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A B S T R A C T 

We introduce a new, multizone chemical evolution model of the DustPedia galaxy M74, calibrated by means of Markov Chain 

Monte Carlo methods. We take into account the observed stellar and gas density profiles and use Bayesian analysis to constrain 

two fundamental parameters characterizing the gas accretion and star formation time-scale, i.e. the infall time-scale τ and the 
SF ef ficiency ν, respecti vely, as a function of galactocentric radius R . Our analysis supports an infall time-scale increasing with 

R and a star formation efficiency decreasing with R , thus supporting an ‘Inside-Out’ formation for M74. For both τ and ν, we 
find a weaker radial dependence than in the Milky W ay. W e also investigate the dust content of M74, comparing the observed 

dust density profile with the results of our chemical evolution models. Various prescriptions have been considered for two key 

parameters, i.e. the typical dust accretion time-scale τ 0 and the mass of gas cleared out of dust by a supernova remnant, M clear , 
regulating the dust growth and destruction rate, respectively. Two models with a different current balance between destruction 

and accretion, i.e. with an equilibrium and a dominion of accretion o v er destruction, can equally reproduce the observed dust 
profile of M74. This outlines the de generac y between these parameters in shaping the interstellar dust content in galaxies. Our 
methods will be extended to more DustPedia galaxies to shed more light on the relative roles of dust production and destruction. 

Key words: dust, extinction – galaxies: individual (NGC 0628) – galaxies: star formation. 
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 I N T RO D U C T I O N  

n the last few decades, infrared observations at low and high redshift
pened our view to a complete characterization of the coldest compo- 
ents of galaxies. Major results were possible due to Spitzer (Werner 
t al. 2004 ) and Herschel (Pilbratt et al. 2010 ) space telescopes,
undamental far-infrared (FIR) probes that allowed the characteriza- 
ion and understanding of the obscured star formation in local and 
istant galaxies (e.g. Rodighiero et al. 2010 ; Gruppioni et al. 2013 ).
oreo v er, due to the Atacama Large Millimetre/submillimetre Array 

ALMA), we now know that at high redshift, galaxies had higher 
olecular gas fractions than local ones (e.g. Tacconi et al. 2010 ;
erta et al. 2013 ). These results opened a ne w vie w to the critical

mportance of detailed studies of the cold interstellar medium (ISM), 
oth in the form of neutral and molecular gas. In addition to being
icher in cold gas and therefore most actively star-forming, we 
o w kno w also that galaxies at the peak of star formation were
ignificantly dustier than at the present time. Infrared (IR) probes 
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i  

e  

b  

2023 The Author(s) 
ublished by Oxford University Press on behalf of Royal Astronomical Society 
nabled the accounting of the majority of star formation in the
niverse, emphasizing the fundamental role played by interstellar 
ust in galaxy evolution. Beside containing fundamental information 
n the evolutionary path of galaxies, the presence of cosmic dust
ffects a multitude of astrophysical processes, as it is one main
ontributor of the opacity of the gas, crucial for the formation of stars
n molecular clouds. Moreo v er, dust grains represent efficient catalyst
or the formation of molecular hydrogen, as their surfaces are the
deal environment for such process to occur (Gould & Salpeter 1963 ;
erets et al. 2005 ; Gavilan et al. 2014 ). None the less, dust influences

he spectral properties of galaxies across an extremely vast range of
avelengths. The most important effect of dust grains consists in 

he re-processing of electromagnetic radiation. This process consists 
n the absorption of ultraviolet and optical light, thus making dust
he main physical responsible for interstellar extinction, and in its 
hermal re-emission in the infrared band. 

For a galaxy with average properties like the Milky Way (MW), it
as been estimated that up to a half of the radiation emitted by its stars
s re-processed by interstellar dust (Popescu & Tuffs 2002 ; Davies
t al. 2017 ). Since the short-wavelength light is mostly contributed
y young massive stars, the IR emission of dust is regarded as one
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ajor tracer of star formation, in particular in regions where the UV
mission is obscured. 

Interstellar dust is also an important repository of metals, as it
an incorporate heavy elements with particular properties into the
olid phase, subtracting them from the interstellar gas phase, in a
echanism called dust depletion. These elements, called refractory,

nclude abundant chemical species such as Fe, Si, Ca, Mg, and C.
ost of our knowledge of the nature of dust grains comes from
alactic observations and from nearby galaxies, where accurate
easurements of the IR luminosity can be performed and in which

he spatial distribution of dust can be explored in great detail. The
ocal Uni verse of fers a great v ariety of morphologically complex,
hemically evolved galaxies where key properties such as stellar, dust
nd gas masses, chemical abundances, star formation rates (SFRs)
an be measured. 

A recent observational program aimed at the comprehensive study
f the cold gas and dust content of local galaxies is represented
y the DustPedia 1 project (Davies et al. 2017 ; Clark et al. 2018 ;
e Vis et al. 2019 ; Nersesian et al. 2019 ; Casasola et al. 2020 ).
ustPedia includes all nearby galaxies that have been observed with

he Herschel Space Observatory and for which multiwavelength
bserv ations are av ailable, in a spectral range that extends from
he UV to the far-IR. The DustPedia sample probes a range of
undamental intrinsic – such as gas, stellar, and dust fractions –
nd environmental properties, as it contains galaxies that reside in
he field and in clusters (Davies et al. 2019 ). 

One major innov ati ve result possible due to the richness of this
ample concerns the detailed study of spatially resolved scaling
elations, such as the galactic Main Sequence (between SFR and
 ∗, e.g. Elbaz et al. 2007 ; Noeske et al. 2007 ; Popesso et al. 2019a ,

 ) and the Schmidt–Kennicutt relation (Schmidt 1959 ; Kennicutt
998 ), between SFR and molecular gas surface densities, presented
n Morselli et al. ( 2020 ), Enia et al. ( 2020 ), and Casasola et al. ( 2022 ).

Such broad range of available properties has enabled a series
f theoretical studies aimed at using various approaches to create
ealistic galaxy evolution models, including numerical simulations.
ust has been rarely modelled in simulations, due mostly to the large
umber of parameters involved in its production and its uncertainty.
espite the significant progress experienced by these models in

he last few years (McKinnon et al. 2017 ; Aoyama et al. 2018 ;
jergo et al. 2018 ; Hou et al. 2019 ; Granato et al. 2021 ), their high

omputational cost renders the study of the parameter space of dust
roduction and destruction problematic. The post-process modelling
f some properties, like galactic spectra, is a valuable alternative,
ike in the recent comparison of the spectral energy distributions
SEDs) and physical properties of simulated and observed galaxies of
r ̌cka et al. ( 2020 ). One problem with the post-processing approach

s that it does not allow a self-consistent modelling of the main
roperties of interstellar dust, such as the evolution of its mass and
omposition, which by construction cannot be derived directly from
he star formation and chemical evolution history of the simulated
alaxies. Cosmological semi-analytic models for galaxy formation
re a viable alternative to hydrodynamical simulations (Baugh 2006 ).
ome of them include dust production (Valiante et al. 2011 ; Popping,
omerville & Galametz 2017 ; Vijayan et al. 2019 ; Triani et al.
020 ; Dayal et al. 2022 ) and they allow a quicker exploration of
he parameter space than hydrodynamic simulations, still within a
osmological context. A less computationally expensive approach
o theoretical galaxy evolution is represented by chemical evolution
odels (Tinsley 1980 ; Pagel 1997 ; Matteucci 2021 ). Even if in a non-
NRAS 523, 2351–2368 (2023) 
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f  

e  
osmological context, these tools allow one to trace the evolution of
he abundances of a set of chemical elements in a parametric fashion,
n that the star formation and gas accretion history are not modelled
irectly but parametrized via a set of semi-analytic recipes. From
he computational point of view these models are very light and
ast to run, therefore they allow a rapid and detailed investigation of
he parameter space. The results of chemical evolution models have
een found to be in good agreement with the ones of cosmological
odels, in particular regarding the abundance pattern of stars in the
W (Colavitti, Matteucci & Murante 2008 ; Calura & Menci 2009 ;

pitoni et al. 2019 ). Efficient developments related to the use of
uch models have been possible due to their match with methods for
ayesian analysis. Such methods are nowadays used in several areas
f astrophysics, including cosmology (Dunkley et al. 2005 ), studies
f the propagation of cosmic rays (Putze, Derome & Maurin 2010 ),
nd of local active galactic nuclei (Reynolds et al. 2012 ), MW dwarf
atellites (Ural et al. 2015 ), semi-analytical models of galaxy forma-
ion (Kampakoglou, Trotta & Silk 2008 ; Henriques et al. 2009 ), and
alactic chemical evolution models (e.g. C ̂ ot ́e et al. 2016 ; De Looze
t al. 2020 ; Spitoni et al. 2020 ). The current applications have been
arried on to study mainly the MW, as it represents the best-studied
alaxy from the point of view of the properties of the stellar pop-
lation and chemical abundances in their main components. In this
aper, we are interested in the modelling of the spatial distribution
f interstellar dust on galactic scales, for which an external, nearby
alaxy is more suited than the MW. The DustPedia galaxy M74
NGC 0628) is an optimal target for our study, since it is observed
early face-on, hence it permits a very detailed mapping of a few
undamental features, such as the gas, stellar, and dust density profiles
Casasola et al. 2017 ). In this paper, we use a Bayesian approach
o build a multizone chemical evolution model tailored to M74.
pecifically, our aim is to study the spatial distribution and internal
ariations of the the gas, stellar, and dust components of this system.

This paper is structured as follows. In Section 2 , we present the
ain observational properties of the target galaxy. In Section 3 , we

resent the basic ingredients of the chemical evolution model used
n this study and our Bayesian fitting procedure. In Section 4 , we
resent our results and a discussion of them, whereas in Section 5 ,
e present our conclusions. 

