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ABSTRACT
We investigated the properties of the stellar populations in the discs of a sample of 10 spiral
galaxies. Our analysis focused on the galaxy region where the disc contributes more than
95 per cent of total surface brightness in order to minimize the contamination of the bulge
and bar. The luminosity-weighted age and metallicity were obtained by fitting the galaxy
spectra with a linear combination of stellar population synthesis models, while the total
overabundance of α-elements over iron was derived by measuring the line-strength indices.
Most of the sample discs display a bimodal age distribution and they are characterized by a
total [α/Fe] enhancement ranging from solar and supersolar. We interpreted the age bimodality
as due to the simultaneous presence of both a young (Age ≤ 4 Gyr) and an old (Age > 4 Gyr)
stellar population. The old stellar component usually dominates the disc surface brightness
and its light contribution is almost constant within the observed radial range. For this reason,
no age gradient is observed in half of the sample galaxies. The old component is slightly more
metal poor than the young one. The metallicity gradient is negative and slightly positive in
the old and young components, respectively. These results are in agreement with an inside-out
scenario of disc formation and suggest a reduced impact of the radial migration on the stellar
populations of the disc. The young component could be the result of a second burst of star
formation in gas captured from the environment.

Key words: galaxies: abundances – galaxies: evolution – galaxies: formation – galaxies:
kinematics and dynamics – galaxies: spiral – galaxies: stellar content.

1 IN T RO D U C T I O N

Studying the properties of the stellar populations of galaxies is
essential to give a comprehensive picture of their formation and
evolution. Indeed, all the processes driving the assembly history of
galaxies leave a fingerprint in the radial profiles of the luminosity
weighted age, metallicity, and [α/Fe] enhancement of the stellar
component. Thus, the observed properties of the stellar popula-
tions can be used against the predictions of theoretical models and
numerical simulations.

Many studies focus on the colours of galaxies and their structural
components. The mean colours of the stellar populations change
smoothly from red to blue along the Hubble sequence. Moreover,
the galactic discs tend to be bluer than spheroids, with them being
either elliptical galaxies or bulges of lenticular and spiral galaxies

� E-mail: lorenzo.morelli@unipd.it (LM); enricomaria.corsini@unipd.it
(EMC); alessandro.pizzella@unipd.it (AP)

(de Jong 1996; Taylor et al. 2005; Driver et al. 2006). However,
photometric data alone are not enough to distinguish whether these
systematic differences are an effect of age or metallicity then making
impossible to drive conclusive results about the stellar populations
in galaxies beyond the Local Group (Worthey 1994).

Spectroscopic data allow us to highly reduce the age–metallicity
degeneracy by studying the absorption features which are con-
nected to the properties of the stellar populations. Coupling the
measurements of both the line-strength indices of the Lick system
(Faber et al. 1985) and other systems with higher spectral resolution
(Johansson, Thomas & Maraston 2010; Vazdekis et al. 2010)
with the predictions of single stellar population (SSP) models
(Thomas, Maraston & Bender 2003; Vazdekis et al. 2010; Thomas,
Maraston & Johansson 2011) is the most widely used method
to derive the age, metallicity, and [α/Fe] enhancement of unre-
solved stellar populations in galaxies. However, most of targets
are elliptical galaxies (Mehlert et al. 2003; Sánchez-Blázquez et al.
2006b; Annibali et al. 2007) and bulges of disc galaxies (Moorthy &
Holtzman 2006; Jablonka, Gorgas & Goudfrooij 2007; Morelli et al.
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Stellar populations in galaxy discs 1129

Table 1. Properties of the sample galaxies. The columns show the following: (1) galaxy name; (2) morphological classification from
Lyon Extragalactic Database (LEDA); (3) Hubble type (LEDA); (4) apparent isophotal diameters measured at a surface-brightness
level of μB = 25 mag arcsec−2 (LEDA); (5) total observed blue magnitude from LEDA; (6) radial velocity with respect to the
cosmic microwave background reference frame (LEDA); (7) distance obtained as in Morelli et al. (2008), Pizzella et al. (2008)
and Morelli et al. (2012) adopting H0 = 75 km s−1 Mpc−1; (8) absolute total blue magnitude from BT corrected for extinction as
done in LEDA and adopting the distance D; (9) disc scalelength; (10) central values of the velocity dispersion; (11) source of the
photometric and spectroscopic data: 1 = Morelli et al. (2008), 2 = Pizzella et al. (2008), 3 = Morelli et al. (2012), 4 = Morelli
et al. (2015).

Galaxy Type T D25 × d25 BT VCMB D MBT h σ Source
(arcmin) (mag) (km s−1) (Mpc) (mag) (arcsec) (km s−1)

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

ESO-LV 1890070 SABb 3.8 3.0 × 2.0 12.31 2981 37.5 −20.56 31.1 91 2,4
ESO-LV 2060140 SABc 5.0 1.6 × 0.8 14.89 4672 60.5 −19.01 17.8 54.3 3
ESO-LV 4000370 SBc 5.9 1.8 × 0.9 14.47 2876 37.5 −18.40 22.4 42.0 3
ESO-LV 4500200 SBbc 4.1 1.9 × 1.6 13.03 2118 31.6 −19.47 17.3 112 2,4
ESO-LV 5140100 SABc 5.1 2.5 × 1.9 12.88 2888 40.4 −20.13 27.1 60 2,4
ESO-LV 5480440 S0/a − 0.9 1.2 × 0.5 14.26 1696 22.6 −17.51 10.1 63.8 1
IC 1993 SABb 3.0 1.4 × 0.8 12.52 1065 17.0 −18.63 21.9 182.8 1
NGC 1366 S0 − 2.2 2.1 × 0.9 12.80 1308 17.0 −18.63 12.9 175.8 1
NGC 7643 Sab 2.0 1.4 × 0.8 14.12 3837 50.2 −19.38 11.1 116.9 1
PGC 37759 Sc 6.0 0.6 × 0.4 15.89 14495 193.2 −20.54 7.20 64.4 3

