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ABSTRACT

Aims. DustPedia and Local Volume Legacy (LVL) are two samples representative of the local galaxy population, including in total
~1000 unique objects of all morphological types, with a wide range of stellar masses and star formation activity, and a spectral
coverage from the ultraviolet to the far-infrared. The purpose of this work is to show that these samples cover two complementary
ranges in stellar mass and galaxy morphology, making them an ideal set for constraining the dominant processes in the evolution of
the galactic dust content.

Methods. Using the multi-wavelength data provided by the two surveys, we fitted the galaxies’ spectral energy distribution and
estimated their physical properties, in particular the stellar mass, M., the specific dust mass, sMqusy = Mausi/M., and the specific star
formation rate, SSFR = SFR/M..

Results. By combining DustPedia and LVL, we highlight that the trend of log,,(sMaus) With log,,(M.) is not monotonic. Thanks to
a large number of objects across a wide range of M., we have been able to fit two smoothly joined linear correlations: a positive one
for log,,(M./Ms) < 9.5 (a range populated mostly by LVL late spirals and irregulars), and a negative one for larger-mass, mainly
DustPedia, spirals (with early-type galaxies being distinct and more dispersed in the same mass regime). For log;,(M./My) > 9.5,
we confirm a strong correlation between sMg,s and sSFR; dwarf galaxies, instead, lie below this trend, showing a large scatter of
SM . for —10.5 < loglo(sSFR/yr") < =9.0. By using chemical evolution models we find that the observed log,,(sMgus)-10g,,(M.)
and log,,(sMaus)-10g,(,(SSFR) trends can be interpreted mainly by variations in the initial gas mass budget and the galaxy ages,
respectively. Low-mass Sm-Irr galaxies with low sMg,, and a high sSFR can only be reproduced by the models by assuming a highly

efficient photofragmentation rate of large grains, and/or low grain growth in clouds.

Key words. dust, extinction — galaxies: evolution — galaxies: fundamental parameters — galaxies: general — galaxies: ISM —

galaxies: star formation

1. Introduction

Metals are produced in stars and are injected into the interstel-
lar medium (ISM) via stellar winds and supernovae (SNe) as
galaxies evolve (Tinsley 1980; Maiolino & Mannucci 2019). A
fraction of these metals is condensed into solid grains, during the
later stages of stellar evolution [i.e. in SN ejecta and the atmo-
spheres of asymptotic giant branch (AGB) stars; Dwek 1998;
Calura 2025]. Once in the ISM, metals can accrete into these ini-
tial solid seeds and form the bulk of the dust mass (Draine 2009;
Asano et al. 2013; Zhukovska 2014). Dust shields molecules
against dissociating radiation and contributes to gas cooling
(Hollenbach & Tielens 1999; Draine 2011). The chemical com-
position of the ISM is strongly influenced by the presence of

* Corresponding author: edpaspaliaris@gmail.com

dust, since dust grains provide a surface for the molecules to
form and react (Savage & Sembach 1996; Jenkins 2009). In
other words, the dust content is intrinsically linked to the star
formation history (SFH) of a galaxy.

Thanks to several space-borne and ground-based facilities,
such as the Herschel Space Observatory (Pilbratt et al. 2010),
it has been possible to study the spectral energy distributions
(SEDs) of galaxies around the peak of thermal dust emis-
sion, from the mid- to the far-infrared (FIR) and sub-millimetre
(submm), allowing the bulk of the dust mass, Mgy, to be
traced. Using Herschel data, scaling relations have been studied
for the specific dust mass (sMguss = Maust/M., i.e. the ratio
between dust and stellar masses), for a few samples of galax-
ies in the local Universe, such as: the Herschel Reference
Survey (HRS; Boselli et al. 2010), a volume- and flux-limited
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sample of 322 galaxies; the DustPedia sample (Davies et al.
2017; Clark et al. 2018), including 875 galaxies, almost all the
largest (Dys > 1’) and nearest (z < 0.01) galaxies observed by
Herschel; the JCMT dust and gas in Nearby Galaxies Legacy
Exploration (JINGLE; Saintonge et al. 2018), including 193
galaxies with M, > 10° M, at 0.01 < z < 0.05, with data
from Herschel supplemented by submm observations with the
James Clerk Maxwell Telescope. The analysis of these sam-
ples has shown that sMg, generally correlates with proxies
of the galaxy evolution, decreasing as a function of M, or
gas fraction, and increasing with the specific star formation
rate, SSFR = SFR/M, (Cortese et al. 2012; Calura et al. 2017;
De Looze et al. 2020; Casasola et al. 2020). In particular, the
strong correlation between sMg, and sSFR confirmed previ-
ous results obtained using data from the InfraRed Astronomical
Satellite (IRAS; Neugebauer et al. 1984) for a sample of ~1700
low-redshift galaxies (da Cunha et al. 2010).

However, samples such as HRS, JINGLE, and DustPedia
mainly contain galaxies with large stellar masses (210° My;
i.e. in later evolutionary stages). Dedicated Herschel surveys
not biased against low M, values have also been conducted,
by choosing low-metallicity objects (Rémy-Ruyer et al. 2013)
or selecting galaxies by their gas content (De Vis et al. 2017a);
these samples, however, contain a limited number of objects,
typically <30 galaxies with log,,(M./Mg) < 9.0. Galaxies of
such low stellar mass do not show the same scaling laws for
sM gy detected at high M,. Specifically, sMg, increases (rather
than decreases) with M, (De Vis et al. 2017a), while no correla-
tion is found with sSFR (Rémy-Ruyer et al. 2015; De Vis et al.
2017a). By combining these (small) low-mass samples, repre-
senting the earlier stages of galaxy evolution, to the high-mass
samples, containing large numbers of more evolved galaxies,
attempts have been made to model the evolution of the dust con-
tent in galaxies, from the formation of the first grains in the
later stages of evolved stars down to dust destruction by SN
shocks in the ISM and astration (Rémy-Ruyer et al. 2014, 2015;
De Vis et al. 2017a; De Looze et al. 2020; De Vis et al. 2021;
Galliano et al. 2021).

In a recent paper, Dale et al. (2023) examines the scaling
laws of the Local Volume Legacy (LVL) survey (Dale et al.
2009), containing 258 galaxies observed by the Spitzer space
telescope (Werner et al. 2004). For this sample, Dale et al.
(2023) find that sMy, increases with M., at odds with the results
from other large samples such as DustPedia. The purpose of this
work is to show that the tension between LVL and DustPedia is
only apparent, and that the two samples represent two comple-
mentary stages in stellar mass, morphology, and thus dust evolu-
tion. The paper is structured as follows. Section 2 describes the
data that we have used and the complementarity of the DustPe-
dia and LVL samples. Section 3 presents the SED fits performed
for the two samples. In Sect. 4 we present and discuss the trends
of sMy.sc with M, and sSFR, for the combined DustPedia-LVL
sample. In Sect. 5 we compare our results with published results
of evolutionary models and results estimated by one-zone dust
evolution models. In Sect. 6 we summarise our findings.

2. Samples and data

We used data available from the DustPedia project! and the LVL
survey’. Both samples consist of local galaxies observed in a

' https://cdsarc.cds.unistra.fr/viz-bin/cat/1/A+A/
609/A37; https://cdsarc.cds.unistra. fr/viz-bin/cat/J/A+
A/624/A80

2 https://doi.org/10.26131/IRSA414
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wavelength range spanning from the far-ultraviolet (FUV) to the
FIR regimes, allowing for an accurate estimation of their funda-
mental physical properties, such as M., My, and the star for-
mation rate (SFR).

2.1. The DustPedia sample

The DustPedia sample comprises large and nearby galax-
ies observed by Herschel (see Daviesetal. 2017, for more
details). Initially, a volume-limited sample of galaxies with
v < 3000km/s (~40Mpc) was drawn from the HyperLEDA
database® (Makarov et al. 2014). Their distribution with mor-
phology is shown in Fig. 1 (top panel), where the Hyper-
LEDA Hubble stage, T, is from a literature compilation of
(mostly) visual classifications in the optical. Galaxies were fur-
ther selected to have large angular sizes, using the HyperLEDA
diameter at the B = 25 mag/arcsec? isophotal level and impos-
ing Dys > 1/, and to be detected in the Wide-field Infrared
Survey Explorer (WISE; Wright et al. 2010) All-sky source cat-
alogue* at a 5-0 level in the 3.4 um band (W1). As is shown in
Fig. 1, the two criteria (and mostly the size selection) result in a
bias against elliptical and later types (in particular irregulars and
unclassified objects), while for types in the range of 3 < T < 7
about 60% of the original objects are retrieved, regardless of
the detailed morphology. The final DustPedia requirement, the
presence of observations in the Herschel science archive, intro-
duced further biases. While about a quarter of the size-WISE
selection is retrieved for 4 < T < 1, the fraction of late-type
galaxies (LTGs) is smaller (~15% for 2 < T < 6 and ~10% for
7 < T <10; see Fig. 1).

The DustPedia datasets for the 875 galaxies in the sam-
ple includes photometry executed in a systematic and uniform
way across the following bands: GALaxy Evolution eXplorer
(GALEX; Morrissey et al. 2007) FUV/NUYV; Sloan Digital Sky
Survey (SDSS; York et al. 2000; Eisenstein et al. 2011) ugriz; 2
Micron All-Sky Survey (ZMASS; Skrutskie et al. 2006) JHKS;
WISE 3.4, 4.6, 12, and 22 um; Spitzer IRAC (3.6, 4.5, 5.8, and
8.0 um) and MIPS (24, 70, 160 um); Herschel PACS (70, 100,
160 wm; Poglitsch et al. 2010); and SPIRE (250, 350, 500 um;
Griffin et al. 2010). This process employed aperture-matched
techniques, accompanied by comprehensive and compatible
uncertainty calculations for all bands. Additional photometric
data were taken from IRAS (12, 25, 60, and 100 um) and from
the Planck Surveyor (9 bands including 350, 550 and 850 pum;
Planck Collaboration XX VI 2016). For a full description of the
photometry pipeline, we refer the reader to Clark et al. (2018).