 T H E  G A L A X Y  N G C  6 2 8  (A .  K .  A .  M 7 4 )  

he data used in this work have been presented in Morselli et al.
 2020 ) (M20) and Enia et al. ( 2020 ) (E20) and are based on
ultiwavelength observations of five nearby face-on spiral galaxies

elonging to the DustPedia sample. DustPedia is a catalogue of
75 local systems, built originally with the purpose of studying
he properties of dust in nearby galaxies of various morphological
ypes. DustPedia includes every galaxy observed with the Herschel
nstrument within ∼30 Mpc distance from the MW and with a
iameter > 1 arcmin. In E20, a coherent sample of galaxies with
 ‘grand-design spiral’ structure was presented, characterized by
ubble stage index T between 2 and 8 (de Vaucouleurs et al. 1991 ;
orwin, Buta & de Vaucouleurs 1994 ) and a diameter > 6 arcmin.
GC 628 (also known as M74) is observed nearly face-on (the

nclination is 19.8 ◦) and at a distance of 10.14 Mpc (E20). This
alaxy has a uniform wavelength coverage, distributed across more
han 20 observational bands and optimal for estimating the physical
arameters analysed in this paper, i.e. the stellar, gas, and dust surface
ensities. 
E20 presented a set of multiwavelength images of M74, ranging

rom the far -ultra violet and obtained with the GALaxy Evolution
Xplorer (GALEX; Morrissey et al. 2007 ) to the FIR, i.e. at 250 μm

http://dustpedia.astro.noa.gr/


MCMC chemical evolution and DustPedia 2353 

Figure 1. Left: observed dust mass map of M74. In each pixel, the dust mass was derived with the methods described in Section 2 . Right: observed stellar and 
gas surface density profiles (upper panel) and dust density profile (bottom panel) of M74. The data used for the calculation of the profiles are from Morselli 
et al. ( 2020 ) and Enia et al. ( 2020 ). 
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nd obtained with the Herschel Space Observatory (Pilbratt et al. 
010 ), showing a clear, regular spiral pattern, appreciable across four
rders of magnitudes in wavelength (see their fig. 1). The physical 
roperties of M74 were determined by performing a pix el-by-pix el 
ED fitting, on scales between 0.39 and 1.5 kpc. A grid of square
ells of 8 arcsec × 8 arcsec was constructed and, in each cell and
t each wavelength, a measure of the flux was derived. A second
eparation in cells of fixed physical size (1.5 × 1.5 kpc) was also
erformed for further check of the SED fitting quality and to validate
he method (for further details, see E20 and M20). The flux in every
vailable photometric band from UV to f ar-IR w as then obtained,
long with the relative errors and the associated astrometric positions 
f the cell centres. In the SED fitting procedure, only cells with
o more than five undetected bands were included. The discarded 
ells are mostly located in the outermost parts of galaxies. SED
tting was performed with the publicly available code MAGPHYS 

da Cunha, Charlot & Elbaz 2008 ), optimal for panchromatic SED
odelling of local galaxies (e.g. Viaene et al. 2014 ) and of resolved,

ub-galactic regions (Smith & Hayward 2018 ). MAGPHYS allows 
o simultaneously model the emission observed in the UV-to-FIR 

egime assuming that the whole energy output is balanced between 
he radiation emitted at UV/optical/near -infrared wa velengths and 
he amount absorbed by dust and then re-emitted in the FIR. The
hysical scales probed in this work (0.39 kpc) are such that the
nergy-balance criterion holds (E20 and references therein). In the 
nergy-balance criterion between stellar and dust emission, the UV- 
ptical photons emitted by young stars are absorbed (and scattered) 
y dust grains in star-forming regions and more diffuse parts of the
SM, and the heated dust then reradiates the absorbed energy in the IR
e.g. Miettinen et al. 2017 ; Bianchi et al. 2018 ). The energy-balance
riterion holds on scales in which the visible stellar component is co-
patial with the obscured, dust-emitting component of a star-forming 
egion. This physical scale, typically of 200–400 pc (E20; M20), 
appens to be of the same order or abo v e the re gion size where
 ‘molecular star formation law’ can be observationally retrieved, 
.e. where the scaling between the averaged molecular gas surface 
ensity and the SFR is � SFR ∝ ( � H2 ) N , with N ∼ 0.5–1.5 (e.g. Bigiel
t al. 2008 ; Schruba et al. 2010 ; Casasola et al. 2015 ), i.e. where the
chmidt–Kennicutt law holds (Khoperskov & Vasiliev 2017 ). The 
ixel size of M74 is at the upper edge of this condition, but still
uitable for these purposes. 

By means of a Bayesian approach, the code determines the poste-
ior distribution functions of various physical parameters by fitting 
he observed photometric data to the modelled emission. The latter is
alculated from a set of native libraries composed of 5 × 10 4 stellar
opulation spectra, with varying star formation histories and derived 
rom the Bruzual & Charlot ( 2003 ) spectral library. Such library
llows for a uniform exploration of a few fundamental parameters, 
uch as stellar age, star formation time-scale, and metallicity. The 
tellar emission libraries are associated with 5 × 10 4 two-component 
EDs (Charlot & Fall 2000 ; da Cunha et al. 2008 ), which take into
ccount the emission from stellar birth clouds and the diffuse ISM.
ED fitting on the integrated photometry of the DustPedia data was
lso performed (E20), as a further validation of the analysis and to
erive large-scale properties of the galaxy, such as total SFR and the
as mass. The stellar and dust mass values obtained in each cell were
irectly taken from the MA GPHYS outputs. MA GPHYS models the
ust emission as the sum of two components, the one coming from
tellar birth clouds (e.g. polycyclic aromatic hydrocarbon, mid-IR 

ontinuum, and grains in thermal equilibrium) and a colder one from
he ambient ISM (da Cunha et al. 2008 ). 

As for the gas mass, in each cell we consider that it is given by
he sum of the neutral and molecular gas mass, including also the
elium contribution. The neutral hydrogen mass surface densities 
ave been obtained from the 21 cm maps in the framework of the
HINGS surv e y (The H I Nearby Galaxy Surv e y; Walter et al. 2008 )
erformed with the Very Large Array (VLA), with a 6 arcsec and 10
rcsec resolution in the robust and natural weighting, respectively. 
he neutral gas surface density has been estimated from equation 5
f Walter et al. ( 2008 ). The molecular gas surface density has been
omputed by means of 12 CO(2-1) intensity maps obtained in the 
ERACLES surv e y (The HERA CO-Line Extragalactic Surv e y;
eroy et al. 2009 ), performed with IRAM 30 with an angular

esolution of 11 arcsec. 
We defer to M20 for further details on the methods used for

stimating the neutral and molecular gas mass in M74. Fig. 1 shows a
MNRAS 523, 2351–2368 (2023) 

art/stad1316_f1.eps


2354 F. Calura et al. 

M

d  

d

3

T  

d  

t  

e  

s  

w  

e
 

m  

g  

e  

M

G

I  

t  

a  

f  

t  

S

ψ

w  

f  

r  

m  

s  

s  

o  

e
 

f  

w  

f  

f  

m  

G  

s  

a  

i  

i  

n  

e

G

w  

m  

τ  

M  

d  

o
 

r  

p  

t  

Z  

g  

s  

t  

l  

t  

o  

r  

r  

2  

t
 

i  

m
 

e  

t  

l  

w  

o  

t  

s  

m  

i  

M  

D  

2  

n  

p  

o

3

T  

b  

b  

e
 

t  

p

P

w  

p  

o  

s  

p  

N  

 

g  

g  

t  

c  

f  

a  

G  

r  

S  

b  

a  

P

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/523/2/2351/7157125 by guest on 24 April 2024
ust mass map (left) and estimates of the stellar, gas, and dust surface
ensity profiles (right) of M74. 

 M O D E L  DESCRIPTION  

he chemical evolution model used in this paper was originally
eveloped to study the abundance pattern of the MW (e.g. Mat-
eucci & Francois 1989 ; Grisoni, Spitoni & Matteucci 2018 ; Palla
t al. 2020b ). We implicitly assume that the baryonic mass of any
piral galaxy is dominated by a thin disc of stars and gas, in analogy
ith the MW. The disc is composed of several independent rings,

ach 1 kpc-wide, without exchange of matter between them. 
In chemical evolution models, the time-evolution of the fractional
ass of the element i in the gas within a galaxy and at the

alactocentric radius R , G i ( R , t ) is described by the following
quation (here in compact form, for the extended form see, e.g.
atteucci 2012 ): 

˙
 i ( R, t) = −ψ( R , t) X i ( R , t) + R i ( R, t) + Ġ i, inf ( R, t) . (1) 

n equation ( 1 ), G i ( R , t ) = X i ( R , t ) G ( R , t ), where X i ( R , t ) represents
he abundance (in mass) of the element i (for which, the sum o v er
ll elements in the gas is equal to unity) and G ( R , t ) is the total gas
raction. The quantity ψ( R , t ) is the SFR, namely the amount of gas
urning into stars per unit time. This quantity is expressed by the
chmidt–Kennicutt relation (Schmidt 1959 ; Kennicutt 1998 ) law: 

 ( R, t ) = ν� gas ( R, t) K , (2) 

here K = 1.5, � gas is the gas surface density and ν is the star
ormation efficiency (in Gyr −1 ), assumed to be a function of the
adius R and parametrized as described later in Section 3.1 . The
oti v ation for assuming a radius-dependent SF efficiency is that, as

hown in a few previous studies, it is not possible to reproduce some
pecific observables of the MW, such as the abundance gradients
bserved in the disc, assuming a constant SF efficiency (Colavitti
t al. 2009 ; Grisoni et al. 2018 ; Palla et al. 2020b ). 

The quantity R i ( R, t) is the returned fraction of matter in the
orm of an element i restored by stars into the ISM through stellar
inds, Type Ia and Type II supernova (SN) explosions and computed

rom the nucleosynthesis prescriptions. In this work, we assume
or low- and intermediate-mass stars (LIMS, i.e. stars with initial
ass m < 8M �) the stellar yields calculated by van den Hoek &
roenewegen ( 1997 ), whereas for core-collapse (CC) and Type Ia

upernova (SNe) we adopt the prescriptions of Fran c ¸ois et al. ( 2004 )
nd Iwamoto et al. ( 1999 ), respectively, with a Scalo ( 1986 ) stellar
nitial mass function (IMF). By means of our adopted set of yields it
s possible to reproduce the chemical abundance pattern of the solar
eighbourhood (e.g. Spitoni et al. 2019 ; Vincenzo et al. 2019 ; Palla
t al. 2022 ). 