Table 2. Age and metallicity of the stellar populations in the disc-dominated region of the sample galaxies. The columns show the following: (1) galaxy
name; (2) radius where the disc contributes more than 95 per cent of the galaxy surface brightness; (3) farthest radius where the stellar population properties
are measured; (4) radial range rlast−rd95 normalized to the disc scalelength h, where the luminosity-weighted age and metallicity gradients are calculated;
(5) luminosity-weighted age at rd95; (6) luminosity-weighted metallicity at rd95; (7) luminosity-weighted age at rlast; (8) luminosity-weighted metallicity at
rlast; (9) gradient of the luminosity-weighted age in the disc; (10) gradient of the luminosity-weighted metallicity in the disc.

rd95 rlast

Galaxy rd95 rlast �r/h 〈 Age 〉L 〈 [Z/H] 〉L 〈 Age 〉L 〈 [Z/H] 〉L �〈 Age 〉L �〈 [Z/H] 〉L

(arcsec) (arcsec) (Gyr) (dex) (Gyr) (dex) (Gyr) (dex)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

ESO-LV 1890070 12.2 59.7 1.52 11.7 ± 0.9 −0.45 ± 0.03 3.1 ± 0.3 −0.15 ± 0.04 − 5.66 ± 0.78 0.20 ± 0.04
ESO-LV 2060140 9.1 37.5 1.57 3.9 ± 0.8 −0.36 ± 0.04 5.3 ± 1.5 −0.92 ± 0.07 0.92 ± 1.46 − 0.36 ± 0.07
ESO-LV 4000370 5.7 23.7 0.80 5.3 ± 1.2 −0.89 ± 0.06 4.0 ± 2.0 −1.15 ± 0.08 − 1.61 ± 3.97 − 0.33 ± 0.17
ESO-LV 4500200 17.1 54.0 2.13 2.4 ± 0.8 −0.54 ± 0.03 3.8 ± 1.0 −0.56 ± 0.05 0.65 ± 0.84 − 0.01 ± 0.03
ESO-LV 5140100 6.1 58.2 1.91 8.1 ± 0.9 −0.33 ± 0.03 5.5 ± 1.5 −0.63 ± 0.04 − 1.38 ± 1.25 − 0.16 ± 0.03
ESO-LV 5480440 5.0 21.4 1.63 7.3 ± 0.7 −0.17 ± 0.04 7.1 ± 1.4 −0.30 ± 0.08 − 0.16 ± 1.29 − 0.01 ± 0.07
IC 1993 7.2 27.5 0.93 11.9 ± 1.4 −0.64 ± 0.06 4.2 ± 0.6 −0.35 ± 0.08 − 8.39 ± 2.15 0.31 ± 0.15
NGC 1366 12.5 26.2 1.06 7.6 ± 0.8 −0.26 ± 0.03 11.6 ± 1.6 −0.56 ± 0.06 3.72 ± 2.26 − 0.28 ± 0.08
NGC 7643 4.5 15.8 1.02 8.2 ± 0.7 −0.12 ± 0.05 6.6 ± 0.8 −0.31 ± 0.05 − 1.55 ± 1.46 − 0.18 ± 0.09
PGC 37759 1.5 11.1 1.34 4.9 ± 0.4 −0.28 ± 0.01 1.1 ± 0.1 −0.54 ± 0.02 − 2.91 ± 0.37 − 0.19 ± 0.02

2008, 2012; Seidel et al. 2015) for which the assumption of SSP is
a good approximation. To date, only a few papers focused on the
stellar populations of galactic discs have been published because
of their low surface brightness and the presence of intense nebular
emission lines which make the spectroscopic analysis quite diffi-
cult. In addition, the discs of galaxies are a reservoir of molecular
gas (Davis et al. 2012) feeding more than one single episode of
star formation. Therefore, the SSP approach cannot be used in discs
and multiple stellar populations are required to correctly recover
the star formation history and the stellar population properties in
galaxy discs (Morelli et al. 2013; González Delgado et al. 2014;
McDermid et al. 2015).

Yoachim & Dalcanton (2008) and MacArthur, González &
Courteau (2009) detected the presence of an old stellar popula-
tion (8–10 Gyr) in the disc-dominated region of 9 edge-on and
8 low inclined spirals, respectively. This result was confirmed by
Sánchez-Blázquez et al. (2011) and Sánchez-Blázquez et al. (2014)
who studied 62 nearly face-on spirals without finding any signifi-
cant difference between the discs of unbarred and barred galaxies.

Discs are characterized by a large spread in metallicity spanning
values between [Z/H]=0 and [Z/H]=−0.2 (Yoachim & Dalcanton
2008). The age and metallicity radial profiles derived by MacArthur
et al. (2009), Sánchez-Blázquez et al. (2011), and Sánchez-Blázquez
et al. (2014) display shallow or negative metallicity gradients. The
[α/Fe] enhancement was only measured by Yoachim & Dalcanton
(2008). They found that the stars of both the thick and thin disc have
a solar abundance ratio.

Tracing the radial profiles of the age, metallicity, and [α/Fe]
enhancement in the discs in several nearby galaxies will allow to
extract statistically significant conclusions and perform a compari-
son with the Milky Way (Freeman & Bland-Hawthorn 2002; Yong
et al. 2006), and the other disc galaxies of the Local Group, (Worthey
et al. 2005; Davidge 2007; Cioni 2009; Gogarten et al. 2010), in
order to understand the mechanisms driving the disc formation.