In this work, we limit the analysis to the objects for which
physical properties were derived by Nersesian et al. (2019). Out
of these 814 galaxies, 33% have an elliptical-lenticular morphol-
ogy, 54% are spirals, and 13% are irregulars.

2.2. The Local Volume Legacy sample

The LVL survey provides a sample of 258 galaxies, fully repre-
sentative of the nearby star-forming population. It consists of all
known galaxies within 3.5 Mpc lying outside the Local Group
and the Galactic plane (|b| > 20°), as well as galaxies in the
MS1 group and Sculptor filament. These are supplemented by a
statistically representative outer tier — derived from the 11 Mpc
Ha and Ultraviolet Galaxy Survey (Kennicutt et al. 2008) — that
further consists of two subsets. The primary includes galaxies

3 http://atlas.obs-hp.fr/hyperleda/
4 https://irsa.ipac.caltech.edu/Missions/wise.html
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Fig. 1. Distributions of the morphological type (fop panel) and stel-
lar mass (bottom panel) of the galaxies in our study. Blue histograms
represent the distributions of DustPedia galaxies, while the pink ones
correspond to the DustPedia + LVL combined sample. In the top panel
the HyperLEDA parent sample, from which DustPedia was selected, is
plotted with a grey histogram. Changes in the distribution, due to fur-
ther selection criteria (i.e. D,s > 1’ and W1-band above 50) are shown
with a dashed and a solid green histogram, respectively. An extra bin
includes morphologically unclassified (Unc.) sources.

that meet a combined criterion of D < 11Mpc, |b| > 20°,
mp < 15mag, and T > 0; the secondary consists of galaxies
within 11 Mpc that fall outside one of the limits in Galactic lati-
tude, magnitude, and morphology, but for which there are avail-
able Ha data. Out of these, for the LVL outer tier the ones with
[b| > 30° and mg < 15.5mag are selected, and they reach a
completeness of 95% (Lee et al. 2009). The median distance of
the galaxies in LVL is 5.9 Mpc, with the majority of them lying
between 0.5 Mpc and 11 Mpc. Dwarf systems constitute 75%
of the sample. The LVL survey includes observations from the
FUV up to 160 um, i.e. GALEX FUV/NUYV, integrated narrow-
band Ha line flux corrected for NII emission by Kennicutt et al.
(2008), UBVRcIc, SDSS ugriz, 2MASS JHKj, Spitzer IRAC
(3.6,4.5,5.8, 8.0 um) and MIPS (24, 70, 160 um), and IRAS (12,
25, 60, 100 um), if available. The photometry was performed
carefully, with the same aperture size being used across all wave-
lengths and all of the observable emission being captured (for a
detailed description of the survey, photometry, and flux proper-
ties of the sample see Dale et al. 2009).

Physical properties were derived by Dale et al. (2023) for the
255 LVL galaxies with sufficient photometric coverage; of these,
58 are also included among the DustPedia objects analysed by
Nersesian et al. (2019). Apart from the tests in Appendix A,
we removed the overlapping objects from LVL and considered
them as part of DustPedia only. There are thus 197 independent
LVL objects, mostly irregulars (61%) and spirals (31%). The rest
(8%) are ellipticals and lenticulars.

Because of its morphological composition, LVL. comple-
ments DustPedia with objects against which the latter was more
biased (see Fig. 1, top panel). Anticipating the results of Sect. 4,
we also show in Fig. 1 (bottom panel) that LVL is complemen-
tary to DustPedia in stellar mass as well.

2.3. Overlap with other samples

The combined DustPedia-LVL sample, consisting in total of
814 + 197 = 1011 objects, has a significant overlap with many
of the Herschel-based samples with which we compare our
results: 272 galaxies are part of HRS (~84% of that sample);
53 are among the 61 objects in the Key Insights on Nearby
Galaxies — a Far-Infrared Survey with Herschel (KINGFISH;
Kennicutt et al. 2011) project (~87% of the sample); 17 are part
of the Dwarf Galaxy Sample (DGS; Rémy-Ruyer et al. 2013,
made of 48 galaxies, thus ~35% of overlap); 16 are among the 42
galaxies in the Herschel-ATLAS Phase-1 Limited-Extent Spa-
tial Survey (HAPLESS; Clark et al. 2015); and 16 are among the
H1-selected Galaxies in H-ATLAS sample (HIGH; De Vis et al.
2017a, 39% of its 41 objects), including 5 in the HIGH-low
sub-sample of galaxies with log,,(M./Mg) < 9.0. Apart from
a few LVL galaxies, almost all of the overlap is with DustPedia,
because of its construction from the post-mission Herschel Sci-
ence Archive. Chastenet et al. (2025) recently published another
sample based on the Herschel Science Archive, collecting FIR-
submm data for 877 local galaxies within ~50 Mpc belonging to
the z = 0 Multiwavelength Galaxy Synthesis project (zOMGS;
Leroy et al. 2019); about half of these, 448 galaxies, are in com-
mon with our combined sample. There is instead no overlap
between DustPedia-LVL and the 193 JINGLE galaxies, because
of the mutually exclusive limits in distance selection.

The samples listed in this section contain only a limited num-
ber of objects with M, < 10° My, just as DustPedia alone does.
Only LVL provides access to a larger number of low stellar-mass
galaxies.

3. SED fitting

The multi-wavelength photometry of DustPedia and LVL facili-
tates the derivation of the galaxies’ physical properties, through
a SED-fitting analysis: using this approach, the physical proper-
ties of the DustPedia galaxies were derived by Nersesian et al.
(2019), and those of LVL by Dale et al. (2023); the CIGALE
SED-fitting code (Boquien et al. 2019) was used in both stud-
ies. After setting a grid of values for the parameters defining
the various modules for the emission by stars, gas, dust, and
the dust attenuation, CIGALE generates a library of model-SEDs
and through Bayesian inference assesses which model SED best
fits the observations. This procedure is performed under the
assumption that the energy absorbed and then re-emitted by dust
particles is fully conserved. Several modules are available for
each component in CIGALE and the estimated physical properties
might differ by using different modules or by selecting different
values for the free parameters of each module.
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The parameter space employed in estimating the physi-
cal properties of the DustPedia galaxies is described in detail
by Nersesian et al. (2019). We briefly mention the parame-
ters’ set-up below. A flexible-delayed SFH, which allows a
late burst or quenching event at 200 Myr before the current
moment (module ‘sfhdelayedbq’; see Cieslaetal. 2015),
is assumed, with the age of the galaxy varying between 2
and 12 Gyr. The Bruzual & Charlot (2003, BC03) single stel-
lar population module of fixed (solar) metallicity is coupled to
the Salpeter (1955) initial mass function (IMF). For the neb-
ular line and continuum emission, the default set, which is
based on CLOUDY templates (Ferland et al. 2013; Inoue 2011),
is used. The stellar and nebular emission are attenuated using
the same power-law-modified starburst attenuation curve derived
by Calzetti et al. (2000) and extended by Leitherer et al. (2002,
module ‘dustatt_calzleit’). The dust emission modules
are estimated using the Heterogeneous dust Evolution Model
for Interstellar Solids (THEMIS; Jones et al. 2017), composed of
grains of amorphous (hydro)carbons (a-C, a-C:H) and amor-
phous silicates with Fe inclusions, whose optical properties
are firmly based on laboratory measurements (Jones 2012a,b,c;
Jones et al. 2013, 2017; Kohler et al. 2014). In our study we have
nine free parameters and a total of about 8 x 107 models were
produced. The grid of parameters used is listed in Table 1 of
Nersesian et al. (2019).

The SEDs of LVL galaxies were fitted by Dale et al. (2023)
using the same CIGALE modules as Nersesian et al. (2019) for
the SFH, stellar libraries, and dust attenuation. However, they
used a different IMF (Chabrier 2003), dust emission module
(based on the emission templates of Draine et al. 2014), and
parameter grid, with 11 free parameters and about 3.4 x 10°
models. For the sake of uniformity, we repeated the fitting using
the same parameter space and dust model used for DustPedia.
Since the LVL data provided by Dale et al. (2023) have not
been corrected for foreground Galactic extinction, we corrected
the fluxes in all bands shorter than A < 10um, following the
methodology presented in Clark et al. (2018). Upper limits in
flux were included in the using the default ‘noscaling’ option
of CIGALE.

Nersesian et al. (2019) find that in 19 DustPedia galaxies
the infrared flux might be contaminated by a strong active
galactic nucleus (AGN), according to WISE colours and the
Assef et al. (2018) 90%-confidence criterion; however, those
objects do not have a SED substantially different from that of
galaxies of the same bolometric luminosity (Bianchi et al. 2018).
Using Spitzer-IRAC photometry and the criterion of Donley et al.
(2012), we find only one LVL galaxy (NGC 5253) that might
host a strong AGN. From the van Velzen et al. (2012) catalogue,
Nersesian et al. (2019) selected four more DustPedia objects
whose FIR SED might be contaminated by synchrotron and free-
free emission from radio lobes (there are no LVL objects matching
this selection). Given their limited numbers (23 DustPedia plus 1
LVL galaxies), our results cannot be biased by these objects. Thus,
we follow the previous analysis and do not use any CIGALE mod-
ule to fit the contribution of AGNs and radio-lobes; we only mark
the objects with different symbols in some of the plots.