The third term in equation ( 1 ) is the infall rate, expressed as 

˙
 i, inf ( R, t) = A ( R) X i, inf ( R) e −

t 
τ ( R) , (3) 

here X i, inf is the abundance of the element i in the infalling
aterial, assumed of primordial composition. The infall time-scale
( R ) is determined from the available observational constraints of
74 by means of the Markov Chain Monte Carlo (MCMC) analysis

escribed in Section 3.1 . The quantity A ( R ) is determined from the
bserved total surface mass density profile of M74. 
In our model, we assume that spiral galaxies do not expe-

ience galactic winds. In general, galactic winds are known to
lay an important role in galaxy evolution and the modelling of
his process is a very active field (e.g. Somerville & Dav ́e 2015 ;
NRAS 523, 2351–2368 (2023) 
hang 2018 ). A plethora of models have shown that when proto-
alaxies are small and are characterized by shallow potential wells,
trong feedback activity resulting from intense star formation can
rigger massi ve outflo ws, in which the dense star-forming gas can
eave the parent galaxy (Naab & Ostriker 2017 and references
herein). In cosmological simulations, the generation of massive
utflows is important to a v oid the o v erproduction of stars, to
emo v e low angular momentum-material and thus for producing
ealistic discs (Brook et al. 2011 ; Marinacci, Pakmor & Springel
014 ; Murante et al. 2015 ; Vogelsberger et al. 2020 and references
herein). 

Also observations of local discs show that they still have an
mportant role, and that they can be described by biconical flows of

ultiphase gas and dust perpendicular to the galaxy (Rupke 2018 ). 
Our assumption of neglecting the effects of winds in the long-term

volution of a massive galactic disc is supported by other models
hat include the evolution of the infall and outflow rates of MW-
ike disc galaxies, showing that the latter are generally sub-dominant
ith respect to the former (Toyouchi & Chiba 2015 ). Furthermore,
ur assumption is strengthened by the fact that a large fraction of
he material ejected through outflows is later reaccreted. This is
upported by cosmological simulations of galactic discs of different
ass, which confirm that the majority of the mass ejected by the disc

n galaxies with virial mass > 10 11 M � (encompassing the mass of
74) is reaccreted (Christensen et al. 2018 , see also Oppenheimer &
a v ́e 2008 ; Da v ́e, Finlator & Oppenheimer 2011 ; Hopkins et al.
023 ). Note that our non-cosmological models for galactic discs do
ot exclude that winds may have an important role in their low-mass
rogenitors at early times, as shown by the history of the MW and
f its building blocks (Vincenzo et al. 2019 ). 

.1 The best model of M74 through Bayesian analysis 

he best-fitting chemical evolution model of M74 has been obtained
y means of a Bayesian analysis based on MCMC methods. We
riefly recall our main assumptions and refer the reader to Spitoni
t al. ( 2020 ) for a more detailed description of the fitting method. 

In the context of parameter estimation, Bayes’ theorem enables
he calculation of the posterior probability distribution (PPD) of the
arameters, as expressed by 

 ( � | x ) = 

P ( � ) 

P ( x ) 
P ( x | � ) , (4) 

here x represents the set of observables, � the set of model
arameters, P ( x | � ) ≡ L the likelihood, defined as the probability
f observing the data given the model parameters. In this work, the
et of observables is represented by the stellar and gas surface density
rofiles at the present time, respectively, � � and � gas , computed o v er
 = 14 radial bins (see the right panel of Fig. 1 ), i.e. x = { � � , � gas } .
In this study, we statistically constrain the behaviour of the

as accretion time-scale and the the star formation efficiency with
alactocentric radius. The assumptions of radial-dependent infall
ime-scale and SF efficiency have been widely adopted in previous
hemical evolution models. In the framework of the inside-out model
or the formation of the MW, Matteucci & Francois ( 1989 ) introduced
 radius-dependent time-scale for the exponential infall rate of the
alactic disc, increasing linearly as a function of the galactocentric

adius (see also Romano et al. 2000 ). On the other hand, a variable
F efficiency as a function of galactocentric radius was introduced
y Colavitti et al. ( 2009 ) as an additional mechanism to explain the
bundance gradients in the MW disc (see also Spitoni et al. 2015 ;
alla et al. 2020b ). 
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In our approach, we consider a set of four free parameters � =
 A , B , C , D } , in the following two equations: 

[Gyr] = A · R + B (5) 

nd 

[Gyr −1 ] = 

C 

R 

+ D . (6) 

To define the likelihood in equation ( 4 ), we assume that the
ncertainties on the observables are normally distributed. In this 
ase, the logarithm of the likelihood can be written as 

ln L = −
N ∑ 

n = 1 

ln 

⎛ 

⎝ ( 2 π ) d/ 2 
d ∏ 

j= 1 

σn,j 

⎞ 

⎠ − 1 

2 

N ∑ 

n = 1 

d ∑ 

j= 1 

(
x n,j − � n,j 

σn,j 

)2 

,

(7) 

here N = 14 is the number of radial bins, x n , j and σ n , j are the
easured value and associated uncertainty , respectively , of the j -th

bservable and in the n -th radial bin, whereas � n , j is the theoretical
 -th mass surface density (i.e. for the gas or stars) at the present day
n the n -th radial bin, with d = 2. 

The calculation of the PPD defined in equation ( 4 ) requires the
pecification of the priors on the four model parameters. In our 
ampling of the PPD, for all the parameters we consider a flat prior in
he range ( −50, + 50); only combinations that lead to positive τ and ν
re admitted. The affine invariant MCMC ensemble sampler, ‘ emcee : 
he mcmc hammer’ code 2 (Goodman & Weare 2010 ; Foreman- 

ackey et al. 2013 ) has been used to sample the PPD. 

.2 Dust evolution prescriptions 

n this work, we adopt the same formalism used in previous works
hich included the chemical evolution of dust in galaxies of various 
orphological types (Dwek 1998 ; Calura, Pipino & Matteucci 2008 ; 
ioannini, Matteucci & Calura 2017b ; Palla et al. 2020a ). The

quation used to determine the amount of the chemical element i 
ontained into dust grains is 

˙
 i,d ( R, t) = −ψ ( t ) X i,d ( R, t ) + R i,d ( R, t) 

+ 

G i,d 

τi,ac c r 

( R , t) − G i,d 

τi ,des tr 

( R , t) (8) 

imilarly to equation ( 1 ), G i, d ( R, t) = X i, d ( R , t) G ( R , t), where
 i, d ( R, t) represents the abundance (in mass) of the element i

resent in dust grains. The first term on the right-hand side of
quation ( 8 ) accounts for the amount of dust destroyed by astration,
.e. incorporated into new stars. R i, d ( R, t) accounts for stellar dust
roduction, which in our model is from asymptotic giant branch 
AGB) stars and CC SNe. In LIMS (i.e. stars with mass 0.8 ≤ M �

8), dust is produced during the AGB phase. For AGB stars, in this
ork we use the metallicity-dependent dust yields of Dell’Agli et al. 

 2017 ). Stars more massive than 8 M � end their life as CC SNe and
re the main producers of dust. For these sources, we assume the dust
ields of Bianchi & Schneider ( 2007 ) that, as shown in Gioannini
t al. ( 2017a ), provide dust mass values intermediate between other
rescriptions from the literature. 
The third term on the right side of equation ( 8 ) accounts for dust

ccretion (or growth) in molecular clouds. In this process, occurring 
n the coldest and densest regions of the ISM, pre-existing seeds
f dust can grow in size as due to accretion of further refractory
lements on their surface (e.g. Savage & Sembach 1996 ; Hirashita &
 https:// emcee.readthedocs.io/en/ stable/ ; https:// github.com/dfm/emcee 

t  

t  

f

uo 2011 ; Inoue 2011 ; Asano et al. 2013 ; Mart ́ınez-Gonz ́alez,
ilich & Tenorio-Tagle 2021 ; Konstantopoulou et al. 2022 ), enabling
 significant increase of the global dust mass (e.g. Dwek 1998 ; Asano
t al. 2013 ; Mancini et al. 2015 ; De Vis et al. 2017 ). The dust accretion
ate is regulated by the accretion time-scale τ accr . For a given element
 , this quantity can be expressed as 

i, accr = 

τ0 

(1 − f i ) 
, (9) 

here f i = G i, d ( t ) /G i ( t ) is the dust-to-gas ratio for the element i
t the time t and τ 0 is the characteristic dust growth time-scale.
his formalism was first introduced by Dwek ( 1998 ), in which the
ey quantity τ 0 was assumed constant and generally of the same 
rder of magnitude of the typical molecular cloud lifetime (see 
lso Calura et al. 2008 ). Later, more elaborate assumptions have
een proposed by other authors, with a dependency on fundamental 
alactic parameters such as metallicity and cold gas fraction (e.g. 
sano et al. 2013 ). 
The fourth term of equation ( 8 ) accounts for dust destruction,

ccurring in the warm and hot phases of the ISM mostly as due to
xploding SNe. In this process, the refractory material incorporated 
n dust grains and accelerated by SN shocks is cycled back into
he gas phase via various mechanisms (evaporation in grain–grain 
ollisions, sputtering, thermal sublimation, desorption, see McKee 
989 ; Jones, Tielens & Hollenbach 1996 ) 
Similarly to dust accretion, dust destruction is expressed in terms 

f a grain destruction time-scale τ destr , which can be written as 

i, destr = 

G i ( t) 

( ε M swept ) SN rate 
, (10) 

here SN rate is the sum of the CC and Type Ia SN rates, M swept is
he ISM mass swept by a SN shock, and ε is the efficiency of grain
estruction in the ISM. 
The product of the two latter terms represents the ISM mass

ompletely cleared out of dust by a SN: 

 clear = ε M swept . (11) 

n this paper, we will study in detail the roles of the main quantities
egulating dust growth and destruction, i.e. τ 0 and M clear and see how
hey determine the dust content of M74, as traced by the observed
ust mass profile as a function of galactic radius. 
The Bayesian approach requires a specific parametrization of a 

iven process as a function of fundamental quantities that regulate 
hem, such as the infall time-scale and the SF efficiency as a function
f the galactocentric radius (see equations 5 and 6 ). 
In this work, we want to test various prescriptions for quantities

egulating both destruction and accretion, in which the dependence 
n some fundamental physical variables is diversified. Testing every 
ingle prescription by means of a MCMC would be very challenging
rom a computational point of view; therefore, in this work we choose
o model the evolution of dust without a Bayesian approach. In the
orthcoming future, the next step will be to adopt a Bayesian method
o treat also the evolution of dust. 