Galactic discs are believed to form immediately after a major
merging of gas dominated systems (Robertson et al. 2006), through
an inside-out process with the inner parts forming first due to
their lower angular momentum and the outer parts with higher
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1130 L. Morelli et al.

Figure 1. Left-hand panel: the rest-frame observed spectrum of ESO-LV 5480440 at rd95 (black line) is plotted with the best-fitting model (red line) obtained
as the linear combination of synthetic population models, ionized-gas emission lines (blue lines), and a low-order multiplicative Legendre polynomial. The
residuals (green dots) are calculated by subtracting the model from the observed spectrum. The vertical dashed lines correspond to spectral regions masked
out in the fitting process. Right-hand panel: age and metallicity distribution obtained from the best-fitting synthetic population models. The colour scale gives
the luminosity fraction in each bin of age and metallicity. The red circle marks the luminosity-weighted averages of age (〈 Age 〉L) and metallicity (〈 [Z/H] 〉L).
The yellow square and purple triangle refer to the luminosity-weighted averages of age and metallicity for the old (Age > 4 Gyr) and young (Age ≤ 4 Gyr)
components of the stellar population, respectively.

angular momentum forming later (Brook et al. 2004; Muñoz-
Mateos et al. 2007). The inside-out scenario was confirmed by
Trujillo & Pohlen (2005) studying the disc truncations at high z.
Within this framework, age and metallicity gradients are expected
to be measured across galactic discs with the older (Matteucci &
Francois 1989; Boissier & Prantzos 1999) and more metal rich stars
(Muñoz-Mateos et al. 2007; Roškar et al. 2008; Prochaska Cham-
berlain et al. 2011) confined in the inner regions. Nevertheless, this
prediction is correct under the assumption that stars remain in the
same region of the disc where they formed. Recently it has been
shown the possibility that the stellar orbits change in time and stars
might move inwards or outwards across the disc. This effect is re-
ferred as stellar migration and it has been investigated both with a
theoretical approach (Jenkins & Binney 1990; Sellwood & Binney
2002) and using numerical simulations (Roškar et al. 2008; Di Mat-
teo et al. 2013; Kubryk, Prantzos & Athanassoula 2013; Minchev,
Chiappini & Martig 2014). The process of radial migration is ex-
pected to mix the stellar populations and flatten the metallicity
gradient with time.

The paucity of data to address such a relevant topic makes worth-
while any effort to measure the properties of the stellar populations
in galactic discs. Therefore, we decided to study the stellar popu-
lations in the discs of a sample of 10 spiral galaxies for which the
structural and kinematical properties of the bulge and disc were al-
ready known (Pizzella et al. 2008; Morelli et al. 2008, 2012, 2015).
The paper is organized as follows. We present the sample of galaxies
in Section 2 and investigate the properties of the stellar populations
of their discs in Section 3. Finally, we discuss our conclusions in
Section 4.

2 SA M P L E SE L E C T I O N

The sample comprises 10 disc galaxies with morphological types
ranging from S0 to Sc whose properties, including size, magnitude,
and distance, are listed in Table 1. The galaxies belong to the sample
of nearby lenticulars and spirals studied by Pizzella et al. (2008)
and Morelli et al. (2008, 2012, 2015) who measured the surface-
brightness distribution from broad-band photometry and the stellar
and ionized-gas kinematics from long-slit spectra. We refer to these
aforementioned papers for the details about the selection criteria,

photometric decomposition, and measurements of the stellar kine-
matics and Lick indices of the sample galaxies.

The properties of the stellar populations of the bulges of the sam-
ple galaxies were already investigated (Morelli et al. 2008, 2012,
2015), and here we extend the analysis deriving the stellar popula-
tions in the discs.

3 ST E L L A R PO P U L AT I O N S O F T H E D I S C S

Measuring the stellar populations of the different galaxy compo-
nents from integrated spectra suffers from contamination. The prop-
erties inferred for one component are indeed affected by those of the
others depending on their relative contribution to the galaxy surface
brightness. This issue is critical for bulges and bars, which are al-
ways embedded in discs and overlap one to each other at small radii,
none the less it can be easily overcome for discs which dominate
the surface brightness distribution at large radii.

Since we were interested in investigating the stellar populations of
the disc component, we focused our analysis on the disc-dominated
region between rd95, which is the radius where the disc contributes
more than 95 per cent of the galaxy surface brightness, and rlast,
which is the farthest radius where the signal-to-noise ratio is suf-
ficient to measure the properties of the stellar populations in the
available spectra (S/N > 20 per resolution element).

For each galaxy, we adopted the photometric decomposition per-
formed by Pizzella et al. (2008) and Morelli et al. (2008, 2012, 2015)
to define rd95. The structural parameters of the galaxies were derived
with Galaxy Surface Photometry Two-Dimensional Decomposition
(GASP2D; Méndez-Abreu et al. 2008) by assuming the observed
surface-brightness distribution to be the sum of a Sérsic bulge, an
exponential disc, and, if necessary, a Ferrers bar (Méndez-Abreu
et al. 2014). The values of rd95 and rlast for all the sample galaxies
are listed in Table 2.

3.1 Age and metallicity

The age and metallicity of the galactic components are crucial
in reconstructing the assembly history of galaxies, since the past
events of merging and star formation are imprinted in the stellar
populations.
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Stellar populations in galaxy discs 1131

Figure 2. Age and metallicity distribution obtained from the best-fitting synthetic population models of the spectra of the sample galaxies obtained at rd95

(left-hand panels) and rlast (right-hand panels). The colour scale gives the luminosity fraction in each bin of age and metallicity. The red circle marks the
luminosity-weighted averages of age (〈 Age 〉L) and metallicity (〈 [Z/H] 〉L). The yellow square and purple triangle refer to the luminosity-weighted averages
of age and metallicity for the old (Age > 4 Gyr) and young (Age ≤ 4 Gyr) components of the stellar population, respectively.