From our CIGALE fits for LVL galaxies, we used in this work
the estimates for M., M 4., and SFR (and thus, sMg,s and sSFR)
together with their errors (typically larger for My, and SFR than
for M,). In Appendix A we show that our results are compatible
with those presented by Dale et al. (2023), once the difference in
parametrisation is taken into account, and that the lack of FIR-
submm data for 4 > 160 um does not bias strongly the results
for LVL galaxies.
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4. Scaling laws of specific dust mass

Dust is formed by metals that are synthesised in stars and both
the formation and destruction of the grains is connected to the
life cycle of stars. Moreover, it is found that the sMgyy can be
used as an observational proxy of the molecular gas fraction
(see e.g. Rémy-Ruyer et al. 2014; Magdis et al. 2021) and of
the total gas reservoir (Corbelli et al. 2012; Orellana et al. 2017,
Casasola et al. 2020; Salvestrini et al. 2025; Paspaliaris et al.
2025). Thus, the dust content relates closely to the stellar mass
and the star formation activity in galaxies and the sMgy,s serves
as a valuable tool towards understanding the dust production
mechanisms and generally the evolution of the ISM in galaxies
(see also Calura et al. 2017). In this section we show the results
of the homogeneous SED fitting of the combined DustPedia-
LVL sample. In particular, we present sMg,s as a function of
M, and of the sSFR; the latter can also be considered as a
proxy of the gas fraction in a galaxy, since the SFR is regu-
lated by the available gas reservoir as indicated by the gas-SFR
relation (i.e. the Kennicutt-Schmidt relation; Kennicutt 1998;
see also da Cunha et al. 2010; Berta et al. 2016; De Looze et al.
2020). Since in general M, increases with a galaxy’s age, and
the amount of gas relative to stars decreases (because of astra-
tion), the trends of sMgy, With M, and (decreasing) sSFR have
been interpreted as an evolutionary sequence for the dust con-
tent in galaxies (Cortese et al. 2012; Rémy-Ruyer et al. 2015;
Calura et al. 2017; De Vis et al. 2017b; De Looze et al. 2020;
De Vis et al. 2021; Galliano et al. 2021).

4.1. sMgys versus M.,

In Fig. 2 we plot log,(sMaust) as a function of log,,(M.). For
the sake of presentation, we divided the galaxies according to the
uncertainty of the estimates: if an object has o-(log,(sMqus)) >
0.22 (i.e. S/N = sMyy/0(sMayus) < 2), it is shown with an
open circle; the same criterion was applied to the uncertainty
on M., even though it is sMy,s that dominates the selection.
The median error bars of the two uncertainty ranges are shown
in the plot. Out of the 1011 objects in the combined sample,
455 objects have more uncertain estimates: most of them are
ellipticals, lenticulars, and irregulars (90.5%, 69.5%, and 68.6%,
respectively), with smaller fractions for the other morphological
types (15.8% for Sa-Sab, 8.7% for Sb-Sc, and 28.3% for Scd-
Sdm). Despite the large uncertainties, these estimates are nev-
ertheless useful when trends are studied over several orders of
magnitude. Figure 2 also highlights with different colours the
sample to which a galaxy belongs (either DustPedia or LVL; left
panel) and its morphological type (right panel). In order to bet-
ter visualise the trends with morphology, we fitted a fifth-order
polynomial to M, and sMgu as a function of the Hubble stage,
T (see Appendix B); the two fits are combined and plotted in the
right panel of Fig. 2, colour-coded by morphological type.

The left panel of Fig. 2 confirms visually what we anticipated
in Sect. 2.2 and Fig. 1. The LVL and DustPedia are complemen-
tary not only in morphologies, but also in stellar masses. The
bulk of the DustPedia galaxies have 8 < log;,(M./My) < 11,
with a median value of 9.75, while the majority of the LVL
galaxies have lower stellar masses, with 6.5 < log,,(M./Mg) <
9.5 and a median value of 8.19. Figure 2 also shows that the
trends for the low and high M. ranges are different: sM gy
increases with M, for lower stellar masses, reaching a peak at
log,o(M./Mg) = 9.5, beyond which the trend is reversed. The
galaxies along the increasing trend are mainly Sm-Irr, with fewer
Scd-Sdms (the majority being LVL objects), while the remain-
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Fig. 2. M, as a function of M.,. In the left panel DustPedia and LVL galaxies are shown in blue and pink, respectively; in the right panel galaxies
are colour-coded with morphology. Objects are divided between those with larger (open and paler circles) and smaller uncertainties (filled and
darker circles; see text for details): the black error bars in the left panel show the median values of the uncertainties in both ranges. In the left panel,
the dashed red curve is the smoothly joined bilinear fit for LTGs, the shaded area shows the dispersion around the fit, and the two paler dashed
curves indicate the fitted intrinsic scatter. We also show the fits by Casasola et al. (2020) and De Looze et al. (2020), and mark galaxies hosting
AGNSs or s radio jet with a ‘x’ or a ‘4’ symbol, respectively (see Sect. 3). In the right panel, the coloured curve shows the combination of the fitted
fifth-order polynomials, of each physical property, parametrised with Hubble stage (from 7 = =5 to T = 10; pink to dark-red; see Table B.1) on
the sMgus—M.. plane. The uncertainty of the polynomials is indicated by the shaded grey area.

ing morphological types follow the decreasing trend (and are
mostly from DustPedia), with the early-types (E, SO) being dis-
tinct from the spirals (Sa-Sdm) and more scattered. The Spear-
man’s correlation coefficients in both mass ranges are very
similar (in terms of the absolute value): we obtain ps = 0.43
when selecting galaxies with log,,(M./Mg) < 9.5, ps 0.45
for log(M../My) > 9.5; this rises to ps = 0.57 and —0.56 for the
two stellar mass ranges, respectively, when only LTGs (T > 0.5)
are considered. While the negative correlation for high stellar
masses is well established in the literature, as we discuss later,
the positive correlation for the low-mass end echoes that found
by Dale et al. (2023) using LVL data only, i.e. the motivation
for the current work. The correlation claimed by those authors,
ps = 0.58 (without any cut in morphology), is stronger than what
is measured here, probably because of the exclusion of those
galaxies for which they only provide upper limits in Mgys.

We used the Python UltraNest package for Bayesian
inference (Buchner 2021) to fit the data points with a function
that smoothly joins, at intermediate stellar masses, a negative
and a positive linear correlation, i.e.

1og o(sMaust) = —€logyg (10‘% logio(sMg) 4 107¢ Ing(W?fi’?)).
(D

The intrinsic scatter of the data points, o, was also fitted. The fit
considers errors on both axes, for all data points, regardless of
the error magnitude. When selecting only LTGs, we obtain

logyo (sMigw) = (047%0.02) x log,o(M../Mo) + (~7.27037).
logyg (SMEET) - (_0'49tgfgg) x log,o(M./Mo) + (1-87t8:;§) ,
€=0.33"10,
o =0.30"00.

Results of the fit are shown in the left panel of Fig. 2, in which
we plot the median representation of the model, together with
the dispersion given by the 0.16 and 0.84 percentiles around
the median, and the intrinsic scatter. While the parameter defin-
ing the smoothing, €, is poorly constrained, those for the two

linear correlations are very similar to what would have been
obtained by separately fitting the data points below and above
log(M./Ms) = 9.5 (which is also close to the position of
the maximum of the joining function). When all morphologi-
cal types are considered, instead, the slope will become flatter
for galaxies with lower stellar masses, and steeper (in absolute
value) for higher stellar masses (not shown), as a result of the
lower (and more uncertain) values of log;(sMgaus) for early-type
galaxies (ETGs), and of their general negative correlation with
log,((M.). Correlations and fits for each morphological type are
shown in Appendix B.

4.2. sMy, versus sSFR

In Fig. 3 we plot log,,(sMaus) as a function of log,,(sSFR). In
analogy with Fig. 2, data points are colour-coded by sample (left
panel) and morphology (right panel); open circles are used for
galaxies with uncertain estimates. In this plot, the uncertainty for
the quantity on the y axis, sSFR, can also be significant. Thus,
defining objects with uncertain estimates, those with S/N < 2 for
§M gyt or sSFR, results in a larger selection. There are now 557
of these galaxies (97.3% of all E, 85.7% of S0, 46.3% of Sa-Sab,
20.8% of Sb-Sc, 31.2% of Scd-Sdm, and 70.0% of Sm-Irr galax-
ies). Also, galaxies that were considered to have more certain
estimates in Fig. 2, because they have S/N > 2 for sM gy, could
be classified as uncertain in Fig. 3 because they have S/N < 2
for sSFR; this is reflected in the different median error bars in
Figs. 2 and 3.

Figure 3 shows that log,,(sMgus) in general increases with
increasing sSFR, with most of the objects from DustPedia fol-
lowing the increasing trend, while those of LVL are mostly
below it, dragging the trend at lower sMg,y for high sSFR.
Indeed, most LVL galaxies have similar loglo(sSFR/yr‘l) values,
of between —10.2 and —9.2, but a wide spread of log;o(sMgust)
values, from —2.8 to —4.5. This trend becomes evident when we
plot the running median of all DustPedia-LVL galaxies in bins
of log,,(M./My). Galaxies of lower M, have a higher sSFR. As
we have also seen in Fig. 2, while M, increases, sMgy increases
until it reaches a peak, at log,o(sSFR/yr™!) ~ —9.9; this happens
with a small variation (<0.5 dex) in log,,(sSFR). Going towards
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Fig. 3. sMy, as a function of sSFR. The colours and shapes, median error bars, and marks indicating AGNs and radio jets (left panel) are the
same as in Fig. 2. In the left panel, the dashed red curve is the linear fit to LTGs with log,,(M./Mg) > 9.5, the shaded area the 1o dispersion
around the fit, and the two paler dashed curves the fitted intrinsic scatter (the short-dashed line being the fit including also ETGs). The dotted
line is the fit by De Looze et al. (2020). The black squares show the median, and standard deviation, for bins in M, of 1.0dex width, centred
from log,,(M./My) = 7 (on the right side of the panel) to log;,(M./My) = 12 (on the left side). In the right panel, the coloured curve shows the
combination of the fitted fifth-order polynomials, of each physical property, parametrised with Hubble stage (from 7' = =5 to T = 10; pink to dark
red; see Table B.1) on the sMy,,—SSFR plane. The uncertainty of the polynomials is indicated by the shaded grey area.

the highest M, bins, both the sMg, and the sSFR decrease. The
right panel of Fig. 3 shows that the place where galaxies lie in
the diagram also depends on their morphology. For instance,
although Sm-Irr galaxies have similar sSFRs as the late spi-
rals (Scd-Sdm), they have lower sM gy, in accordance with their
lower M.. Similarly to the trend suggested by the stellar mass
bins, the combination of the fitted fifth-order polynomials of the
plotted properties (see Appendix B) shows the sMg,s rapidly
increasing with a relatively constant sSFR for the Sm-Irr and
Scd-Sdm bins. In this case the peak sMgy,s occurs at a slightly
higher log,(sSFR/yr™!(==9.8). The sMy then decreases with
decreasing sSFR for earlier-stage galaxies.