 RESULTS  

n this section we present the results of the best-fitting chemical
volution model of M74, obtained from the observational constraints, 
.e. the observed gas and stellar density profiles of M74, and by means
f the Bayesian method described in Section 3.1 . The best model is
hen used to study the star formation history and the properties of
he dust in our target galaxy, in order to derive constraints on a few
undamental prescriptions adopted in our model. 
MNRAS 523, 2351–2368 (2023) 
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Figure 2. Left panel: posterior probability density function of the parameters used to model the accretion and SF history of M74. The best-fitting value obtained 
for the parameter (defined in Section 4 ) is reported on the top of each column, along with the associated uncertainties. The results of the best-fitting model are 
shown in the right panel, where the thick magenta and cyan lines represent the best-fitting stellar and gas surface density as a function of radius, respectively. 
The blue and red thin lines represent the range of models obtained from the Monte Carlo w alk ers at the last step that are consistent with the observed profiles, 
i.e. characterized by � gas and � ∗ values within the observed error bars. 

Figure 3. Accretion time-scale τ (green solid line and left-side y -axis) and 
SF efficiency ν (red solid line and y -axis on the right) as a function of 
galactocentric radius R of the best model obtained for M74 through our 
Bayesian analysis. 
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We have used 100 w alk ers to sample the parameter space. The
hains have been run for 500 steps. The MCMC reaches convergence
n less than 125 steps, used as a warm-up phase (burn-in). Therefore,
he PPD has been built using the final 375 steps. As an additional
heck, we also verified that the acceptance fraction of w alk ers is
bout 0.4, well within the range of values recommended (between
.2 and 0.5). 
The posterior probability density function of the parameters is

hown in the left panel of Fig. 2 , where the best-fitting values obtained
or our set of parameters are also reported with their uncertainties. 

For each parameter, we compute the best-fitting v alue, the lo wer
nd upper uncertainty from the median, and the 16th and the 84th
ercentile of the distribution (reported on the top of each column of
ig. 2 ). 
NRAS 523, 2351–2368 (2023) 
We show the results of the best-fitting model in the right panel
f Fig. 2 (thick magenta and cyan lines), compared to the observed
rofiles. The thin lines in Fig. 2 represent the range of models within
he 16th and 84th percentiles, hence corresponding approximately to
 − σ error bars of the best-fitting models. 

.1 Star formation and infall time-scale as a function of radius 

ig. 3 shows the infall time-scale τ (green solid line) and the SF
fficiency ν (red solid line) as a function of galactocentric radius R
f the best model obtained for M74 through our Bayesian analysis. As
or the best-fitting τ − R function (green line), an analogue relation
as found for our Galaxy by Romano et al. ( 2000 ), expressed by 

D , MW 

= 1 . 03 R − 1 . 267 Gyr (12) 

nd describing the ‘Inside-Out’ formation model of the disc compo-
ent of the MW. 
The relation in equation ( 12 ) is able to account for various

onstraints, i.e. the ‘G-dwarf’ metallicity distribution observed in
he solar neighbourhood and in other regions of the Galactic disc, the
as density profile, and the Galactic abundance gradients (see also
hiappini, Matteucci & Romano 2001 ). 
Also for M74, our analysis supports an inside-out formation

cenario, but the flatter shape of the τ − R function obtained here
uggests more similar gas accretion rates at different radii with
espect to the MW. For comparison, the accretion time-scales of

74 at 2 and 14 kpc are ∼3.8 and ∼6 Gyr, respectively, whereas in
he MW, at the same radii Romano et al. ( 2000 ) derived accretion
ime-scales of 1 and 13 Gyr, respectively. 

In principle, beside a smaller average stellar age, a flatter accretion
ime-scale with radius is expected to produce a lower dispersion of
tellar age than in the MW. It is ho we ver worth stressing that the
ingle-infall model used here differs by construction from the one
sed for our Galaxy, which allows for a better characterization of
he various sub-components, for which much more observational

art/stad1316_f2.eps
art/stad1316_f3.eps
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Figure 4. Metallicity gradient of the best model of M74 (black solid line) 
compared to a set of available observations. The metallicity tracer is oxygen, 
for which two strong line calibrations (the N2 [orange crosses] and the O3N2 
[brown crosses]) have been used to derive the abundances as a function of 
radius (see De Vis et al. 2019 ; Bianchi et al. 2022 ). The brown and orange 
circles represent the average abundances computed at different radial bins and 
considering both sets of abundances. In each radial bin, the brown vertical 
bar associated with the computed a verage ab undance represents the 1 − σ

uncertainty. 
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onstraints are available. In particular, valuable constraints in this 
ontext are represented by the stellar chemical abundance pattern, at 
he moment available for our Galaxy and for a few of its satellites
nly, which provide an insightful picture of the past evolution of such
ystems and therefore allows one to have tighter constraints for their 
ccretion history. 

The red line in Fig. 3 shows the SF efficiency ν( R ) of M74 derived
n this work. Also in this case, it is interesting to compare this quantity
o the analogue relation found in the MW. Palla et al. ( 2020b ) used
he tw o-inf all model to constrain some fundamental properties of
he thin and thick Galactic discs, including the SFR profile and 
he abundance gradients, considering different chemical elements 
including Mg, Fe, N, O). Again, their model is more complex than
urs since, besides including two separate infall events for different 
ub-components, they also take into account radial gas flows. A 

 ariable ef ficiency of star formation is considered for the thin disc and
he effects of other parameters are investigated, including the delay 
etween the formation of the two discs. They find that the assumption
f a variable SF efficiency along the disc plays a fundamental role in
eproducing the observed abundance gradients (see also Grisoni et al. 
018 ). Although the trend is similar, i.e. characterized by decreasing 
at increasing radii, the ν–R relation derived here, which spans a 

ange between ∼ 2 Gyr −1 in the innermost regions and ∼0.1 Gyr −1 

n the outskirts, is less extreme than the one found in the MW, which
anges between ∼5 and ∼0.1 Gyr −1 . 

As additional check, we have compared the metallicity gradient 
btained with the best model of M74 to a set of available observations. 
The used metallicity tracer is oxygen. We show in Fig. 4 the data

rom the DustPedia compilation of De Vis et al. ( 2019 ), obtained
sing two different metallicity calibrators: the simplest N2 calibrator, 
hich is based on the ratio between [N II ] λ6584 and the adjacent
 α line (thus depending little on dust extinction), and the O3N2 
ethod, which uses [O III ] λ5007, [N II ] λ6584, H β, and H α lines

Pettini & Pagel 2004 ). It is well known that, when using different
iagnostics, the metallicity measures are significantly sensible to 
he adopted calibration (K e wley & Ellison 2008 ; Calura et al. 2009 ;
aiolino & Mannucci 2019 ). The difference between the two profiles 

s useful to envisage the uncertainties in the calibration schemes. As
hown in Fig. 4 , our model can satisfactorily account for the observed
etallicity gradient, in particular the one measured from the O3N2 

ine ratio, across the entire radial range of the observations (from
 = 1 kpc to R ∼ 14 kpc). As for the gradient measured from
2, in the innermost regions ( R < 5 kpc) the data indicate a flatter
radient than what found in our best model. Investigating the reason
f the discrepancy between the N2 measures and the model results
s beyond the scope of this work. 

In Fig. 5 we show the evolution of the gas mass, stellar mass, and
tar formation history of the best model, obtained as described in this
ection. We also show the evolution of the dust mass of the two best
odels described in Sections 4.3.1 and 4.3.2 . 
In Table 1 , we present a few observational features of M74 and

ompare them to the results of our best models. The observed
nd theoretical gas, stellar, and dust masses have been computed 
ntegrating the respective profiles. M74 has an observed dust mass 
f 2 × 10 7 M �, similar to the of other spiral galaxies of similar
tellar mass (Pastrav 2020 ). The results of the comparison between
he measured dust mass and the models will be discussed in the
ection 4.3 . 

.2 Effects of radial flows 

adial gas flows may take place as a dynamical consequence of
nfall (Spitoni & Matteucci 2011 ; Bilitewski & Sch ̈onrich 2012 ).
he cosmological accretion of gas is expected to occur mostly in the
utskirts of galactic discs (Ho, Martin & Turner 2019 ). The infalling
as has a lower angular momentum than the gas orbiting within the
isc, and the mixing between the two is expected to induce a net,
nward-directed radial flow (Mayor & Vigroux 1981 ), with a velocity
n the range of a few km s −1 (Lacey & Fall 1985 ). Radial flows may
lso originate as a consequence of the viscosity of the gas (Thon &
eusinger 1998 ) and of spiral density waves that may lead to large-

cale shocks and energy dissipation (Spitoni & Matteucci 2011 and 
eferences therein). 

In our reference multizone model we have neglected radial flows, 
.e. we have assumed that no exchange of matter can occur between
wo adjacent rings. This assumption relies upon the results of various
tudies, who have shown that, under reasonable conditions, radial 
ows alone have a marginal role in reproducing the abundance 
radients measured in the MW disc (Portinari & Chiosi 2000 ;
pitoni & Matteucci 2011 ; Palla et al. 2020b ), and that the latter
re the result of the interplay of various processes, including a star
ormation threshold, an efficiency of star formation and infall law 

arying with radius (Colavitti et al. 2009 ; Palla et al. 2020b ). 
The study of radial gas flows in local spiral galaxies is a recent,

rowing field (Di Teodoro & Peek 2021 ) but their effects on the
roperties of other galaxies have rarely been addressed. In this 
ection, we include radial gas flows in the model of M74 and show
heir effects on the observables considered in this work, i.e. the stellar
nd gas density profiles and the metallicity gradient. 