3.1.1 Fitting synthetic population models

We analysed the galaxy spectra of Pizzella et al. (2008) and Morelli
et al. (2008, 2012, 2015) to derive at rd95 and rlast the relative contri-
bution of the stellar populations with different age and metallicity to
the observed surface-brightness distribution. As done by Onodera
et al. (2012) and Morelli et al. (2013), we applied the Penalized
Pixel Fitting code (PPXF; Cappellari & Emsellem 2004), including
the Gas and Absorption Line Fitting algorithm (GANDALF; Sarzi et al.

2006) and a linear regularization of the weights (Press et al. 1992),
which were adjusted for the sample spectra to deal with emission
lines and derive both the distribution of the luminosity fraction in
different age and metallicity bins, respectively.

We adopted 115 synthetic population models with Salpeter initial
mass function (Salpeter 1955), age from 1 to 15 Gyr, and metallicity
[Z/H] from −1.5 to 0.22 dex. They were built from the stellar spec-
tra available in the Medium Resolution Isaac Netwon Telescope Li-
brary of Empirical Spectra (MILES; Sánchez-Blázquez et al. 2006a)
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1132 L. Morelli et al.

Figure 2 – continued

with a spectral resolution of FWHM = 2.54 Å (Beifiori et al. 2011).
The spectral resolution of the galaxy spectra was degraded to match
that of the synthetic population models. Then they were convolved
with the line-of-sight velocity distribution (LOSVD) obtained from
the available stellar kinematics and fitted to the galaxy spectrum
using a χ2 minimization in pixel space. We simultaneously fitted
the galaxy spectra using emission lines in addition to the synthetic
population models. Only emission lines detected with a S/N > 3
were taken into account. To make the fit result more sensitive to
the absorption lines of the galaxy spectrum than to its continuum
shape, we adopted a low-order multiplicative Legendre polynomial
to account for both reddening and possible artefacts due to the flat

fielding or flux calibration. Finally, we derived the stellar light frac-
tion within each bin of age and metallicity from the best-fitting
synthetic population models.

An example of the fitting procedure is shown in Fig. 1 for the
spectrum at rd95 of ESO-LV 5480440. The age, metallicity, and light
fraction of the stellar populations at rd95 and rlast of all the sample
galaxies are plotted in Fig. 2.

3.1.2 Luminosity-weighted age and metallicity

For all the sample galaxies we calculated the luminosity-weighted
age 〈 Age 〉L and metallicity 〈 [Z/H] 〉L of the stellar population of
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Stellar populations in galaxy discs 1133

Figure 2 – continued

their discs at rd95 and rlast. The uncertainties for ages and metallic-
ities were estimated by Monte Carlo simulations. For each galaxy,
we built 100 simulated spectra by adding to the best-fitting syn-
thetic population model a noise spectrum with the same standard
deviation of the difference between the observed and model spec-
trum. The simulated spectra were measured as if they were real.
The standard deviations of the distributions of the simulated ages
and metallicities were adopted as errors on the measured age and
metallicity, respectively. The values are listed in Table 2 and their
number distributions are plotted in Fig. 3.

No significant difference was found between the distributions of
the luminosity-weighted ages at rd95 and rlast, both of them span-

ning a large range (1 ≤ 〈 Age 〉L ≤ 12 Gyr). On the contrary, the
distribution of the luminosity-weighted metallicity at rlast is charac-
terized by lower values and it peaks at 〈 [Z/H] 〉L � −0.5 dex, while
the luminosity-weighted metallicities at rd95 are slightly shifted to
higher values with a peak at 〈 [Z/H] 〉L � −0.4 dex.

The bulge-to-disc ratio is one of the key ingredients for the mor-
phological classification of galaxies. Our sample covers the Hubble
sequence from S0s to Sc spirals, but there is no evidence for a
clear cut correlation between the galaxy type and stellar population
properties of the disc-dominated region (Fig. 4).

We calculated the gradients of the luminosity-weighted age and
metallicity over the disc scalelength from the values measured at

MNRAS 452, 1128–1139 (2015)
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Figure 2 – continued

Figure 3. Distribution of the luminosity-weighted age (left-hand panels)
and metallicity (right-hand panels) calculated at rd95 (green histograms,
upper panels) and rlast (blue histograms, lower panels) for the stellar popu-
lations in the discs of the sample galaxies.

Figure 4. Luminosity-weighted age (upper panels) and luminosity-
weighted metallicity (lower panels) measured at rd95 (green circles, left-hand
panels) and rlast (blue circles, right-hand panels) for the stellar populations
in the discs of the sample galaxies as a function of their morphological type.

Figure 5. Distribution of the gradients of the luminosity-weighted age (left-
hand panel) and metallicity (right-hand panel) of the stellar populations in
the discs of the sample galaxies.

Figure 6. Gradients of the luminosity-weighted age (upper panel) and
metallicity (lower panel) of the stellar populations in the discs of the sample
galaxies as a function of their morphological type.

rd95 and rlast. The gradients and corresponding errors are given in
Table 2 and their number distributions are plotted in Fig. 5.