The correlation between log,(sMaus) and log,,(sSFR) for
all objects has Spearman’s coeflicient, ps = 0.62. Because of
what we discussed in the previous paragraph, the significance of
the correlation increases when the sample is restricted to galax-
ies with log,,(M./Mg) > 9.5: in this case we have ps = 0.85
(for 525 objects; equivalent results can be obtained by selecting
DustPedia galaxies only). A fit to these objects (red line, small
dashes; Fig. 3, left panel) yields

log,o(sMaus) = (0.53 £0.02) X loglo(sSFR/yr*l) +(2.3+0.2),
)

with an intrinsic scatter of o = 0.27 = 0.01 dex. If we restrict the
fit to the massive LTGs (T > 0.5, 321 objects) only (red line;
long dashes), we get

logo(sMgust) = (0.38 0.02)><10g10(sSFR/yr")+(O.74 +0.21),
©)]

with a reduced intrinsic scatter, 0 = 0.20 + 0.01 dex; the cor-
relation coefficient, however, is smaller, ps = 0.65, because of
the more restricted dynamic range of log,,(sSFR). When fits are
done for individual morphology bins (Appendix B), a positive
trend is found in all cases, again with different normalisations
and intrinsic scatter: the smallest scatter is for Sa-Sab and Sb-
Sc. It becomes larger for Sm-Irr, whose fit is below that of the
later-type spirals, in accordance with what has been discussed so
far, and it is largest for ellipticals.
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4.3. Comparison with previous works

The negative correlation between log,,(sMqus) and log,,(M.)
at higher stellar masses, shown in Fig. 2, is a well-known
result in the literature and has been found for a wide diver-
sity of samples of galaxies in the local Universe. For instance,
it has been described for HRS (Cortese et al. 2012), for the
Planck-selected sample of Clemens et al. (2013), for the JIN-
GLE sample, united with HRS, KINGFISH, HAPLESS and
HIGH (De Looze et al. 2020), and for the LTGs in DustPedia
(Casasola et al. 2020). Only Chastenet et al. (2025) find no cor-
relation for the zOMGS galaxies they study but, as they admit,
this is mainly due to the exclusion of objects with low sSFR
from the analysis. The normalisation and the slope of the cor-
relation are found to vary depending on various selections; for
instance, Cortese et al. (2012) and De Looze et al. (2020) find
that sMgy is systematically lower for HI-deficient galaxies,
while Orellana et al. (2017) — using a sample of 1630 galaxies
with an Planck detection — derived a steeper correlation for star-
bursts than for more quiescent ones. The inverse correlation was
confirmed by Donevski et al. (2020) on a more distant sample
(up to z ~ 5), but with a median sMgy,sx more than an order
of magnitude higher than those of local ETGs and LTGs, indi-
cating an evolution with redshift. Two fits from the literature
are shown in Fig. 2: that of Casasola et al. (2020), obtained for
DustPedia LTGs with the same CIGALE dataset as was used in
this work; and that of De Looze et al. (2020) for their JINGLE-
based sample (corrected for their different modelling parametri-
sation; see Appendix C). The two fits are fully compatible with
each other. Since the range of their analyses extends to lower
M., their fitted linear trends are flatter than what is obtained
here for high M, only, but overall consistent with the current
results.

Instead, the positive trend of sMgys versus M., for low M.,
has only been described in a few literature works and required
carefully crafted samples, because of the difficulty of estimating
the properties for low-mass galaxies. Grossi et al. (2015) stud-
ied the star-forming dwarfs in the Herschel Virgo Cluster Sur-
vey (HeViCS; Auld et al. 2013), combined with similar objects
from KINGFISH and DGS, and found hints of a change in
trend with respect to more massive KINGFISH and HeViCS
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galaxies, but with a large scatter that prevented the detection
of any correlation. De Vis et al. (2017a), studying 17 galaxies
with log,,(M./Ms) < 9 (the HIGH-low sample), find a differ-
ent trend with respect to more massive objects. Suggestions for
a change in slope at small M, can also be found in other samples
(see, for example, Fig. 11 in Casasola et al. 2020 and Fig. 2 in
De Looze et al. 2020 for log,,(M./Mg) < 9), again for a limited
number of objects.

The strong correlation between logo(sMgust)
and log;,(sSFR) shown in Fig. 3 was already found by
da Cunha et al. (2010), with ps = 0.84 for a sample of ~3200
galaxies; they also demonstrated that this is not driven by the
M., (used at the denominator of both the sMy,s and sSFR). The
correlation has been confirmed for several Herschel-based sam-
ples: for HRS, by Cortese et al. (2012), using NUV-r as proxy
for sSFR; for KINGFISH (Rémy-Ruyer et al. 2015); for HRS,
HAPLESS, and HIGH (De Vis et al. 2017a); for those samples
above, plus JINGLE (De Looze et al. 2020); and for DustPedia
and the DGS (Galliano et al. 2021). The De Looze et al. (2020)
fit, including galaxies of all morphological types, is shown
in the left panel of Fig. 3 (after the corrections described in
Appendix C); it is analogous to what we find in this work
without a morphological selection. While the paucity of objects
in the local Universe prevents us from extending the analysis
at log,,(sSFR/yr™!) > -9.4, we note here that samples of
high-redshift galaxies have shown that the general correlation
of logo(sMqus) and log,,(sSFR) extends beyond that limit
(Rowlands et al. 2014; De Visetal. 2017a; Donevski et al.
2020).

Also for log,(sMgaust) versus log,,(sS FR), the departure of
galaxies of lower stellar mass from the main scaling law of
Fig. 3 has been found and described only for a few samples
of galaxies with specific properties. For similar values of sSFR,
De Vis et al. (2017a) find lower sMg, than the main trend for
the HiGH-low galaxies. Another sample showing no significant
correlation between sMg,s and sSFR is the DGS, made up of 48
star-forming and low-metallicity dwarfs that have lower sM gy
and higher sSFRs than expected from the trend shown by KING-
FISH galaxies (see Fig. 11 in Rémy-Ruyer et al. 2015).

4.4. Advantages and caveats

We have shown in this section that the combination of LVL
and DustPedia allows one to study the main scaling laws of
sMayy, and the departures from them for different galaxy sub-
sets, in more detail than what was previously possible by includ-
ing a small number of low-mass objects in larger samples of
more massive galaxies. For example, De Vis et al. (2017a) did
not attempt to fit the sMgy,s versus M, trend because of the
small number of objects in their HIGH-low sample of 17 galax-
ies with log,o(M./Mgp) < 9. DustPedia-LVL, instead, con-
tains 309 galaxies in the same M., range; thus, we could also
fit the low-mass regime. Similarly, Galliano et al. (2021) stud-
ied the evolution of dust by supplementing DustPedia with
34 DGS objects, while LVL adds 197 objects to the larger
sample.

However, a caveat for the use of LVL should be mentioned,
i.e. the lack of FIR/submm data for 4 > 160 pm. In Appendix A
we discuss the possibility of an underestimate of Mgy,s (and
thus of sMgyyy): if we correct the dust masses of LVL galaxies
according to the (rather uncertain) fit shown in Fig. A.2, low-
M, galaxies will show a shallower trend of log,,(sMgust) ver-
sus log;,(M.,) than that presented in Fig. 2, with Spearman’s
ps = 0.3; yet the dichotomy with the trend of high M, galaxies

(unaltered by the correction) will remain. Similarly, the differ-
ence between sMg,s for high- and low-M, galaxies at high sSFR
will remain, though much reduced. Currently, LVL galaxies with
log,o(sSSFR/yr™!) ~ —10 and log,y(M./My) ~ 8 have sMgy
values 0.8 dex lower than their log,,(M./My) > 9.5 counter-
parts; this will reduce to just 0.2 dex after the correction. Future
FIR/submm observations of LVL galaxies beyond the peak of
thermal emission are needed to settle this issue.

5. Dust evolution modelling

Several works have modelled the variation in the dust con-
tent (and other integrated properties) of galaxies as a func-
tion of cosmic time (e.g. Dwek & Scalo 1980; Dwek 1998;
Lisenfeld & Ferrara 1998; Hirashita 1999; Morgan & Edmunds
2003; Inoue 2003; Dwek et al. 2007; Galliano et al. 2008;
Calura et al. 2008; Valiante et al. 2009; Mattsson & Andersen
2012; Asano et al. 2013; Zhukovska 2014; Feldmann 2015;
De Looze et al. 2020; Nanni et al. 2020; De Vis et al. 2021;
Sawant et al. 2025). In particular, limited samples of galaxies
of low stellar mass (i.e. HIGH and DGS) have been used to
define the earlier stages of dust evolution (De Vis et al. 2017b;
Galliano et al. 2021).

In this section we explore the impact of the DustPedia-LVL
dataset on dust modelling, and in particular of the estimates for
the larger number of low-stellar mass galaxies available from
LVL. We first compare the scaling laws presented in the previ-
ous section with published evolutionary models; we then use the
chemevol’ (De Vis et al. 2021) to understand which parameters
for dust evolution can better describe the dataset presented here.

