422 (Kasparova
etal. 2016), and ESO 243-49 (Comeroén et al. 2016), wherein the thin
disc is dominated by old metal-rich, low [«/Fe] stellar populations.
The thin disc stellar population being more metal-poor at ages ~8—
12 Gyr is also similar to that observed for NGC 3501 (Sattler et al.
2023). This was interpreted as indicating an early infall of metal-
poor gas. However, as we see in this work, the mean-metallicity is

affected by the PPXF-identified old likely unphysical metal-poor low
[a/Fe] stellar populations, while the physical old low [«/Fe] stellar
populations is actually metal-rich.

The MW has a old high [a/Fe], relatively metal-poor thick disc
(e.g. Hayden et al. 2015). So do UGC 10378 (Scott et al. 2021).
This is in contrast to the thick disc of ESO 544-27 which while
consistent with having high [«/Fe] stellar population, has a rather
metal-rich one. The thick disc of ESO 544-27 likely has the high
[a/Fe] component formed higher star formation efficiency that the
MW so as to reach higher metallicities. This is similar to the old M
31 thick disc stellar population that is also similarly more metal-rich
(Kobayashi et al. 2023).

The younger stellar population present mostly in the thick disc and
little in the thin disc of ESO 544-27 most likely comes from a wet
minor merger event ~1 Gyr ago though it forms a very small fraction
of the mass. From the distribution of stellar population ages (Fig. 6),
ESO 544-27 was nearly, if not completely, quenched between ~2
and 8 Gyr ago with negligible star formation. Whatever little star
formation takes place in the galaxy at present times, likely originates
from the gas brought in by this wet minor merger event. Rautio et al.
(2022) calculated the specific star formation rate of ESO 544-27 using
the extinction-corrected H o-luminosity, which comes out to be the
least in their analysed sample of five edge-on galaxies from Comerén
et al. (2019), placing the galaxy green-valley of star formation. We
may thus picture ESO 544-27 as a reignited SO galaxy.
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6 CONCLUSION

Using deep MUSE integral-field spectroscopy, we have carried out
an analysis of the stellar populations of the edge-on galaxy ESO 544-
27. We studied the spatial distribution of the mass-weighted mean
stellar age, [M/H], and [«/Fe]. We found that the galaxy is dominated
by old stellar populations (mean age ~10 Gyr). Further diagnostics
(Sections 3 and 4) revealed the following:

(1) The thin disc of ESO 544-27 is dominated by an old low [«/Fe]
metal-rich stellar population, that likely formed in situ.

(ii) The outer thick disc has a high [«/Fe] metal-rich component
(also present with a smaller mass fraction in the thin disc) that was
likely formed in situ but with higher star formation efficiency than
the MW thick disc.

(iii) The inner thick disc of this galaxy has stellar population
properties in-between its thin and outer thick disc.

(iv) We thus find [«a/Fe] dichotomy in ESO 544-27 with its thin
and thick discs dominated by low and high [«/Fe] stellar populations,
respectively.

(v) The galaxy was nearly (if not completely) quenched between
~2 and 8 Gyr ago but star formation was reignited recently, first
in the outer and inner thick disc (~1 Gyr ago) and then in the thin
disc (~600 Myr ago). This is consistent with being induced by a wet
merger event ~1 Gyr ago with a dwarf galaxy but such a metal-rich
stellar population is uncommon in dwarfs.

We thereby demonstrate the significant potential of stellar popula-
tion model-fitting of IFU observations of edge-on galaxies to provide
insight on the formation pathways of thin and thick discs, revealing
the diverse ways in which they may form. In particular ESO 544-
27 has a unique origin compared to the disc galaxies where such a
study has been conducted (Section 5). Similar analysis is planned for
the larger sample of edge-on galaxies with MUSE observations by
Comero6n et al. (2019).
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APPENDIX A:

A1 Best-fit stellar population for a spatial bin

Fig. Al shows the rest frame observed spectra for a single spatial
bin and examples of its stellar population model fits. Our fitting
procedure (Section 3) produces the best-fit spectra. Its x 2 is the lowest

900

4347

(note the value is off from one due to regularization done in PPXF).
The best-fit for the spectra in most spatial bins of this galaxy leads to
the presence of a low [«/Fe], metal-poor component (Section 4.4).
As such a component may not be present physically, we check the
fitting with only high [«/Fe] models. This too produces a reasonable
fit though the best-fit model, with a lower x2 value, is still preferred.
Finally, as an old metal-poor population may produce spectra that are
similar to those of a younger metal-rich stellar population, we check
the fitting with only younger (<2 Gyr old) models. This produces
a very bad fit with x2 = 39.49 (not shown in Fig. Al), indicating
that ESO 544-27 has very little contribution from younger stellar
populations, as was also observed by Rautio et al. (2022).