The age gradient is negligible within the errors in most of the
discs. ESO-LV 1890070, IC 1993, and PGC 377759 display a
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Stellar populations in galaxy discs 1135

Table 3. Luminosity-weighted age and metallicity measured for the young (Age ≤ 4 Gyr) and old (Age > 4 Gyr) stellar populations in the disc-dominated
region of the sample galaxies. The columns show the following: (1) galaxy name; (2) luminosity-weighted age of the young population at rd95; (3) luminosity-
weighted age of the old population at rd95; (4) luminosity-weighted metallicity of the young population at rd95; (5) luminosity-weighted metallicity of the old
population at rd95; (6) luminosity fraction of the old population at rd95; (7) luminosity-weighted age of the young population at rlast; (8) luminosity-weighted
age of the old population at rlast; (9) luminosity-weighted metallicity of the young population at rlast; (10) luminosity-weighted metallicity of the old population
at rlast; (11) luminosity fraction of the old population at rlast.

rd95 rlast

Galaxy 〈 Age 〉young
L 〈 Age 〉old

L 〈 [Z/H] 〉young
L 〈 [Z/H] 〉old

L Lold/LT 〈 Age 〉young
L 〈 Age 〉old

L 〈 [Z/H] 〉young
L 〈 [Z/H] 〉old

L Lold/LT

(Gyr) (Gyr) (dex) (dex) (Gyr) (Gyr) (dex) (dex)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

ESO-LV 1890070 – 11.7 ± 0.9 – −0.45 ± 0.03 1.00 1.0 ± 0.1 13.6 ± 1.9 − 0.20 ± 0.06 0.16 ± 0.08 0.16
ESO-LV 2060140 1.1 ± 0.4 11.7 ± 2.1 −0.01 ± 0.08 −1.19 ± 0.17 0.29 1.1 ± 0.2 11.1 ± 2.8 − 0.64 ± 0.16 − 1.31 ± 0.21 0.42
ESO-LV 4000370 1.1 ± 0.1 12.1 ± 2.2 −0.63 ± 0.10 −1.30 ± 0.05 0.38 1.1 ± 0.2 4.3 ± 3.5 0.22 ± 0.46 − 1.28 ± 0.07 0.90
ESO-LV 4500200 1.3 ± 0.2 8.0 ± 3.1 −0.39 ± 0.07 −1.30 ± 0.18 0.16 1.0 ± 0.1 10.3 ± 2.9 − 0.25 ± 0.09 − 1.31 ± 0.08 0.29
ESO-LV 5140100 1.1 ± 0.2 11.0 ± 1.5 0.14 ± 0.12 −0.53 ± 0.13 0.70 1.2 ± 0.1 11.3 ± 1.5 − 0.42 ± 0.11 − 0.90 ± 0.16 0.42
ESO-LV 5480440 1.4 ± 0.1 11.5 ± 1.3 0.18 ± 0.06 −0.41 ± 0.05 0.58 3.6 ± 0.9 10.9 ± 1.5 0.22 ± 0.24 − 1.10 ± 0.25 0.46
IC 1993 – 11.9 ± 1.4 – −0.64 ± 0.06 1.00 1.3 ± 0.2 7.7 ± 0.5 0.08 ± 0.09 − 0.89 ± 0.11 0.46
NGC 1366 1.1 ± 0.3 12.5 ± 1.1 −0.57 ± 0.10 −0.05 ± 0.04 0.56 – 11.6 ± 1.6 – − 0.56 ± 0.06 1.00
NGC 7643 1.0 ± 0.2 13.4 ± 1.4 −0.15 ± 0.14 −0.10 ± 0.07 0.57 1.1 ± 0.3 11.8 ± 1.2 − 0.02 ± 0.15 − 0.59 ± 0.11 0.51
PGC 37759 1.6 ± 0.1 11.3 ± 1.1 0.15 ± 0.02 −1.09 ± 0.07 0.34 1.1 ± 0.1 – − 0.54 ± 0.02 – 0.00

Figure 7. Gradients of the luminosity-weighted age (left-hand panel) and
metallicity (right-hand panel) of the stellar populations in the discs of the
sample galaxies as a function of their central velocity dispersion.

negative gradient, whereas NGC 1366 has a remarkably strong pos-
itive gradient. The metallicity gradient of all the discs is negative
or null, except ESO-LV 1890070 and IC 1993. This is expected if
the disc components assembled through an inside-out or outside-in
process (Brook et al. 2004; Muñoz-Mateos et al. 2007). The distri-
bution of the age and metallicity gradients is consistent with that
of the unbarred disc galaxies studied by Sánchez-Blázquez et al.
(2014) once their gradients are rescaled to the disc scalelength.

We note that the age and metallicity gradients do not show any
trend with the galaxy morphological type (Fig. 6) or central velocity
dispersion (Fig. 7) supporting earlier findings of Sánchez-Blázquez
et al. (2014). However, the wide range of masses of the sample
galaxies could, in principle, blur the effect of the morphological
type on the correlations with the stellar population properties. For
this reason, these results need to be tested with a larger sample of
galaxies where the effects of the morphology could be tested for
galaxies in a similar mass range.

Figure 8. Distribution of the luminosity-weighted age calculated at rd95

(green histograms, upper panels) and rlast (blue histograms, lower panels)
for the young (left-hand panels) and old (right-hand panels) stellar popu-
lations in the discs of the sample galaxies. The vertical dotted line marks
Age = 4 Gyr.

3.1.3 Young and old stellar populations

The age distribution obtained by fitting the observed spectra with
synthetic population models is bimodal in most of the sample galax-
ies. Some galaxies are also characterized by a bimodal metallicity
distribution (Fig. 2).

We interpreted such a bimodality being due to the presence of two
stellar populations with a different age. In this paper, we assumed
the young stellar population having Age ≤ 4 Gyr and the old one to
have Age > 4 Gyr. We derived their luminosity-weighted age and
metallicity at rd95 and rlast. The errors on age and metallicity were
obtained from photon statistics and CCD readout noise, and they
were calibrated through a series of Monte Carlo simulations. The
values are plotted in Fig. 2 and listed in Table 3.