5.1. Models from literature

We first compare the DustPedia-LVL results with four mod-
els for sMgy, we selected from the literature: Calura et al.
(2009, Ca09), whose estimations for sMgu, M., and sSFR
for spiral galaxies of three different baryonic masses (Mpy)
are taken from Calura et al. (2017); Asano et al. (2013, As13),
whose estimations for sMgy,s versus sSFR, for a total baryon
mass (stars+ISM) of 10!°M, and three different star forma-
tion timescales (tgr; i.e. the ISM depletion timescale), are taken
from Rémy-Ruyer et al. (2015, the trend vs. M., is not avail-
able); the models of Galliano et al. (2021, Ga21) for an initial
gas mass of 4 x 10'° My, and three different outflow rates, pre-
sented in their Fig. 15; the results of hydrodynamical simula-
tions of isolated disc galaxies by Richings et al. (2022, Ri22;
only sMgu vs. M, is presented by the authors), with M,
ranging from 6.6 x 10° My, (dwarfs) to 3.1 x 10'> Mg (massive
galaxies), in five steps, with two additional cases in which the
gas fraction is increased (or decreased) by 20%, for M, =
1.1 x 10'°My,, but without a dust evolution model included; and
the dwarf mass (sub-Small Magellanic Cloud to Large Mag-
ellanic Cloud) to Milky Way simulations (Choban et al. 2024,
Ch24), which include a dust evolution model with a constant
grain size (Choban et al. 2022).

The evolution frameworks developed by Ca09 and Asl3
incorporate the same fundamental physical mechanisms: dust
formation in the ejecta of core-collapse SN and AGB stars, sub-
sequent grain growth in the dense ISM, and dust removal through
SN-driven destruction and astration. Their treatments diverge
primarily in the environmental regulation of these processes. In
the Ca09 model, the spiral galaxy is dominated by a thin disc

> https://github.com/zemogle/chemevol
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Fig. 4. sM, as a function of M, (left panel) and sSFR (right panel), compared to model predictions from the literature. Galaxies with uncertain
estimates are shown with open symbols. Model estimates by Galliano et al. (2021, Ga21) are shown with blue squares; the lighter blue colour cor-
responds to a higher outflow rate (d,,). The models for three spiral galaxies of different baryonic masses from Calura et al. (2009, Ca09) are plotted
with green diamonds, with darker green indicating a higher assumed baryonic mass. Predictions for isolated disc galaxies by the Richings et al.
(2022, Ri22) and FIRE (Choban et al. 2024, Ch24) simulations are also plotted in the left panel, with orange and yellow, respectively. In the right
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of stars and gas, consisting of several independent rings without
exchange of matter among them. They adopted an inside-out disc
formation, with the timescale for disc formation increasing with
galactocentric distance, and assumed that the star formation effi-
ciency (SFE) is higher for more massive objects. As13 employed
a closed-box model that isolates the intrinsic interplay between
stellar dust production and accretion, allowing them to iden-
tify the critical metallicity, above which grain growth becomes
the dominant channel. Ga2l rewrote the chemevol version of
De Vis et al. (2017b), which adopts the same physical mecha-
nisms as the two aforementioned models (i.e. Ca09, As13) for
dust production and destruction, but embedded these processes
within a more dynamically realistic context that includes gas
inflows, outflows, and galactic fountains (i.e. recycling of the
outflows), each of which can dilute, expel, or destroy dust and
thereby modulate the efficiency and timing of the underlying
mechanisms. In their version, Ga2l extended the code’s for-
malism by applying a hierarchical Bayesian framework to con-
strain the efficiencies of SN dust condensation, grain growth, and
shock destruction across a large sample of galaxies. The Ri22
models were computed with the hydrodynamics code GIZMO
(Hopkins 2015), assuming a rotating disc of gas and stars, along
with a spherical central stellar bulge, all embedded within a live
dark matter halo. The parameters of the models (e.g. bulge-to-
total ratio, half-light radius, gas fraction, and metallicity) were
accordingly chosen in order to follow the scaling relations of
nearby typical spiral galaxies at redshift zero. Within the sim-
ulations other processes are implemented, such as star forma-
tion and feedback by SN, stellar winds, photoionisation of the
surrounding gas, and stellar radiation pressure, as well as non-
equilibrium chemistry covering a wide range of gas phases, from
cold dense molecular clouds to hot highly ionised plasma. By
also using GIZMO within the Feedback in Realistic Environments
(FIRE) project, the Ch24 models track the non-equilibrium evo-
lution of dust grains of multiple species (e.g. carbonaceous,
silicates, iron), accounting for their production, growth, and
destruction.

The comparison between DustPedia-LVL and the literature
models is shown in Fig. 4. We note that, while we fitted galac-
tic properties adopting the Salpeter (1955) IMF, this is used
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by Ga21 only; instead, Ca09 adopt Scalo (1986), As13 Larson
(1998), Ri22 and Cho24, Kroupa (2001). Unfortunately, conver-
sion factors are not available in the literature between Salpeter
(1955), typically producing higher values for M, and SFR, and
all the other IMFs above: if we had applied the conversion from
the Kroupa (2001) IMF (as in Madau & Dickinson 2014), and
if conversion from other IMFs is similar, the modelled sMgyg
would have been about 0.2 dex lower and M. 0.2 dex higher (and
sSFR almost unchanged), i.e. by about a symbol size for models
in Fig. 4. Furthermore, other different assumptions on galactic
modelling might have resulted in other shifts (see Appendices A
and C). Thus, we apply no correction but keep in mind that
possible offsets between models and between a model and our
results might be due to this issue. Looking at the log;,(sMgys)—
log,o(M.) plane (left panel of Fig. 4), the Ca09 model follows
the negative trend for higher M., found for our data (apart from
a systematic offset towards higher sMg, values). The Ga2l
models show that for the same M., galaxies exhibiting stronger
outflows ultimately display lower sMgyg, providing an interpre-
tation for the high dispersion that we find in the high M. regime.
Similarly, the sMgy, trend with M, of the Ri22 and Ch24 sim-
ulated galaxies is in good agreement with our observed galax-
ies (especially if we apply the corrections expected for Kroupa
2001). However, while Ch24 models predict low sMg,s values
in the low-M, regime, a larger difference is found by Ri22. This
could be attributed to higher gas fractions assumed by the models
compared to the ones in the observed sample, as is suggested also
by their more massive models showing that the dispersion of the
sM gy for a specific M, depends on the gas content of the galax-
ies. Specifically, for their galaxies with log,,(M, /M) =~ 10 they
find different sMy,s by assuming different gas fraction. Regard-
ing log,o(sMaus) versus log,,(sSFR), shown in the right panel
of Fig. 4, apart from the Ch24 models, all the rest show a larger
dispersion than the one suggested by our data. The As13 model
with the lowest tsg lies on top of our data, while higher tgp
gives higher sMg,, than what we find. Similar sMg. is pre-
dicted by the Ca09 dwarf galaxy model. On the other hand,
the higher-mass Ca09 models are in better agreement with our
data, following, though, a steeper decrease in sM4,s as We go to
higher masses (lower sSFR) than that found for our sample. The
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Ga21 models do not agree with our data in the log,,(sMaust)—
log,,(sSFR) plane; however, we need to stress out that as stated
by them this might reflect a simplistic SFH, outflow, and inflow
prescription used in their models. For this reason, we present the
properties of models with lower outflow rates, at 10 Gyr, as at
later ages they give a very small sSFR for a constant sMg,, and
the ones of the model with high outflow rates, at only 4.6 Gyr,
since after that age it runs out of ISM.

5.2. Our evolutionary models estimated with chemevol

The comparison of our observed galaxies with the model predic-
tions from the literature indicates that different model assump-
tions and initial conditions can lead to different results. In the
following, we use chemevol to study the dependence of the
observed trends on the various parameter models and we inves-
tigate how the combined DustPedia-LVL data can help to con-
strain the properties of the models.

We already mentioned some details of chemevol above, but
here we describe the basic features of the model. The code solves
differential equations that account for the secular evolution of the
main building blocks of galaxies, i.e. stars, gas, heavy elements,
and dust, under the assumption that they are perfectly mixed. The
ISM is separated into clouds and diffuse ISM. Stars form from
gas (pristine clouds initially), a portion of which is returned into
the ISM at the end of their lifetimes. The model follows the stel-
lar evolution as a function of the mass, which determines both
the lifespan and the yields of elements and dust. The stellar com-
ponent is strongly dependent on the IMF that is assumed. Gas is
consumed through processes, such as astration and galactic out-
flows, while it is replenished via stellar feedback and inflow of
metal- and dust-free gas. Heavy elements are infused in the ISM
at the end of the stellar lifetime. A part of them returns into stars
through astration and a fraction is lost through outflows. Dust is
produced by three main processes: the condensation of elements
into solid grains occurring in low- and intermediate-mass stars’
ejecta, the condensation in type-II SN ejecta, and grain growth
through accretion from elements in the ISM.

For our investigation, we used as a reference the De Vis et al.
(2021, DV21) best-fit model, assuming three initial gas masses
(Mg, init), aiming to cover the mass range of our combined
sample. For each Mg, init We assumed three start times (fart)
in order to estimate the properties of both younger and more
evolved galaxies. The end time of the models was always fixed
to 13.8 Gyr. Consistently with our CIGALE analysis, the best-fit
model used a Salpeter (1955) IMF, the THEMIS dust model was
adopted, and a delayed SFH was assumed. The SFH prescription
adopted by DV21 is given by

SFE = SFE (%)O'ZS (1 + exp™/ 1"Mg%)f3 (1+2)7"! )
= o\ 1 p ),

where z is the redshift, M, is the gas mass, and SFEq is the ref-
erence SFE, which is a free parameter. As shown by DV21 (see
their Sect. 3.3 for details), from the above empirical prescription
the resulting SFH is consistent with the delayed SFHs observed
in other works. We varied the key parameters of the model within
their suggested rate (as listed in Table 1 of DV21). The reference
model (denoted as ref) and its variations are shown in Fig. 5. The
parameters investigated are listed in Table 1.