The model used here is described in Spitoni & Matteucci ( 2011 ),
ott, Spitoni & Matteucci ( 2013 ), and Palla et al. ( 2020b ) and

s based on the formalism of Portinari & Chiosi ( 2000 ). It is
onvenient to define the k -th shell of the galactic disc in terms of
he galactocentric radius R k , whose inner and outer edges are R k − 1/2 

nd R k + 1/2 , respectively. Through these edges, gas inflow can occur
ith velocity v k− 1 

2 
and v k+ 

1 
2 
, respectively, with velocities assumed 

o be positive outward and negative inward. 
MNRAS 523, 2351–2368 (2023) 
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Figure 5. Evolution of the gas mass (blue solid line), stellar mass (red solid line), and star formation history (dark-cyan solid line) of the best-fitting model 
obtained with our Bayesian analysis described in Section 3.1 . The light-blue, coral, and turquoise dashed lines are the evolution of the gas mass, stellar mass, 
and star formation history , respectively , of the ‘Intermediate τ ( R ) and ν( R )’ model, which includes radial flows and is described in Section 4.2 . The black and 
brown solid lines are the dust mass of the models 5 

′ 
and 9 

′ 
described in Sections 4.3.1 and 4.3.2 , respectively. 

Table 1. Summary of the main observational properties of M74 and as computed by means of our best models. 

D D 25 Hubble type M gas M ∗ SFR M dust 

(Mpc) (’) (M �) (M �) (M � yr −1 ) (M �) 

M74 (observed) 9.0 a 10.0 b Sc c 8.5 × 10 9 2.0 × 10 10 0.7 d 2.0 × 10 7 

Model (5’) - - 7.0 × 10 9 1.68 × 10 10 0.9 1.96 × 10 7 

Model (9’) - - 7.0 × 10 9 1.68 × 10 10 0.9 2.26 × 10 7 

Notes. a Casasola et al. ( 2017 ). 
b D 25 is defined as the length corresponding to the projected major axis of a galaxy at the isophotal level of 25 mag arcsec −2 in the B 

band (Casasola et al. 2017 ). 
At the distance of M74, this corresponds to a diameter of 26.18 kpc. 
c From the NED data base. 
d Gusev, Egorov & Sakhibov ( 2014 ). 
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The net radial flow rate at galactocentric radius R k and time t is
ncluded as a further additive term in equation ( 1 ) and is expressed as 

˙
 i, rf ( R k , t) = − βk G i ( R k , t) + γk G i ( R k+ 1 , t) , (13) 

here βk and γ k are, respectively: 

k = − 2 

R k + 

R k−1 + R k+ 1 
2 

×
[
v k− 1 

2 

R k−1 + R k 

R k+ 1 − R k−1 

]
(14) 

k = − 2 

R k + 

R k−1 + R k+ 1 
2 

[
v k+ 

1 
2 

R k + R k+ 1 

R k+ 1 − R k−1 

]
� ( k+ 1) , T 

� k, T 
. (15) 

 ( k+ 1) , T and � k, T are the total present-day density profiles at the
adius R k + 1 and R k , respectively. 

In this parametrization the most critical quantity is the radial
 elocity pattern, e xpressed by v k . We hav e studied the effects of
n inward-directed radial gas flow, testing various values for v k and
arious assumptions for the radial dependence of the infall and SF
aw. 
NRAS 523, 2351–2368 (2023) 

v  
As for the velocity pattern, we have considered both constant and
adial-dependent v alues, pre viously considered to model radial flows
n the MW (Grisoni et al. 2018 ; Palla et al. 2020b ). As for the infall
ime-scale and star formation efficiency radial dependence, beside
he ones of best-fitting model described in Section 4.1 , we have
ested other assumptions, including constant τ and ν (i.e. no radial
ependence) and other, intermediate choices between constant and
he ones of the best-fitting model. 

As for the best-fitting model obtained through Bayesian analysis
ith added radial flows, none of the tested assumptions for the
elocity pattern could reproduce the considered constraints simulta-
eously. The results of one of these cases is shown in the left panels of
ig. 6 , where constant radial velocity v k = −0.5 km s −1 was assumed.
his is a lo w v alue in the framework of models generally suited to
ccount for the velocity pattern of the MW disc (e.g. Palla et al.
020b ). Although it does not have any major effect on the present-
ay gas and stellar mass profiles but a slight steepening, such a low
alue is enough to steepen significantly the metallicity gradient, as

art/stad1316_f5.eps
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Figure 6. Top-left panel: stellar (solid magenta line) and gas (solid dark cyan line) surface density as a function of radius of the best-fitting model for M74 
obtained with the Bayesian analysis plus radial flows, described in Section 4.2 . The blue and red solid circles are as in Fig. 1 . Bottom-left panel: metallicity 
gradient of the best-fitting Bayesian model of M74 plus radial flows (black solid line) compared to a set of observations (other symbols as in Fig. 4 ). Top-right 
panel: stellar (magenta lines) and gas (dark cyan lines) surface density profiles of the model with constant τ ( R ) and ν( R ) (solid lines) and intermediate τ ( R ) 
and ν( R ) (dashed lines), both including radial flows and described in Section 4.2 . The blue and red solid circles are as in Fig. 1 . Bottom-right panel: metallicity 
gradient of the model with constant τ ( R ) and ν( R ) (solid line) and intermediate τ ( R ) and ν( R ) (dashed line). Other symbols are as in Fig. 4 . 
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hown in the bottom-left panel of 6 . We have verified that other
elocity patterns assumed for the MW disc, including a higher (in
odulus) constant velocity v k = −1 km s −1 and a variable velocity
 k = −( R k 4 − 1) km s −1 (Grisoni et al. 2018 ) cause a steepening also
f the density profiles and do not impro v e the fit to the observed
etallicity gradient. 
In the right panels of 6 , we show the results of a couple of models

ith different assumptions regarding the radial dependence of τ and 
. One model (‘Constant τ ( R ) and ν( R )’, solid lines) is with constant
= 4 Gyr and ν = 0.45 Gyr −1 at all radii. These values for τ and ν

re similar to the ones of the best model obtained with the MCMC
t 4 kpc. 

Another model (‘Intermediate τ ( R ) and ν( R )’, dashed lines in the
ight panels of Fig. 6 ) is characterized by values for the quantities
 and C defined in Section 3.1 that are approximately half of the
est-fitting model, but values for τ ( R ) and ν( R ) at R = 4 kpc that are
omparable to the ones of this model. These choices are certainly 
rbitrary; ho we ver, more tests have been performed by anchoring the
elations to the τ and ν of the best-fitting model at other values of R ,
ithout any improvement in the results. 
Our results are useful to illustrate the o v erall effects of an inward-

irected velocity pattern. These models provide a stellar profile in 
greement with data and within the error bars at almost all radii, an
cceptable fit to metallicity gradient but a gas density profile steeper 
han the available observations. As shown in Fig. 5 , the o v erall effects
n the star formation history are modest. 
Although our results can certainly be impro v ed with a more

horough investigation of the parameter space, the analysis carried 
ut in this section highlights that, assuming significant net radial 
nflows in the galaxy, we are not able to reproduce the different
bservational constraints of M74, i.e. the stellar density, gas density, 
nd metallicity gradient simultaneously. The same conclusion also 
olds by varying the prescriptions for the radial dependence of gas 
ccretion and SF law. 
a
At present and based on extant data, it is not possible to firmly
ssess the radial velocity pattern of the gas in local galaxies. A sys-
ematic study of gas flows in local spirals based on atomic hydrogen
mission line high-sensitivity data indicates that the magnitude of 
adial inflow motion seems small, of the order of a few 0.1 M �/yr
nd a factor 5–10 smaller than the typical SFR values (Di Teodoro &
eek 2021 ). This suggests that radial inflows alone are not strong
nough to sustain star formation in local spiral galaxies. 

.3 Dust density profile 

nderstanding the roles of destruction and accretion in regulating 
he dust mass budget in galaxies represents one major challenge 
n galaxy evolution studies. How these mechanisms depend on key 
alactic properties, such as radius and SFR, is not known, and various
uthors have proposed different prescriptions to include their effects 
n galactic evolution models. 

In the following text, we exploit the best model obtained for M74
o test various prescriptions for these two processes and compare 
ur results with one key observational constraint available for this 
alaxy, i.e. the dust surface density profile. 

In particular, we test different formalisms for the parameter 
egulating the accretion time-scale τ 0 of equation ( 9 ) and for the
estruction time-scale, expressed by the ‘cleared mass’ parameter 
 clear of equation ( 10 ). A summary of the models considered in

his work and adopting different prescriptions for accretion and 
estruction is presented in Table 2 . 

.3.1 Asano et al. ( 2013 ) prescriptions for dust accretion 

sano et al. ( 2013 ) investigated the role of dust mass growth
n the ISM by means of a closed-box chemical evolution model
hich included stardust production, destruction by SN shocks, and 

ccretion. They emphasized the role of the interstellar metallicity 
MNRAS 523, 2351–2368 (2023) 
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Table 2. Models investigated in this work. First column: model number; second column: adopted stardust prescriptions; third column: dust destruction model; 
fourth column: adopted dust accretion prescriptions. 