The number distributions of the luminosity-weighted age and
metallicity of the two stellar populations are shown in Fig. 8 and 9,
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Figure 9. Distribution of the luminosity-weighted metallicity calculated
at rd95 (green histograms, upper panels) and rlast (blue histograms, lower
panels) for the young (left-hand panels) and old (right-hand panels) stellar
populations in the discs of the sample galaxies.

Figure 10. Luminosity fraction of the old stellar population at rd95 (green
open circles) and rlast (blue circles) in the discs of the sample galaxies. The
dotted lines connect the values obtained for the same galaxy.

respectively. The old component covers a large range of metallicities
(−1.3 � 〈 [Z/H] 〉old

L � 0.1 dex) at both rd95 and rlast, whereas the
metallicity range of the young stellar population is slightly smaller
and shifted towards positive values (−0.6 � 〈 [Z/H] 〉old

L � 0.2 dex).
The fraction of total luminosity contributed by the old stellar

population at rd95 and rlast is given in Table 3 and plotted in Fig. 10.
The galaxy luminosity in the disc-dominated region of about half
of the sample galaxies is mostly contributed by the old stellar pop-
ulation. Its luminosity fraction is almost constant within the radial
range between rd95 and rlast in ESO-LV 2060140, ESO-LV 4500200,
ESO-LV 5140 100, ESO-LV 5480440, and NGC 7643, whereas it
displays a significant change in the remaining galaxies. The fraction
of old stars strongly decreases in the outer regions of the disc of
ESO-LV 1890070, IC 1993, and PGC 37759 and sharply increases

in ESO-LV 400037 and NGC 1366. Therefore no age gradient is
observed in the discs of half of the sample galaxies.

The luminosity-weighted metallicity measured at rd95 and rlast for
the young and old stellar populations are plotted in Fig. 11.

The metallicity gradients over the disc scalelength were derived
separately for the young and old stellar populations. They are listed
in Table 4 and their number distributions are shown in Fig. 12.

The distribution of the metallicity gradients of the old stellar
population is similar to that of the mean stellar population with a
prevalence towards negative gradients (�〈 [Z/H] 〉old

L � −0.22 dex)
indicating that the inner disc regions are more metal rich than the
outer ones. For the young stellar population we found that about half
of the galaxies have slightly positive gradients (�〈 [Z/H] 〉young

L �
0.03 dex). These results are consistent with those found by Sánchez-
Blázquez et al. (2014) for the old and young stellar components of
the discs of their galaxies when rescaled to the disc effective radius.

3.2 Overabundance of α-elements

The overabundance of the α-elements over iron is important to
understand the processes driving the formation and evolution of the
galaxies. Indeed it is a proxy of the delay between the Type II and
Type I supernovae and it gives indication of the time-scale of the last
major burst of star formation. We derived the [α/Fe] enhancement
by comparing the measurements of line-strength indices with the
predictions of SSP models.

3.2.1 Measuring the line-strength indices

Pizzella et al. (2008) and Morelli et al. (2008, 2012, 2015) measured
the radial profiles of the Lick H β, Mg, and Fe line-strength indices
out to 2 − 3 h from the centre for all the sample galaxies. The
values of the H β line-strength index were corrected for the possi-
ble contamination of the H β emission line due to the ionized-gas
component (see Morelli et al. 2012, for details).

We derived the line-strength indices at rd95 and rlast by linearly
interpolating the measured line-strength indices along the radius.
The resulting values and their corresponding errors are reported in
Table 5.

3.2.2 Total [α/Fe] enhancement

In Fig. 13 the values of Mgb and 〈Fe〉 derived at rd95 and rlast for each
sample galaxy are compared with the model predictions by Thomas
et al. (2003) for two stellar populations with an intermediate (2 Gyr)
and old age (12 Gyr), respectively.

The total α/Fe enhancement of the disc stellar population at
rd95 and rlast was derived from the values of line-strength indices
of Table 5, using a linear interpolation between the model points
with the iterative procedure described in Morelli et al. (2008) and
adopting the age given in Table 2. The uncertainties on the α/Fe en-
hancements were estimated by Monte Carlo simulations as done in
Morelli et al. (2008, 2015). We randomly generated 100 simulated
sets of line-strength indices from the measured indices and their
errors assuming Gaussian distributions. The standard deviations
of the distributions of simulated α/Fe enhancements were adopted
as the errors on their measured values, which are reported in Table 2.
The histograms of the number distribution of the [α/Fe] enhance-
ment at rd95 and rlast are plotted in Fig. 14. Most of the galaxies
display a solar and supersolar [α/Fe] enhancement in the inner and
outer regions of the disc, respectively.
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Stellar populations in galaxy discs 1137

Figure 11. Luminosity-weighted metallicity calculated at rd95 (green open circles) and rlast (blue circles) for the young (left-hand panels) and old (right-hand
panels) stellar populations in the discs of the sample galaxies. The dotted lines connect the values obtained for the same galaxy.

Table 4. Gradients of metallicity of the young (Age ≤ 4
Gyr) and old (Age > 4 Gyr) stellar populations measured
over the disc scalelength in the disc-dominated region of
the sample galaxies.