5.3. Qualitative inspection of dust evolution parameters

In this investigation, for each parameter configuration, our start-
ing point is the assumption of three M, inic Values and two ages
(fza1). As can be seen in the top panels of Fig. 5 the initial gas

Table 1. Dust evolution parameter grid in chemevol.

Parameter Notation Values
Model start time [Gyr] totart 1,6, 11
Initial gas mass [Mg] Mgy, init 1E9, 5E10, 1E12
Reference star fast.sfe: 1E-8.5
formation efficiency SFE,(™  average.sfe: 1E-9.0
[yr'] late.sfe: 1IE-9.5
Fraction of gas in dense clouds fe 0.03,0.5
Outflow rates reduction factor Jout 0.25,1.0
Photofragmentation rate

of large grains Ko™ 0.03, 0.50, 5.00
Grain growth scaling factor kg, cloud™ 500, 1000, 3829
SN dust yields reduction factor SNied 2, 20, 80

Notes. Only those parameters that are varied in this work are listed.
Values from the DV21 reference model are underlined. For the rest
of the parameters, not listed here, we selected the values of the refer-
ence model as presented in DV21 (see their Sect. 6). (¥ See Eq. (4).
) THEMIS model parameters; see Eq. (11) of DV21.

budget has the most significant effect on the present-day position
of galaxies on both the planes studied. A larger assumed Mgy, inic
supplies additional material for galaxies, facilitating the attain-
ment of higher stellar mass. In our models, half of the adopted
initial gas mass is assumed to be in the form of inflows. If we
vary this fraction (not shown here), we observe exactly the same
behaviour as by varying Mg, init. Moreover, younger galaxies
(paler colours) with the same assumed model parameters sys-
tematically have lower M, (left panel) and higher sSFR (right
panel). While in the log,,(sMqus)-log,(M.) diagram the galaxy
age leads to variation in the properties along both the x and y
axes, in the log; (s Mgust)-10g,o(SSFR) diagram, different galaxy
ages correspond mainly to variations along the x axis.

A gas-related parameter (panels of first row) is the fraction of
gas that lies in cold dense clouds (f;; default value is 0.5; As13).
We see in the log (s Maust)-1og; (M) plot that when the fraction
is reduced to f; = 0.03 the galaxy ends up having the same M.,
but slightly lower s M4y The dependence of the sM gy variation
on the f;, seems to be more significant at higher stellar masses
(~0.4 dex lower at log,o(M../Mg) = 11), partially explaining the
dispersion observed by our data in that regime. Similarly with
the M,, in the log,,(sMqus)-log;o(sSFR) diagram, the f. does
not affect the sSFR levels. In the same panels we also vary the
outflow rates and specifically the outflows: reduce param-
eter (here fo,). The outflow rates are defined by Nelson et al.
(2019) and f,y is not considered as a free parameter in DV21.
The architecture of chemevol allows us to vary it though. We
stress that f,,, is a factor that reduces the outflow rate, so by set-
ting it below unity (e.g. 0.25 here), the outflow rate increases.
So, when we increase the outflow rate we get galaxies with
lower M, (by 0.1 to 0.3 dex, depending on Mg, init), as expected,
and lower sMgys (by ~0.3dex). Regarding the log;,(sMaus)—
log,((sSFR) correlation, lower-mass galaxies with a higher out-
flow rate have not only lower sMg, but also a slightly reduced
sSFR. However, in the most massive galaxies, the outflows
affect the sMgy, more significantly, with their impact on the
sSFR being negligible. Generally, f,, affects all the physical
properties examined here more significantly than f, as it leads
to a reduction in the ISM materials available for stellar and
dust formation. A similar behaviour is observed by varying the

A87, page 9 of 16



Paspaliaris, E. D., et al.: A&A, 710, A87 (2026)

log;o(M../Mo)

8 9 10 11 —-11.5 —-11.0 —10.5

log,o(sSFR/yr™!)

-10.0 =95 -9.0

[ ® £, = 0.5 (tef), fou = 1.0 (re
[ W7 =003, fou = 1.0 (refye
[ A fo=05@ef), fou =025

o

[

o

2 -3 °
3 i
3 ]
2 o ]
g°747 o] o ]
- F Mg, 1 PR
T E tgalze.SGyr-
75__Mgz\&.mu:]><mle- ] L tgalflz'SGyr_
P N B L RIS BN AT AP ETErErE B B
[0 L B B L IS (DY L I U IS I I L

@ Ly = 0.03 (ref)
B ki = 0.50
A ki = 5.00

log ;o (sMaust)

el vy b v b b v by ey

ead el

o

[ B kg = 0.5, kgg clous = 1090
[ A i = 5. Kegetoua = 500,

log;o(sMaust)

y T
[ ® ki = 0.03 (tef), kg ctoud = 3820 (re)

A RSN B R A R A

Fig. 5. sMy,y as a function of M, (left panels)
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and the cloud grain growth scaling factor from
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outflow recycling time factor (not shown here). Longer recycling
times lead to lower sMg,y and M,.. Among all the aforemen-
tioned models computed by varying gas-related parameters, the
model for fo,r = 0.25 in intermediate- and low-mass galaxies
is closer to the average values of our data in the log;o(sMqus)—
log,,(sSFR) diagram. However, the gas-related parameters fail
to reproduce low-mass galaxies with low sMgyg, and high sSFR,
as well as high-mass galaxies with low sMg,y and sSFR, in each
of the plots, respectively. This is apparent by the isochrones:
the curves that cross the data points of galaxies with the same
age and parameter configuration, but a different mass (see solid
black lines in Fig. 5). The observed log,,(sMgus)-log,o(M.)
trend of our data for log;,(M./My) = 9 is reproduced by the
isochrones; however, by varying gas-related parameters, we find
that the models systematically overestimate the sMg, com-
pared to the observed values for lower-mass galaxies. In the
case of the log,,(sMaust)-log;o(sSFR) relation, the correspond-
ing isochrones of both young and old low-mass galaxies follow
the observed trend, and the massive galaxies deviate from it.
Apart from the gas-related properties, we also examined the
effects of varying dust-related parameters. In the second row of
panels we vary the THEMIS photofragmentation rate of large a-
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THEMIS (Kg, cloud; third row), and the reference
SFE (fourth row). Solid black lines correspond
to the isochrones.
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C:H/a-C grains (kfr.e). We find that kg, affects the youngest
(7.8 Gyr old) and lowest stellar-mass galaxies. In such objects,
the highest kf,g, 5.00, leads to lower dust content, reducing its
§Mgust by more than an order of magnitude. Young low-mass
galaxies with high photofragmentation rates are the only ones
that occupy the same area as is defined by our low-mass Sm-
Irr galaxies, following the increasing trend in the log;(sMgus)—
log,,(M,) diagram, and lie in the low sMgys — high sSFR regime
in the log,o(sMgus)-log,o(sSFR) diagram. Additionally, if we
decrease the cloud grain-growth scaling factor, kg, cloud, together
with the increase in kg, the dust content varies more signif-
icantly, and a difference in sMg,s is found, for the older low-
mass galaxies as well as for the older high-mass ones (third row
of panels in Fig. 5). Intermediate-mass galaxies are not signif-
icantly affected by either of the two aforementioned parame-
ters. Another dust-related parameter that we explored is SNyq,
a factor that reduces the amount of dust that is formed in SN
and reaches the ISM (for example, because it is destroyed by
the reverse shock within the remnant; see, e.g. Bocchio et al.
2016). However, we do not plot it because SN;.4 only affects the
§M gyt in the very early stages of a galaxy’s evolution, when SNe
dominate dust production. At later stages, such as the ones we
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investigate, when grain growth in a higher-metallicity ISM is
dominant, the properties are not affected by this factor.

Finally, as was mentioned already, the prescription of the
adopted delayed SFH in Eq. (3) allows us to vary the SFE by
assuming a different reference SFE, (see Table 1). Hence, in the
bottom panels of Fig. 5 we compute the models assuming vari-
ous SFEs. We find that less massive galaxies are more sensitive
to changes in the assumed SFE. As is suggested by the mod-
els, galaxies with a fast SFE attain a somewhat higher M, (up to
0.2 dex), and lower sMg,5 and sSFR (up to 0.5 dex and 0.7 dex,
respectively), compared to their counterparts of the same age and
an average SFE. The assumption of a slow SFE has the opposite
effect. Massive galaxies [log;,(M./Mg) = 11] are less affected
by the various SFEs assumed.

Overall, the comparison between the properties of our
observed galaxies and those of the theoretical models indicates
that the observed log,,(sMgust)-log,o(M.) trend can be inter-
preted mainly by varying the initial gas mass in the models,
while the log;,(sMaust)-10og;o(sSSFR) trend is mainly explained
by varying galaxy ages. In general, while gas-related param-
eters similarly affect the galaxies, independent of their age
and mass, low-mass galaxies, especially the younger ones,
are more sensitive to differences in the dust-related model
parameters. Intermediate-mass galaxies are the least sensitive to
different dust-related assumptions and the properties of high-
mass galaxies are not affected by the various assumed SFEs.
The properties of our observed galaxies in the log,,(M./Mg) <
9 and loglo(sSFR/yr_l) > —10 regimes can only be repro-
duced by modelled galaxies with ty, = 7.8 Gyr, high k., and
low kgg, cloud- The model cannot reproduce the observed sM gy
for the latter subset if only gas-related properties or the SFE
are varied. Taking into account the fact that in De Vis et al.
(2017a) this regime is occupied only by their gas-rich low-stellar
mass galaxies (HiGH-low subset), only variations in the dust-
related properties can explain the trends for these objects (not
only the initial low gas mass budget). Moreover, the ETGs (Es
and SOs) could not be reproduced by any of the model con-
figurations that we assumed. In general, the current exercise
also highlights the diversity of galaxy evolution paths and the
need for sophisticated galaxy-by-galaxy modelling approaches,
as is also illustrated by Calura et al. (2023) with a model tai-
lored to M74 (NGC0628, a DustPedia galaxy). The combined
DustPedia-LVL sample can help direct how to constrain such
models.