A2 Estimating errors in full spectral fitting with bootstrapping

Bootstrapping is a methodology that enables estimating the sampling
distribution for nearly any statistic by employing random sampling
techniques (Efron & Tibshirani 1993). It directly explains variance,
bias, and other probabilistic phenomena. We are implementing boot-
strapping to obtain errors in the estimated mass weights of different
stellar populations fitted by PPXF following the methodology from
Cappellari (2023). Repeated PPXF fits, combined with bootstrapping
of the residuals, enable the calculation of both averages and uncer-
tainties in the distribution of the weights. For each galaxy spatial bin
spectrum, we generate a set of 30 realizations, with the understanding
that increasing the number of realizations does not affect the results
(for some spatial bins, we checked larger number of realizations and
saw negligible changes in the mass weight errors). Subsequently,
we apply the same measurement technique to each simulated set.
The measurements on each simulated set are carried out using
the same initial parameters as those used to measure the original
spectrum. We calculated errors of mass weights for each bin using this
approach.

Flux [1072° erg s™1 cm~2 A-1]

550 -

—— Observed Rest Frame Spectra
—— High [a/Fe] [x2=1.412]
—— Bestfit [x2=1.348]

5000 5500

Figure A1. Examples of stellar population model fits for the spectra of a single spatial bin. The observed spectrum (shifted to the rest frame) is shown in black

6000 6500 7000
AlA]

(with masked emission lines in grey). The best-fit spectrum considering all SMILES stellar population models, including the old [M/H]-rich and low-[«/Fe]
stellar population, is marked in red. The best-fit spectrum considering only the high-[et/Fe] stellar population models is marked in green. The x2 values for the

fits are noted.
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Figure A2. Mean properties (mass-fraction — top left, age — top right, [«/Fe] — bottom left, [M/H] — bottom right) of the stellar populations (old, metal-poor,
and low [a/Fe] — purple; old, metal-rich, and low [«/Fe] — red; old, metal-rich, and high [«/Fe] — green; younger metal-rich — blue) for an example bin of ESO

544-27, separately for A, (PPXF) and A, (Balmer).

A3 Estimating the effect of dust attenuation correction

We check the effect of dust attenuation on the stellar population
parameters derived from full spectral fitting with PPXF. As discussed
in Section 3, we have utilized the A, estimated by PPXF to correct
each spectra for dust attenuation. However, stellar dust attenuation
estimation from stellar continuum-fitting is complicated and depends
on the underlying stellar population and the extinction law being
utilized. When both H« and H 8 emission line fluxes are measured,
we can derive the nebular dust extinction at the location of the stellar
extinction (from the same spatially binned spectra) using the Balmer
decrement. While the nebular extinction serves as a useful identifier
of the presence and spatial distribution of dust in the galaxy, it has
been found to not directly correlate with stellar extinction (see fig. 12
and associated text in Viaene et al. 2017). Nevertheless, the nebular
extinction can be used for estimating the stellar extinction in the
same spatial bin from the relation by Calzetti et al. (1994). We thus
utilize the Balmer decrement to dust-correct the spectrum of a single
spatial bin to in ESO 544-27 assuming the Calzetti et al. (1994)
reddening law and compare the derived stellar population properties

with that derived from the PPXF dust attenuation corrected spectra
for this spatial bin.

In Fig. A2, we compare the mass fraction, mean age, mean
[M/H] and mean [«/Fe] for the different stellar populations, and
present the differences introduced by utilizing the Balmer decrement
compared to the PPXF estimated Ay. The old metal-poor low-[«/Fe]
population shows a lower mass-fraction, albeit within error, for
the Ay estimated with Balmer decrement. The mean properties of

the stellar populations remain largely unaffected by including dust
attenuation correction from the Balmer decrement in the full spectral
fitting. Only the mean [M/H] of the old metal-rich, low [«/Fe] stellar
population shows a slight decrease of ~0.1 dex. Since the dust
attenuation correction from the Balmer decrement does not affect
the derived mean properties significantly, we have carried out the
stellar population analysis as described in Section 3.
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