Galaxy �〈 [Z/H] 〉young
L �〈 [Z/H] 〉old

L

(dex) (dex)
(1) (2) (3)

ESO-LV 1890070 – 0.40 ± 0.07
ESO-LV 2060140 − 0.40 ± 0.15 − 0.08 ± 0.24
ESO-LV 4000370 1.04 ± 0.69 0.02 ± 0.14
ESO-LV 4500200 0.07 ± 0.07 − 0.01 ± 0.12
ESO-LV 514000 − 0.29 ± 0.12 − 0.19 ± 0.15
ESO-LV 5480440 0.03 ± 0.18 − 0.42 ± 0.18
IC 1993 – − 0.27 ± 0.18
NGC 1366 – − 0.48 ± 0.09
NGC 7643 0.13 ± 0.28 − 0.48 ± 0.17
PGC 37759 − 0.51 ± 0.02 –

Figure 12. Distribution of the gradients of the luminosity-weighted metal-
licity of the young (left-hand panels) and old (right-hand panels) stellar
populations in the discs of the sample galaxies.

The difference in the distributions of total [α/Fe] enhancement
measured at rd95 and rlast suggests the presence of a radial gradient
in the stellar populations properties of some of the galaxies, as
also shown by the trends of Fig. 13. The gradients of total [α/Fe]
enhancement over the disc scalelength were derived for all the
sample galaxies from the values measured at rd95 and rlast. The errors
on the gradients were calculated through Monte Carlo simulations
as done in Morelli et al. (2012). The gradients and corresponding
errors are listed in Table 6 and their number distribution is shown
in Fig. 15. Only the discs of ESO-LV 5140100 and IC 1993 are
characterized by a shallow positive gradient of [α/Fe] enhancement,
whereas the discs of all the other galaxies show a [α/Fe] gradient
consistent with zero within the errors. It is worth noticing that all the
[α/Fe] gradients are systematically positive with a weighted mean
value of [α/Fe] = 0.10 ± 0.09 dex.

4 C O N C L U S I O N S

We derived the stellar population properties in the discs of 10 spiral
galaxies to investigate their assembly history by testing the pre-
dictions of theoretical models and numerical simulations. To this
aim we analysed the galaxy spectra obtained in the radial range
between rd95 and rlast, which are the radii where the disc contributes
more than 95 per cent of the galaxy surface brightness and the far-
thest measured radius, respectively. On average such a radial range
extends out to ∼2 times the disc scalelength h and it is ∼1.5h wide.

The luminosity-weighted age 〈 Age 〉L and luminosity-weighted
metallicity 〈 [Z/H] 〉L of the stellar populations were measured at
rd95 and rlast by fitting the galaxy spectra with a linear combination
of stellar population synthesis models.

The disc stellar population of the sample galaxies has a flat dis-
tribution of 〈 Age 〉L ranging from ∼1 Gyr to ∼12 Gyr at both rd95

and rlast; however, we note that at rlastonly one galaxy has an age
greater than ∼8 Gyr while at rd95 they are four. The luminosity-
weighted metallicities span a wide range of values from solar to
sub-solar (−1.2 ≤〈 [Z/H] 〉L ≤ 0 dex) but the number distribution
at rlast is slightly shifted towards lower metallicities and the peak
moves from 〈 [Z/H] 〉L � −0.4 dex at rd95 at about 〈 [Z/H] 〉L �
−0.5 dex at rlast. The disc stellar populations of the majority of
the sample galaxies are characterized by a negligible 〈 Age 〉L gra-
dient over the disc scalelength and negative 〈 [Z/H] 〉L gradient,
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Table 5. Values of the line-strength indices of the sample galaxies measured at rd95 and rlast.

rd95 rlast

Galaxy 〈Fe〉 [MgFe]′ Mg 2 Mgb H β 〈Fe〉 [MgFe]′ Mg 2 Mgb H β

(Å) (Å) (mag) (Å) (Å) (Å) (Å) (mag) (Å) (Å)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

ESO-LV 1890070 2.37 ± 0.13 2.81 ± 0.09 0.191 ± 0.004 3.17 ± 0.09 1.53 ± 0.09 2.05 ± 0.09 2.30 ± 0.10 0.124 ± 0.004 2.47 ± 0.04 3.61 ± 0.05
ESO-LV 2060140 1.68 ± 0.19 1.82 ± 0.13 0.088 ± 0.006 1.91 ± 0.11 3.51 ± 0.11 0.92 ± 0.28 1.27 ± 0.17 0.070 ± 0.006 1.47 ± 0.13 3.55 ± 0.16
ESO-LV 4000370 1.26 ± 0.19 1.27 ± 0.13 0.061 ± 0.006 1.30 ± 0.12 3.45 ± 0.11 1.26 ± 0.28 1.17 ± 0.18 0.031 ± 0.006 1.14 ± 0.17 3.32 ± 0.17
ESO-LV 4500200 1.63 ± 0.10 1.65 ± 0.06 0.097 ± 0.005 1.66 ± 0.06 3.30 ± 0.05 1.59 ± 0.15 1.61 ± 0.12 0.103 ± 0.005 1.60 ± 0.08 3.50 ± 0.09
ESO-LV 5140100 2.10 ± 0.10 2.22 ± 0.07 0.141 ± 0.003 2.25 ± 0.06 1.94 ± 0.06 1.29 ± 0.15 1.57 ± 0.08 0.102 ± 0.003 1.89 ± 0.09 3.09 ± 0.08
ESO-LV 5480440 2.26 ± 0.12 2.38 ± 0.09 0.147 ± 0.010 2.55 ± 0.08 1.88 ± 0.07 2.16 ± 0.11 2.27 ± 0.07 0.139 ± 0.006 2.30 ± 0.07 2.48 ± 0.07
IC 1993 2.09 ± 0.13 2.34 ± 0.08 0.148 ± 0.008 2.56 ± 0.07 1.85 ± 0.06 2.19 ± 0.13 2.48 ± 0.09 0.148 ± 0.012 2.80 ± 0.07 2.74 ± 0.06
NGC 1366 2.35 ± 0.22 2.66 ± 0.14 0.187 ± 0.015 3.05 ± 0.13 1.73 ± 0.10 1.99 ± 0.14 2.44 ± 0.08 0.171 ± 0.012 2.96 ± 0.08 1.50 ± 0.06
NGC 7643 2.51 ± 0.20 2.80 ± 0.13 0.179 ± 0.017 2.98 ± 0.12 2.24 ± 0.12 2.12 ± 0.16 2.35 ± 0.11 0.143 ± 0.006 2.58 ± 0.11 3.08 ± 0.09
PGC 37759 2.18 ± 0.23 2.56 ± 0.14 0.057 ± 0.002 2.93 ± 0.11 2.97 ± 0.11 1.51 ± 0.22 1.80 ± 0.14 − 0.013 ± 0.007 1.99 ± 0.11 4.53 ± 0.10