6. Summary and conclusions

We merged the DustPedia and LVL samples, obtaining a
database of 1011 local galaxies. We estimated the physical prop-
erties of these galaxies through homogeneous SED fitting. We
have shown that the combined sample includes galaxies of all
morphological types, spanning a wide range of masses and star
formation activity, well suited for studying the evolution of the
dust content in the local Universe. Specifically, we studied the
correlation of the s Mg, as a function of M, and sSFR. Our main
results are:

— The trend of log,,(sMqus) versus log,,(M.) is not mono-
tonic. A positive correlation is found for galaxies with
log(M./Mg) < 9.5, and a negative one for higher
masses.

— The peak of the sMy, in local galaxies, and the change in
the slope of the correlation, occurs at log,,(M./Mg) = 9.5.

— The sSFR of high-mass galaxies establishes a strong lin-
ear correlation with sMy,,. However, a large fraction of E

and SO sources lie below the linear trend, in the low-sSFR
regime.

— Low-mass spirals (Sa-Sdm), irregulars, and dwarf galaxies
(Sm-Irr) lie in the high-sSFR regime, with an increased dis-
persion below the linear trend found for high-mass galaxies.

— Grouping the galaxies in bins of stellar mass, we find that
SsMgyst increases for low-mass galaxies that have a high
sSFR, reaching a peak sMgys at log;o(sSFR/yr™!) ~ -9.9. A
similar behaviour is found by grouping the galaxies in bins
of morphological type, with the peak occurring at 0.1 dex
higher log,,(sSFR).

We compared our results with evolutionary models provided in
the literature and models that we computed using the one-zone
dust evolution model of De Vis et al. (2021), by varying specific
free parameters of their reference model. We find that:

— The observed trends in the log;,(sMgust)-10g;o(M,), and the
log,(sMgaust)-log,((sSFR) planes can be interpreted mainly
as the result of different initial gas mass budget and different
galaxy ages, respectively.

— While gas-related parameters influence the positions of
galaxies of all masses and ages in the examined diagrams,
massive old galaxies are not sensitive to SFE variations.
Dust-related parameters more significantly affect low-mass
galaxies (especially the young ones) and the more massive
old galaxies. The properties of intermediate-mass galaxies
are not affected by the different assumptions of dust-related
parameters.

— The observed properties and trends of low-mass and highly
star-forming Sm-Irr galaxies can be reproduced by the mod-
els if we assume a young galaxy age, a high efficiency for the
photofragmentation rate of large grains, and/or a low grain-
growth scaling factor in star-forming clouds.

The combination of DustPedia and LVL constitutes an ideal sam-
ple for studying dust evolution in nearby galaxies and could
be used to constrain chemical evolution models. While a sig-
nificant fraction of DustPedia galaxies have observations avail-
able for the atomic, molecular gas, and metallicity (De Vis et al.
2019; Casasola et al. 2020; Salvestrini et al. 2025), allowing fur-
ther constraints to be set in evolutionary models (see, e.g.
Galliano et al. 2021; De Vis et al. 2021), this is not the case
for LVL. Future observations (or, possibly, literature compi-
lations) of LVL galaxies, including HI 21 cm, '2CO emission
lines, optical spectroscopy, and dust emission up to the submm,
are needed to confirm and better interpret the scaling rela-
tions found in the current study. In particular, observations
with the proposed PRobe far-Infrared Mission for Astrophysics
(PRIMA®; Glenn et al. 2025) will help to better constrain their
total dust budget and properties (see e.g. Casasola et al. 2025;
Galliano et al. 2025).
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Appendix A: Tests on SED fitting

As described in Sect. 3, in this work we fit the SED of LVL
galaxies with CIGALE and the same parameter space used for
DustPedia galaxies by Nersesian et al. (2019). Results from
CIGALE fits are also provided by Dale et al. (2023): they used
the same CIGALE modules as Nersesian et al. (2019) for SFH,
stellar libraries and dust attenuation, but with different choices
for some of the parameters (see their Table 2 for the full CIGALE
set-up). Regarding the SFH module, the grid of Dale et al. (2023)
has a varying age of the burst or quenching episode, but a single
galactic age of 13 Gyr. For the stellar component, the Chabrier
(2003) IMF is used, with BCO3 stellar population models for a
few metallicity values, from sub- to super-solar. In the dust atten-
uation module, a wider and denser range is adopted for the slope
of the power law modifier to the Calzetti law (Leitherer et al.
2002). For the dust emission module, Dale et al. (2023) used
the classical Draine & Li (2007) emission templates, based on a
mixture of silicate and carbonaceous grains (graphite + PAHs),
which were updated by Draine et al. (2014, hereafter DL.14).

In Fig. A.1 we provide a comparison of the values for M,
(left panel), My,s (middle panel) and SFR (right panel) we
derived for all the LVL galaxies (including those overlapping
with DustPedia) using the Nersesian et al. (2019) parametrisa-
tion, and those derived by Dale et al. (2023). The major dif-
ference between the two estimates is for Mg, : the Dale et al.
(2023) estimates - based on DL14 - are systematically higher
than those we derive with the THEMIS dust model, by ~0.42 dex.
This is the same offset estimated by Nersesian et al. (2019),
resulting from the lower emissivity index, 5, and higher fixed
absolute opacity, «(dp), values of THEMIS, that make it more
emissive than DL14. In fact, it is well known that the emissiv-
ities of the Draine & Li (2007) and DL14 templates are biased
to low values (for a discussion, see Galliano et al. 2018, and ref-
erences therein); they are also unable to reproduce the common
benchmark for dust model, i.e. the high-latitude dust emissivity
in the Milky Way (Bianchi et al. 2019).

We would have expected significative differences also in the
estimates of M, and SFR, due to the different IMF choice in
Nersesian et al. (2019) and Dale et al. (2023) - which instead are
not seen in Fig. A.1. Indeed, if we run our fits by assuming the
Chabrier (2003) IMF (adopted by Dale et al. 2023) and leaving
all other parameters unaltered, M, is found to be systematically
lower than with the Salpeter (1955) IMF used by Nersesian et al.
(2019), by 0.25 dex; and SFR by 0.2 dex (similar values can
be found in the literature, see, e.g., Madau & Dickinson 2014;
Bernardi et al. 2018). Yet, the different choice of other param-
eters in the two works also affects the result. In particular,
we verified that the longer galactic age assumed by Dale et al.
(2023, 13 Gyr vs 2-12 Gyr in Nersesian et al. 2019) conjures
with the wider range in the metallicity of the stellar populations
(including subsolar values, while Nersesian et al. 2019, use solar
metallicity only) in raising the mass-to-light ratio of the model:
eventually, the offset due to the IMF is compensated and both the
Dale et al. (2023) and our fits produce similar M, and SFR.

The derivation of the physical properties of galaxies from
the SED does not only depend on the selection of the param-
eter grid in CIGALE, but also on the wavelength coverage. For
instance, Nersesian et al. (2021) shows that the shape and the
wavelength of the FIR-peak of emission at ~100 um, correlate
with dust properties, such as the dust temperature, luminosity
and mass, and also with the dust-to-stellar mass ratio and the
SFR. As already mentioned in Sect. 2, the galaxies in the two
samples are well covered from the FUV to the FIR wavelengths.
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The main difference between them is that the DustPedia galaxies
are observed by Herschel up to 500 wm, while the FIR data of
LVL galaxies are limited to the MIPS 160 um band. In order to
check the impact of the different wavelength coverage, we took
advantage of the 58 galaxies in common between the two sam-
ples, for which we have two set of CIGALE fits on a common
parameter grid: those produced in this work using the LVL pho-
tometry from Dale et al. (2023); those obtained from the Dust-
Pedia photometry by Nersesian et al. (2019).

A comparison between the two CIGALE runs is shown in
Fig. A.2. The change in photometric extent does not affect signif-
icantly the estimates for M, and SFR: the values obtained using
the LVL photometry are close to those for the DustPedia pho-
tometry, within a small scatter (0.08 and 0.03 dex, respectively).
More significant is the scatter for Mgy, a quantity directly
derived from the FIR/submm photometry: the scatter between
the two estimates is = 0.4 dex, with an apparent tendency for
LVL-based estimates to be lower for lower values of Mg, (see
the linear fit in the middle panel of Fig. A.2). In principle, we
could use this fit to correct the My, estimates from LVL pho-
tometry and align them with the DustPedia results: however,
the sample is small and several estimates are uncertain. As an
additional test, we repeated the CIGALE fits of the full DustPe-
dia database, but limiting the photometry to data points with
A < 160um, to mimic the LVL coverage. The comparison is
shown in the central panel of Fig. A.2. The fit of the two esti-
mates is along the one-to-one line, with no significant trend. The
scatter between the two different DustPedia estimates is similar
to that between the estimates with LVL and DustPedia photom-
etry for the 58 galaxies in common. Therefore, the reduced FIR-
submm spectral coverage of LVL galaxies does not affect signif-
icantly the derivation of the physical properties discussed in this
work, thereby allowing for the integration and joint examination
of DustPedia and LVL.

Appendix B: Correlation with morphology

The dependence of global parameters for DustPedia galaxies,
such as M., My,s, and SFR, with morphological type is explored
in Nersesian et al. (2019). In that study, the median values of the
parameters, per Hubble stage bin, are computed and then fitted
by a 5" order polynomial, providing the average trend of how
the parameters change with morphology (see their Figs. 6, 7,
and Table D.1). We apply here the same methodology to the
combined sample (DustPedia+LVL) covering a wider range of
stellar masses. In Fig. B.1 we plot the polynomial fits for the
physical properties examined in the current work. As can be seen
in the top and middle panels, M, and sMg,s vary on average by
two orders of magnitude across different morphologies, while
the sSFR variation is ~2.5 orders of magnitude. The maximum
of the M, is for the E galaxies, with another local maximum at
T =~ 1 (Sa galaxies). In the sMg,s the maximum is found at
T = 6 (Scd). The maximum sSFR is found for Irr galaxies, and
in general LTGs with 5 < T < 10 have two orders of magni-
tude higher sSFR than earlier-type galaxies with -5 < 7 < —1.
The estimated values of the coefficients of the polynomial regres-
sion of each property are provided in Table B.1. These recipes
allowed us estimate the values of M., sMgy,, and sSFR for a
galaxy of a given Hubble stage (7). We thus use them to inspect
the variation in the correlations investigated [i.e. log,o(sMgust) —
log,((M./Mo), Fig. 2; log,,(sMaus) — loglo(sSFR/yr‘l), Fig. 3]
as a function of the morphological stage (see Sect. 4).