MODEL Stardust prescriptions Destruction Accretion 

1 D17 (AGB), B07 (SNe) Asano et al. ( 2013 ) ( M clear : equation 20 ) Asano et al. ( 2013 ) ( X cold = 0.05) 
2 D17 (AGB), B07 (SNe) Asano et al. ( 2013 ) ( M clear : equation 20 ) Asano et al. ( 2013 ) ( X cold = 0.25) 
3 D17 (AGB), B07 (SNe) Asano et al. ( 2013 ) ( M clear : equation 20 ) Asano et al. ( 2013 ) (variable X cold ) 
4 D17 (AGB), B07 (SNe) Priestley, De Looze & Barlow ( 2022 ) ( M clear : equation 21 ) Asano et al. ( 2013 ) ( X cold = 0.25) 
5 D17 (AGB), B07 (SNe) Temim et al. ( 2015 ) ( M clear : 4000 M �) Asano et al. ( 2013 ) ( X cold = 0.25) 
5 

′ 
D17 (AGB), B07 (SNe) Temim et al. ( 2015 ) Asano et al. ( 2013 ) ( X cold = 0.25) 

( M clear : 2667 M � at R = 1 kpc; 4000 M � at R > 1 kpc) 
6 D17 (AGB), B07 (SNe) Asano et al. ( 2013 ) ( M clear : equation 20 ) Mattsson, Andersen & Munkhammar ( 2012 ) ( ξ = 500) 
7 D17 (AGB), B07 (SNe) Priestley et al. ( 2022 ) ( M clear : equation 21 ) Mattsson et al. ( 2012 ) ( ξ = 500) 
8 D17 (AGB), B07 (SNe) Asano et al. ( 2013 ) ( M clear : equation 20 ) Mattsson et al. ( 2012 ) ( ξ = 225 ν) 
9 D17 (AGB), B07 (SNe) Asano et al. ( 2013 ) ( M clear : equation 20 ) Mattsson et al. ( 2012 ) ( ξ = 150/ ν) 
9 

′ 
D17 (AGB), B07 (SNe) Asano et al. ( 2013 ) Mattsson et al. ( 2012 ) ( ξ = 150/ ν) 

( M clear : 2/3 of equation ( 20 ) at R = 1 kpc; equation ( 20 ) at 
R > 1 kpc) 
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n determining the dust accretion time-scale, identifying a critical
etallicity value, decreasing with decreasing SF efficienc y, abo v e
hich accretion becomes the primary process in regulating the
alactic dust budget, also causing the strong depletion of heavy
lements from the gas phase. 

In the model of Asano et al. ( 2013 ), the dust accretion time-scale
0 of equation ( 9 ) is expressed as 

0 = 

τg 

X cold 
, (16) 

here τ g is the characteristic dust growth time-scale within a
olecular cloud and X cold is the mass fraction of dense cold clouds

n a galaxy. In the complete equation of Asano et al. ( 2013 ) for
he characteristic time-scale τ g , this quantity can be expressed as a
unction of grain size a , sticking coefficient of refractory elements α
nd mean velocity of metals in the gas 〈 v〉 as 

g = 

4 〈 a〉 3 ρd 

3 〈 a〉 2 αρISM 

Z 〈 v 〉 , (17) 

here 〈 a 〉 2 and 〈 a 〉 3 are the second and third moment of the grain
ize distribution, respectively, while ρd and ρISM 

are the average dust
nd ISM mass density. Asano et al. ( 2013 ) showed that assuming for
he typical molecular cloud temperature a value of 50 K, 100 cm 

−3 

or the cloud ambient density and an average value of 0.1 μm for the
rain size, it is possible to express τ g as 

g = 2 . 0 · 10 7 ×
(

Z 

0 . 02 

)−1 

[ yr ] , (18) 

he cold mass fraction X cold is highly uncertain and plays a crucial
ole in shaping the dust density profiles; therefore, we will test various
ssumptions for its value. For this quantity we test two constant
alues, embracing a reasonable range supported by observations and
rguments related to the local cold gas budget. The adoption a the low
alue for X cold is supported by estimates of the dense gas mass fraction
n molecular clouds in the MW, performed through observations of
he 1.1 mm dust-continuum emission (Battisti & Heyer 2014 ). In this
ork, observations of high column density subregions indicate mass

ractions as low as 0.07, to be regarded as upper limits to the true
ass fractions. Moti v ated by these results, we assume for our model
 value of X cold = 0.05 (Model 1 of Table 2 ). 

A larger value for X cold can be derived instead from estimates of
he local budget of neutral and molecular gas. For the local molecular
nd neutral comoving gas density, Fukugita & Peebles ( 2004 ) report
stimates �H2 = 1.6 × 10 −4 and �HI = 4.2 × 10 −4 (expressed as
NRAS 523, 2351–2368 (2023) 
ensity parameters), respectively. From the ratio between the two,
e obtain X cold ∼ 0.25 (Model 2). 
As third option, for X cold we assume the profile derived for M74

s a function of the galactocentric radius (Model 3), expressed as 

 cold ( R ) = 

M H2 ( R ) 

M H2 ( R ) + M H I ( R) 
, (19) 

here M HI ( R ) and M H2 ( R ) are the mass of H I and H2 observed in
74, respectively, at the radius R. The adopted prescriptions for dust

ccretion are shown in the left panel of Fig. 7 , whereas in the right
anel we show the prescriptions for dust destruction. 

As for the dust destruction, the most crucial parameter is the ISM
ass cleared out of dust that, in the formulation of Asano et al.

 2013 ), can be expressed as 

 clear = 1535 n −0 . 2 
ISM 

· ( Z/Z � + 0 . 039) −0 . 289 [M �] , (20) 

nd depends on the ISM particle density n ISM 

and on the metallicity of
he gas Z . The idea behind a metal-dependent cleared mass is that gas
ooling is a function of metallicity, in that metal-poor gas cools less
fficiently, thus remaining at high temperatures for longer, increasing
he amount of dust destroyed by thermal sputtering in shocked gas
Priestley et al. 2022 ). As for the density, for our purposes it is
onvenient to assume an average value, i.e. n ISM 

= 1 cm 

−3 (Gioannini
t al. 2017b ), corresponding to the average interstellar density of
he Galaxy (Ferri ̀ere 1998 ). The prescriptions adopted for M clear are
ummarized in the right panel of Fig. 7 . 

As visible in the upper panel of Fig. 8 , all these assumptions lead
o similar results, i.e. an o v erestimate of the dust density profile at
mall radii, i.e. at R < 7 kpc, with noticeable differences only in the
utermost regions, where the metallicity is lower than in the centre,
nd therefore the dust destruction time-scale is the smallest in the
hole galaxy. 
The three assumptions for the cold mass fraction imply a factor
3 o v erestimation of the o v erall dust budget detected in M74. 
We now focus on one single model for dust accretion, where

or the cold gas fraction we assume the ‘cosmic’ average value of
 cold = 0.25 and test different assumptions regarding destruction, by
dopting various prescriptions for the cleared mass M clear . 

In the recent work of Priestley et al. ( 2022 ), the ef fecti ve mass
leared of dust is expressed as 

 clear = 

8143 

1 + Z/ (0 . 14 Z �) 
[M �] . (21) 
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Figure 7. Summary of the adopted prescriptions for dust accretion and destruction. Left panel: cold gas fraction X cold as a function of galactocentric radius 
as in equation ( 19 ) (black dash–dotted line) and constant, with a value of 0.05 (blue solid line) and 0.25 (light-blue dashed line). Right panel: interstellar mass 
cleared out of dust M clear from Asano et al. ( 2013 ) (black solid line), from Priestley et al. ( 2022 ) (black dashed line) and constant with a value 4000 M � (green 
solid line) and of 2667 M � (corresponding to 2/3 or the previous value, orange dashed line) as adopted in the innermost regions (see Section 4.3.2 ). 

Figure 8. � dust as function of galactocentric radius observed in M74 (green 
circles) and computed adopting the prescriptions of Asano et al. ( 2013 ) for 
dust accretion and testing different time-scales for dust destruction. The top 
panel shows the effects of three different choices for the adopted cold gas 
fraction X cold , i.e. X cold = 0.05 (black dashed line, Model 1 of table 2), 
X cold = 0.25 (black solid line, Model 2), and a variable X cold (Model 3) at 
different radii and computed as described in Section 4.3.1 (dash–dotted line). 
In the bottom panel, the results of a model with X cold = 0.25 and different 
prescriptions for the cleared mass M clear are shown, i.e. the one from Asano 
et al. ( 2013 ) (black solid line, Model 2), Priestley et al. ( 2022 ) (dashed line, 
Model 4), and Temim et al. ( 2015 ) (dash–dotted line, model 5). 
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e note that in equation ( 21 ), the dependence of M clear on the
etallicity is stronger than as prescribed by Asano et al. ( 2013 )

see the right panel of Fig. 7 ). According to Priestley et al. ( 2022 ),
quation ( 21 ) might o v erestimate the metallicity dependence of M clear 

y neglecting kinetic sputtering, at variance with other authors that 
nclude this process (Yamasawa et al. 2011 ). The results obtained
dopting equation ( 21 ) (Model 4) are shown in the top panel of
ig. 8 as dashed lines. 
The adoption of these prescriptions do not lead to any significant

mpro v ement, as the observ ed inner dust profile is still o v erestimated.
his is the effect of a significant metal production occurring in the

nnermost regions, which leads to a reduced vale of M clear and there-
ore inefficient dust destruction. The large dust densities obtained at 
he innermost radii thus indicate that the models underestimate dust 
estruction, i.e. that the prescriptions adopted so far for M clear are
nadequate. To solve this conundrum, in the following we will test
nother possibility. 

The work of Temim et al. ( 2015 ) includes the analysis of more
han 80 SN remnants (SNR) in the Magellanic Clouds, in which the
estroyed dust masses were determined by means of multiwavelength 
bservations. In particular, the sizes of the SNR were determined by
eans of X-ray data, whereas IR spectra obtained with Herschel 

nabled to estimate of the dust mass by means of two-component
ED fitting, including silicate and carbon dust. For the total ef fecti ve
wept-up mass of dust, Temim et al. ( 2015 ) suggest a weak depen-
ence on ISM density. This weak dependence on the ISM density
s due to the fact that the dust mass destroyed by SNR is mostly
etermined by the dust-to-gas value in the pre-shocked ISM. The 
ypical values for the cleared (or swept-up) mass v alues deri ved by
emim et al. ( 2015 ) for carbon dust and silicates are of the order of
2000 M �. Ho we ver, in the pre-shocked ISM around the studied
NR, Temim et al. ( 2015 ) measure dust-to-gas (DGR) ratios that
re a factor of two to three higher than the average DGR galactic
alues. Considering that G i = G i, d /D GR , in our equations (e.g.
quation 10) we take into account an enhanced DGR around SN
emnants assuming a factor two larger cleared mass. Temim et al.
 2015 ) also suggest a weak dependence on metallicity of the swept-
p mass, M clear ∝ ζ−0 . 15 

m 

, where ζ m is the metallicity normalized to
ts solar value, and taken to be equal to 0.3 for the Magellanic Clouds.