Figure 13. Distribution of the 〈Fe〉 and Mgb line-strength indices measured
at rd95 (green open circles) and rlast (blue triangles) for the sample galaxies.
The dotted lines connect the values referred to the same galaxy. The light
grey lines indicate the models by Thomas et al. (2003) for a young (4 Gyr,
continuous lines) and an old (10 Gyr, dashed lines) stellar population.

Figure 14. Distribution of the total α/Fe enhancement calculated at rd95

(green histogram, upper panel) and rlast (blue histogram, lower panel) for
the stellar populations in the discs of the sample galaxies.

giving observational support to the inside-out formation scenario
(Matteucci & Francois 1989; Roškar et al. 2008). No correlation was
found between the galaxy morphological type and either 〈 Age 〉L

or 〈 [Z/H] 〉L and between the morphological type and gradients of
〈 Age 〉L and 〈 [Z/H] 〉L. Even though the small number statistics
does not allow us to trace a firm conclusion, this might suggest that

Table 6. Overabundance of the α-elements over iron of the stellar popula-
tions in the disc-dominated region of the sample galaxies. The columns show
the following: (1) galaxy name; (2) total [α/Fe] enhancement at rd95; (3) to-
tal [α/Fe] enhancement at rlast; (4) gradient of the total [α/Fe] enhancement
in the disc.

rd95 rlast

Galaxy [α/Fe] [α/Fe] �[α/Fe]
(dex) (dex) (dex)

(1) (2) (3) (4)

ESO-LV 1890070 0.11 ± 0.07 0.17 ± 0.04 0.06 ± 0.09
ESO-LV 2060140 0.09 ± 0.05 0.00 ± 0.12 0.16 ± 0.19
ESO-LV 4000370 0.09 ± 0.09 0.25 ± 0.16 − 0.14 ± 0.20
ESO-LV 4500200 − 0.02 ± 0.06 − 0.02 ± 0.06 0.00 ± 0.09
ESO-LV 5140100 − 0.08 ± 0.05 0.23 ± 0.10 0.31 ± 0.12
ESO-LV 5480440 − 0.03 ± 0.05 − 0.02 ± 0.06 0.01 ± 0.08
IC 1993 0.05 ± 0.06 0.16 ± 0.06 0.11 ± 0.09
NGC 1366 0.07 ± 0.10 0.08 ± 0.07 0.01 ± 0.12
NGC 7643 0.04 ± 0.07 0.13 ± 0.08 0.09 ± 0.11
PGC 37759 0.21 ± 0.10 0.25 ± 0.11 0.04 ± 0.15

Figure 15. Distribution of the gradients of the total [α/Fe] enhancement of
the stellar populations in the discs of the sample galaxies.

the star formation in discs is not strongly connected with the galaxy
type, as already pointed out for bulges. Indeed Thomas & Davies
(2006) and Morelli et al. (2012) found that the evolution of bulges
and discs do not have a strong interplay and they follow independent
paths of star formation.

Most of the discs display a bimodal age distribution hosting
a young (Age ≤ 4 Gyr) and an old (Age > 4 Gyr) stellar popu-
lation, for which we derived the value and gradient of both the
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luminosity-weighted age and metallicity. The old stellar compo-
nent usually dominates the disc luminosity and it is slightly more
metal poor than the young stellar component. The luminosity frac-
tion of the old stellar component is almost constant within the
observed radial range in half of the sample galaxies and therefore
no age gradient is observed in their discs. The old and young stellar
populations are characterized by negative (�〈 [Z/H] 〉old

L � −0.22
dex) and slightly positive (�〈 [Z/H] 〉young

L � 0.03 dex) gradients
of metallicity, respectively. This is in agreement with the findings
by Sánchez-Blázquez et al. (2014) when rescaled to the disc ef-
fective radius. These results suggest that the discs formed out with
a shallow gradient of age and metallicity, and this is consistent
with the predictions of the inside-out assembly scenario (Pilkington
et al. 2012). The young stellar population could be the result of a
second burst of star formation due to the acquisition of gas from
the environment. This give rise to the homogeneously-mixed stellar
population we observe all over the disc. On the other hand, it is hard
to explain the metallicity gradients of the old stellar populations in
the framework of radial migration, which is expected to erase the
gradients of the stellar population properties by moving stars from
the inner to the outer regions of the disc (Roškar et al. 2008). These
results suggest a reduced impact of radial migration on the stellar
populations properties.

The overabundance of the α-elements over iron were derived
at rd95 and rlast by comparing the measurements of line-strength
indices with the predictions of SSP models.

The gradients of total [α/Fe] enhancement calculated over the
disc scalelength are systematically positive ([α/Fe] = 0.10 ± 0.09
dex). This is a hint that the star formation time-scale is shorter
(Thomas et al. 2005) in the outer regions of discs. This result is
promising but it should be tested against a larger sample of galaxy
discs and when the new α-enhanced synthetic population models
(Vazdekis et al. 2015) will be released.
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