The dependence of the correlations on morphology are also
traced by performing linear fitting to the galaxies grouped in
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Fig. A.1. Comparison between the physical properties of LVL galaxies, derived using the CIGALE parameter space used in this work (introduced in
Nersesian et al. 2019) and those of Dale et al. (2023). Stellar mass, dust mass and SFR are shown in the left, middle and right panel, respectively. A
black-dashed line indicates the one-to-one relation. In the middle panel, a dark-red dash-dotted line shows the y= x - 0.42 relation; for 50 objects,
Dale et al. (2023) only provide upper limits for My,s, which are indicated with a different symbol.
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Fig. A.2. Comparison between the physical properties of galaxies in common between the DustPedia and LVL samples, derived from DustPedia
photometry (x axis) and LVL photometry (y axis) and using the CIGALE parameter space adopted in this work. Stellar mass, dust mass and SFR are
shown in the left, middle and right panel, respectively. A solid black line indicates the one-to-one relation. For both datasets we used the DustPedia
distances (Clark et al. 2018). In the middle panel, the linear fit to the data is shown with a dark-red dashed line. Also, a density plot indicates

the corresponding correlation for all DustPedia galaxies, where in the y

axis we use the dust masses derived by restricting the photometry to the

wavelength range of LVL (i.e. up to 160 um), while in the x axis we use the results derived from the full DustPedia wavelength coverage.

morphological bins. In Fig. B.2 we plot the log,o(sMgust) —
log,o(M./Mp) and log;,(sMqus) — loglo(sSFR/yr‘l) relations,
with data points colour-coded according to Hubble stage, and
with the best-fit models for each morphological bin overplot-
ted. For both investigated correlations, a dependence on the
morphology is found. Scd-Sdm and Sm-Irr galaxies show a
positive log;,(sMqust) — log;o(M./Mg) correlation (steeper for
the latter ones), while the other four morphological bins have
a negative correlation (steeper for SOs). The log,o(sMaust) —
log,o(sSFR/yr™!) correlation is positive for all morphological
bins, with the slope getting steeper towards earlier Hubble stages
(from Scd-Sdm to E); exception is the Sm-Irr bin which has a
steeper relation than the Scd-Sdm galaxies.

The statistics per morphological bin, along with the fit-
ting parameters and the correlation coefficients, are listed in
Table B.2. Despite some morphological types (like E) has large
fractions of uncertain measures, the correlations are found to
be statistically significant in all cases; following the procedures
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described in Sect. 5.2 of Bianchi et al. (2018), we also tested
that none of them is driven by the presence of the same quan-
tity on both axis (like, e.g., M. being used for the x axis and
for the derivation of sMg,s in the y axis). In both correla-
tions, the largest dispersion is found for E galaxies (0.67 and
0.61, respectively), and the smallest for Sb-Sc galaxies (0.21 and
0.18, respectively). According to the correlation coefficients, the
strongest linear and monotonic log;o(sMqus) — 1og;o(M./Mo)
correlation is found for the ellipticals (op = ps = —0.52). It
is worth mentioning that if we take into account only the more
certain estimates (filled circles), the correlation for Sm-Irr galax-
ies improves significantly (op = 0.61, ps = 0.65). In the case
of the log;o(sMgust) — loglo(sSFR/yr’l) relation, apart from the
Scd-Sdm and Sm-Irr galaxies, for the rest of the morphologi-
cal bins the correlation is found to be significant and monotonic
(op > 0.5, ps > 0.4). Finally, it is worth pointing out that in the
combined DustPedia-LVL sample, all Hubble type bins consist
of a statistically significant number of galaxies.
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Table B.1. Recipes to estimate the integrated physical properties of galaxies given their Hubble stage (7).

y=ao+a T+ a2T2 + a'3T3 + a4T4 +asT?

y Qo 231 [¢%] 3 4 as
log,o(M./Mo) 10.29 £ 0.10 0.149 £ 0.041 0.04 +£0.01 (-5.75 £1.82) x 1073 (14.13 £5.74) X 1074 (—-8.04 £4.39) x 107
log,o(sMgust) -3.95+0.07 0.22+0.03 0.01+0.01 (-1.35+1.16) x 1073 (=4.01 £ 3.65) x 10™* (2.35 +£2.79) x 1073

log,o(sSFR/yr™!) —11.47 £ 0.08 0.34 +0.033 0.02 £ 0.014 (=5.65 + 1.47) x 1073 (=242 + 4.63) X 10~ (4.20 + 3.54) x 10~

Table B.2. Best-fit parameters for the correlations examined in Figs. 2 and 3, for different morphological-type bins.

loglo(SMdust) - loglo(M* /Mo) 10g10(stust) - loglo(SSFR)
Hubble type T N. galaxies a b o PP Ps a b o PP Ps
E [-5.0,-3.5) 74 -o.zszg;gé -1.73;%%2 0.67;%% -0.52 -0.52 0.54;§;(}§ 1.89;5)% 0.61’£§:(8)§ 0.52 0.49
SO [-3.5,0.5) 210 —0.3678:86 '0'50*836? 0.53_8;8»% -0.35 -0.37 0.45_8;83 112040 0.38_8;8% 0.69 0.71
Sa-Sab [0.5,2.5) 95 -0.17+00> -1.88*0>1 0337002 -0.26 -0.36[0.31700 -0.157032 0.21*0%2 0.71 0.70
Sb-Sc [2.5,5.5) 207 -0.15j§?§$ -1.58j§f§§ 0-21t§f§i -0.08 -0.32 0.26t§f§§ -0.49j§f§§ 0.18j§f§§ 0.54 0.41
Scd-Sdm  [5.5,8.5) 205 0'22f§3§1 -4.98j8:3? 0'3“818% 047 0.26 o.15f8;8g -1.44f8;7§ o.33f8;8% 0.16 0.19
Sm-Irr (8.5,10.0] 220 0.29+00% 5.77+031 043003 0.33 0.45 |0.18*0% -1.62°07% 0.48*00 0.21 0.23

Notes. Slope a, intercept b, dispersion o, Pearson’s correlation coefficient pp, Spearman’s correlation coefficient ps.
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Fig. B.1. Variation in M., sMy,s, and sSFR as a function of Hubble
stage, from fop to bottom panel, respectively. In each panel grey circles
correspond to individual galaxies, black squares are the median values
for each morphological bin. Error bars bracket the range between the
16™M and 84™ percentiles from the median. The curves, colour-coded
with morphology (such as the data points in Figs. 2 and 3), are the fifth-
order polynomial regressions to the median values (see Table B.1 for
the polynomial regression parameters).

Appendix C: Comparison with De Looze et al.
(2020)

De Looze et al. (2020) analysed the combined JINGLE, HRS,
KINGFISH, HAPLESS and HIGH sample and found an off-
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Fig. B.2. sMy. as a function of M, (top panel) and sSFR (bottom
panel). Colour-coding is same as in right panels of Figs. 2 and 3. The
best linear fits to each morphological bin is shown with the correspond-
ing colour (see the fitting parameters in Table B.2).

set between their log;,(sMgust)-log,o(M,) relation and that of
Casasola et al. (2020) for DustPedia galaxies. Since both works
used the same dust model, THEMIS, the offset was attributed
to a selection effect, with the dataset of De Looze et al. (2020)
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Fig. C.1. Comparison between the physical properties of KINGFISH galaxies as used in the analysis of De Looze et al. (2020) and those from
DustPedia (this work). M., Mg, and SFR are shown in the left, middle, and right panels, respectively. A solid black line indicates the one-to-one
relation and dark-red dash-dotted lines show the systematic offsets (if any). Errors for M, and SFR for the De Looze et al. (2020) data points are
not shown, because they are not available in the table they use (from Hunt et al. 2019).

including more distant (thanks to JINGLE) and dustier galax-
ies. The analyses of De Looze et al. (2020) and Casasola et al.
(2020) also differed in the way stellar masses and SFRs were
derived: while the latter used the CIGALE fits of Nersesian et al.
(2019) that are also adopted in the current work, the former
study by De Looze et al. (2020) derived M, and SFR using the
Multi-wavelength Analysis of Galaxy Physical Properties code
(MAGPHYS; da Cunha et al. 2008).

The large overlap between our datasets (DustPedia-LVL
includes about half of the galaxies analysed by De Looze et al.
2020, see Sect. 2.3) should allow to investigate if the offset is due
to selection effects or to different assumptions in the modelling.
However, while De Looze et al. (2020) provide Mg,s for the
whole sample, they refer to the literature for M, and SFR; these
quantities are available in a tabulated format only for KING-
FISH, in Huntet al. (2019). The comparison for KINGFISH
galaxies is shown in Fig. C.1. As expected, there is no systematic
offset in My, between our results and those of De Looze et al.
(2020). Instead, our M, are found to be larger by 0.3 dex, and
SFR by 0.37 dex. These systematic offsets are likely due to the
differences between the CIGALE and MAGPHYS parametrisation,
among which the different choice for the IMF, since MAGPHYS
uses Chabrier (2003, see also Appendix A).

When showing the results of De Looze et al. (2020) in
Figs. 2 and 3 we thus applied these offset to their quantities: 0.3
dex for M., -0.3 dex for sMgy, and -0.07 dex for sSFR. After
these corrections, the results of De Looze et al. (2020) become
fully compatible with those of Casasola et al. (2020) and our
work.
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