Based on these results, we examine the effects of a constant
alue for M clear , i.e. independent on both density and metallicity,
MNRAS 523, 2351–2368 (2023) 
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Figure 9. � dust as function of galactocentric radius observed in M74 (green 
circles) and computed adopting the prescriptions of Mattsson et al. ( 2012 ) for 
dust accretion and testing different time-scales for dust destruction. In the top 
panel, we show the results obtained assuming the Asano et al. ( 2013 ) (Model 
6, brown solid line) and Priestley et al. ( 2022 ) (Model 7, brown dashed line) 
prescriptions for the cleared mass M clear and a constant value (500) for the 
parameter ξ of equation ( 23 ). In the bottom panel, we show the effects of 
different choices for the parameter ξ as a function of the SF efficiency ν. 
Brown solid line: constant value for ξ ( ξ = 500, Model 6); brown dashed 
line: ξ = 225 ν (Model 8); brown dash–dotted line: ξ = 150/ ν (Model 9). In 
each model, the adopted M clear is from Asano et al. ( 2013 ). The solid green 
circles are as in Fig. 1 . 
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nd assume M clear = 4000 M � (Model 5), therefore larger than the
verage cleared dust mass derived in SNR by Temim et al. ( 2015 ).
he results of this assumption are shown by the dash–dotted profile in

he bottom panel of Fig. 8 , which outline the significant impro v ement
n accounting for the observed profiles with respect to the previous
rescriptions at all radii, but in the innermost regions, i.e. at R < 2 kpc.
his is due to the larger SFR, and therefore CC SN rate in the inner
nnulus ( R ∼ 1 kpc), by a factor ∼ 3 larger than the values at 2 kpc.

.3.2 Mattsson et al. ( 2012 ) prescriptions for accretion 

wek ( 1998 ) expressed the rate per unit volume at which the dust
rains grow by accretion of metals for the element A 

d N A 

d t 
= απa 2 n g ( A ) n gr v , (22) 

here α is the sticking coefficient of element A to the dust grain, n g 
nd n gr are the number density of gas particles and dust grains,
espectively, and v = 

8 kT 
πm A 

is the mean thermal speed of atoms
ith mass m A in interstellar gas with temperature T . By expressing

quation ( 22 ) in terms of dust, cold gas and metal surface densities,
attsson et al. ( 2012 ) showed that τ 0 can be written as 

0 = 

� gas ( t) 

ξ Z �̇ ∗( t) 
, (23) 

here � gas is the gas surface density, �̇ ∗( t) is the SFR density and
is a free parameter, whose expected value is of the order of a few

undred, required to obtain τ 0 ∼ 10 7 yr for a solar metallicity and
alues of � gas and �̇ ∗( t) observed in the solar neighbourhood. In this
ase, it is first convenient to adopt a fixed value of ξ = 500 and test
arious assumptions for M clear . The results are shown in the top panel
f Fig. 9 , where we see that the adoption of both the Asano et al.
 2013 ) and Priestley et al. ( 2022 ) prescriptions for M clear produce
oo steep dust mass profiles with respect to observations. We have
ested also the adoption of the Temim et al. ( 2015 ) prescriptions for
 clear (not shown in the plot), finding no substantial impro v ement in

eproducing the observed profile. 
One possible way to reduce the slope in the predicted dust

rofile is to adopt a variable ξ parameter as a function of
alactocentric distance. To this aim, we will test a couple of different
arametrizations in which ξ will be expressed as a function of the SF
fficiency ν, represented by a decreasing function of radius as shown
n Fig. 3 . This will require sticking to one particular prescription for
estruction, for which we adopt the Asano et al. ( 2013 ) formula for
 clear (equation 20 ). 
In our first attempt, we assume ξ as a linear function of the SF

fficiency ν: 

= Kν (24) 

or the proportionality factor K , in the bottom panel of Fig. 9 we
how the results obtained assuming K = 225 (Model 7). However,
he adoption of other values within the same order of magnitude does
ot lead to significantly different results. This model is represented
y the dashed line, showing a flatter profile at outer radii ( R > 4 kpc)
han the model with constant ξ (solid line), resulting from a decreased
ccretion rate (due to longer SF time-scales) in the outer regions, in
trong disagreement with the observed profile. 

Conversely, the assumption of ξ inversely proportional to ν

= K 

′ /ν (25) 

eads to reproduce satisfactorily the slope of the observed profile,
s shown by the dash–dotted line in the bottom panel of Fig. 9 . In
NRAS 523, 2351–2368 (2023) 
his case, the proportionality constant of equation ( 25 ) is set to K 

′ =
50, a value optimized to reproduce also the normalization of the
bserved profile, which in this case is the dust surface density at
 = 2 kpc. As in the case of the best model obtained with the Asano
t al. ( 2013 ) prescriptions for dust accretion, the latter assumption
oes not allow us to account for the dust density in the innermost
egions, i.e. at R = 1 kpc, where the amount of dust is underestimated.
his is due to a very high destruction rate in the innermost regions,
hich stems from the high SFR, thus implying a too high SN 

ate. 
Fig. 10 shows the results of the two best models 5 

′ 
and 9 

′ 
,

n which the dust density is reproduced at all radii, including
lso the inner region ( R = 1 kpc). In both models, the dust
estruction rate has been reduced by a factor of 1/3 to increase
he final dust mass. Although in our model this assumption is
erformed ad hoc and on an empirical basis, it has interest-
ng implications and moti v ated physical grounds, discussed in
ection 4.4 . 
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Figure 10. Best models obtained assuming the Asano et al. ( 2013 ) (black 
solid line, Model 5 

′ 
of Table 2 ) and Mattsson et al. ( 2012 ) (brown solid line, 

Model 9 
′ 

of Table 2 ) prescriptions for dust accretion. In both models, the 
adopted M clear has been reduced by a factor of 1/3 in the innermost regions 
(R < 2 kpc) to reproduce the dust mass density observed at R = 1 kpc in the 
M74 galaxy. The solid green circles are as in Fig. 1 . 
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.3.3 Dust-to-gas and dust-to-stellar ratios 

y construction, the final DGR and dust-to-stellar (DSR) ratios 
btained with our best models match the values observed in M74. 
ere, we discuss the predicted DGR and DSR as a function of
etallicity, galactocentric distance and compare our results with 

he integrated values observed in other DustPedia galaxies. The 
ample we consider in our analysis includes a sub-set of late- and
arly-type spiral galaxies for which the metallicity (expressed as 
2 + log(O/H)), total dust, gas and stellar mass have been measured
nd is composed of 393 galaxies in total (163 early-type and 230
ate-type spirals). 

For details on how the measurements were performed and the data 
ollected, we refer the reader to Casasola et al. ( 2017 ) and Casasola
t al. ( 2020 ). The DGR as a function of metallicity is presented in
ig. 11 , in which the results of Model 5 

′ 
(9 

′ 
) is reported in the left

right) panel. In both cases, the model values computed at the final
ime are in excellent agreement with the data for the sub-sample 
f late-type galaxies. The curves of different colours describe the 
volution at 4 representative radii, from 3 to 12 kpc. Isochrones
ave been plotted for both model sets, computed at three different 
volutionary times (1, 5, and 10 Gyr, dashed lines), useful to examine
he evolution of the DGR at different radii. As for Model 5 

′ 
, the slope

f the isochrones at the outer radii ( R > 8 kpc) progressively steepen
ith time, indicating that also the DGR gradient steepens appreciably 

t late evolutionary stages ( � 10 Gyr). This occurs because of the
ependence of the accretion time-scale τ g on metallicity (equation 
8 ), leading to longer time-scales in more external regions as due to
onger infall and SF time-scales. 

Less differences are visible in the evolution of the DGR at R <

 kpc, characterized by a flatter behaviour of the isochrones at times
10 Gyr and a flatter gradient at the final time than the outer regions.
At the final time, the track computed at the inner radius o v erlaps

ith the DGR observed in early-type spirals, presenting values com- 
arable to late-type galaxies but characterized by larger metallicities. 
he tracks of Model 9 

′ 
(right panel of Fig. 11 ) are steeper than Model

 

′ 
and show a stronger evolution, visible in the larger DGR ratios at

arious radii at 1 and 5 Gyr. 
The total DSR of the models is ∼0.001, in good agreement with

he values measured in late spirals of the Dustpedia sample. The 
volution of the DSR at different galactic radii is shown in Fig. 12 ,
n which the results of models 5’ 

′ 
and 9 

′ 
are reported in the left

nd right panels, respectively, compared to the local values observed 
n DustPedia galaxies (open circles). In this case, the behaviour 
f the isochrones is the inverse of the DGR, in that they steepen at
ower radii, specifically decreasing as a function of radius, remaining 
pproximately flat at R > 6 kpc. This is due to the shape of the stellar
ass profile, particularly steep at small radii ( < 3 kpc), where the

ust mass profile is essentially flat (see Fig. 1 ). The final values of
he model at different radii are in good agreement with the values
bserved in late-type DustPedia galaxies. The end-point of the track 
t R = 2 kpc o v erlaps with the DSR of the lowest mass early-type
pirals, presenting DSR � 3 × 10 −4 . 

The evolution of Model 9 
′ 
at various radii is different than the one

f Model 5 
′ 
, in that the tracks of the former present a flatter early

volution with metallicity and they evolve more closely, presenting 
 significantly smaller range of DSR at 5 Gyr. At later times, the two
odels show little differences. The closer evolution of the tracks of
odel 5 

′ 
and 9 

′ 
at late evolutionary times are visible also in Fig. 13 ,

n which we show the dust-to-baryon ratio computed at various radii
s a function of the gas fraction. The analysis of this quantity outlines
he steeper growth of the tracks of Model 9 

′ 
, which at 5 Gyr show

BR � 1 × 10 −4 , whereas at the same time, Model 5 
′ 

shows still
BR values of a few × 10 −5 at all radii. 
Moreo v er, this plot emphasizes the separation between DustPedia 

ate- and early-types, with the latter presenting in most cases lower
as fractions ( � 0.2) than the former. In their later stages, i.e. at
volutionary times > 10 Gyr, the theoretical tracks of the innermost
adii of models 5 

′ 
and 9 

′ 
o v erlap with the DBR of the local early-type

alaxies characterized by larger gas fraction ( ∼0.2). 

.4 Discussion 

n this work, we figured out simple recipes to model destruction and
ccretion that can reproduce the observed profile of M74 without any
d hoc assumption. This holds at all radii except in the innermost
egions ( R < 2 kpc), where we empirically decreased the dust cleared
ass to match the observational data. In this section, first we discuss

ossible physical reasons for this choice and on the possible radial
ependence of dust destruction, as a result of a different impact of
tellar feedback at different galactic radii. 

We are aware that the adopted recipes might not be unique; in this
egard, our study is useful to outline the de generac y between the main
arameters regulating dust destruction and accretion. We also discuss 
he relative roles of these processes in our models, which are still a
atter of debate, and compare our findings with other rele v ant works.

.4.1 On the efficiency of dust destruction at different galactic radii

ow the destruction of dust depends on the galactocentric radius and,
ore in general, on the stellar feedback in different environments, is

argely unknown. Although a few works dealt with the destruction of
ust from single SN (Silvia, Smith & Shull 2010 ; Mart ́ınez-Gonz ́alez
t al. 2019 ), the destruction of dust from multiple supernovae
as rarely been treated. In a multiphase ISM, it is known that
he destruction is related to the mass exchange between the hot
nd cold media (McKee 1989 ; Peters et al. 2017 ). Such exchange
etermines the circulation of gas from the warm neutral medium, 
here dust abundances are reduced by destruction in interstellar 

hocks generated by massive stellar feedback, and matter enriched 
ith dust due to accretion on grain surfaces at higher gas densities.
MNRAS 523, 2351–2368 (2023) 
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M

Figure 11. Dust-to-gas ratio (DGR) as a function of log(O/H) + 12 for the best models at different galactocentric radii. Left panel: best model obtained assuming 
the Asano et al. ( 2013 ) dust accretion prescriptions (Model 5 

′ 
of Table 2 ). The black, dark gre y, gre y, and light gre y curv es represent the evolutionary tracks at 

radii 3, 6, 9, and 12 kpc, respecti vely. The stars represent the v alues measured in M74. The red and blue circles are the DGR values observed in early-type (red) 
and late-type (blue) spiral galaxies of the DustPedia sample. The dashed lines are isochrones at 1, 5, and 10 Gyr. Right panel: best model obtained assuming 
the Mattsson et al. ( 2012 ) dust accretion prescriptions (Model 9 

′ 
of Table 2 . The dark bro wn, bro wn, light bro wn, and orange curves represent the evolutionary 

tracks at radii 3, 6, 9, and 12 kpc, respectively. The other symbols and lines are as in the left panel. 

Figure 12. Dust-to-star ratio (DSR) as function of log(O/H) + 12 for the best models at different galactocentric radii. Left panel: best model obtained assuming 
the Asano et al. ( 2013 ) dust accretion prescriptions (Model 5 

′ 
of Table 2 ). The black, dark gre y, gre y, an,d light grey curves represent the evolutionary tracks 

at radii 3, 6, 9, and 12 kpc, respectively. Other symbols are as in Fig. 11 . Right panel: best model obtained assuming the Mattsson et al. ( 2012 ) dust accretion 
prescriptions (Model 9 

′ 
of Table 2 ). The dark bro wn, bro wn, light bro wn and orange curves represent the evolutionary tracks at radii 3, 6, 9, and 12 kpc, 

respectively. The other symbols and lines are as in the left panel. 
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n this context, the knowledge of the filling factor of the warm and
ot medium driven by pre-SNe and SN feedback and its dependence
n the environment is fundamental. Such quantity is determined by
utual interactions of SN remnants at various radii and their impact

n the multiphase medium, which has instead already been treated
n various works. 

In the innermost regions of galactic discs, the evolution of SN
emnants might indeed be different than at outer radii. Yalinewich,
iran & Sari ( 2017 ) showed that at small distances from the Galactic
entre, SN remnants e volve dif ferently than at outer radii because of

he higher abundance of young massive stars. These stars continu-
usly emit stellar winds with total mass-loss rate of ∼ 10 −3 M � yr −1 

nd propagating with typical velocity of ∼700 km s −1 (Rockefeller
t al. 2004 ). Instead of a static, uniform density medium, a SN
xploding near the Galactic centre propagates into a continuously
ind-swept environment and a steep density profile, causing a non-

pherical expansion of the SN remnant Rimoldi et al. ( 2015 ), due
NRAS 523, 2351–2368 (2023) 
o a faster deceleration of the fluid moving towards the centre. This
ight influence the interactions between different SN bubbles and

he impact of stellar feedback. 
By means of three-dimensional hydrodynamic simulations of the

alactic disc, Melioli et al. ( 2009 ) studied the evolution of galactic
ountains generated by stellar OB associations at various galactocen-
ric distances, in a model that includes differential galactic rotation
nd a gaseous halo. The energy restored by OB associations generates
everal hot cavities in the disc, whose lifetime and o v erlapping are
etermined by the duration of SN activity, local density, and rotation.
hese factors strongly influence the filling factor of the hot cavities

hat drops sharply towards the smallest galactic radii. This finding is
upported also by observations of local galactic discs. In a detailed
tudy of the H I holes in the spiral galaxy NGC 69456, Boomsma
t al. ( 2008 ) find that the hole co v ering factor drops sharply towards
mallest galactic radii. This effect is ascribed to both a drop of the
 I column density and to the stronger shear, shortening the hole

art/stad1316_f11.eps
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Figure 13. Dust-to-baryon ratio (DBR) as function of the gas fraction for the best models at different galactocentric radii. Left panel: best model obtained 
assuming the Asano et al. ( 2013 ) dust accretion prescriptions (Model 5 

′ 
of Table 2 ). The black, dark gre y, gre y, and light grey curves represent the evolutionary 

tracks at radii 3, 6, 9, and 12 kpc, respectively. Right panel: best model obtained assuming the Mattsson et al. ( 2012 ) dust accretion prescriptions (Model 9 
′ 

of 
Table 2 ). The dark bro wn, bro wn, light bro wn, and orange curves represent the evolutionary tracks at radii 3, 6, 9, and 12 kpc, respectively. The other symbols 
and lines are as in Fig. 11 . 
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Figure 14. Ratios between accretion, destruction, and stardust production 
time-scales for Model 5 

′ 
(black lines) and Model 9 

′ 
(brown lines) of Table 2 

as a function of time and at a galactic radius of 8 kpc. Top panel: ratio between 
stardust production and accretion time-scales. Central panel: ratio between 
stardust production and destruction time-scales. Bottom panel: ratio between 
accretion and destruction time-scales. In each panel, the thin, grey dashed 
line indicates a ratio equal to 1, corresponding to the equilibrium between the 
two processes. 
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ifetimes and therefore decreasing their o v erlapping. Della Bruna 
t al. ( 2022 ) present a study based on the Multi Unit Spectroscopic
xplorer (MUSE) of the properties of H II regions in the nearby spiral
alaxy M83, aimed at quantifying the effects of stellar feedback in 
ifferent galactic environments. They compare the internal pressure 
f H II regions with the environmental pressure, finding that in the
nnermost regions ( R ≤ 0.5 kpc) the latter is almost one order of
agnitude higher than the former, indicating that stellar feedback is 

ot sufficient to drive the expansion of the ionized regions. On the
ther hand, in more external zones, H II regions are overpressurized, 
herefore they can expand. This indicates that the strength of early 
tellar feedback increases at increasing galactic radii. 

In this framework, in our model a particularly inefficient destruc- 
ion at galactic radii < 1 kpc might be qualitatively explained by a
esser impact of stellar feedback at small galactocentric distances. To 
est this hypothesis quantitatively, 3D hydrodynamical simulations 
f a realistic galactic disc will be required, in which stellar feedback
nd dust destruction are taken into account. 

.4.2 On the balance between destruction and accretion in galaxies 

ne often debated aspect in studies of dust evolution concerns which 
rocesses among stardust production, accretion, and destruction 
ffect most the dust budget in galaxies. In Fig. 14 , we show the
elative roles of these mechanisms in the best models of our set,
.e. Model 5 

′ 
and Model 9 

′ 
, through the ratio between the time-

cales of each processes, both computed at a galactocentric radius 
 = 8 kpc, representative of the entire galaxy. The accretion and
estruction time-scales are defined in Section 3.2 , whereas the 
roduction time-scale is the ratio between the cumulative mass of 
ust and the total stardust production rate, computed including both 
GB stars and SNe. In Model 5 

′ 
, the stardust production dominates

 v er accretion and destruction only at early times, i.e. up to ∼5
nd 2 Gyr, respectively. Model 9 

′ 
has a more prolonged dominion 

f production by stars, extending up to 6 and 8 Gyr over accretion
nd destruction, respectively. Model 5 

′ 
settles on a quasi-equilibrium 

etween destruction and accretion after 8 Gyr, which continues up 
o the present time. At a comparable epoch the ratio between the
ime-scales of these processes becomes approximately constant in 

odel 9 
′ 
, which also protracts to the present time. Ho we ver, the two
MNRAS 523, 2351–2368 (2023) 
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odels predict two distinct behaviours regarding the relative roles of
ust production and destruction and their evolution, as they settle on
o different values of the ratio τ acc / τ destr . 

Several models rely on the primary role of accretion in determining
he galactic dust budget (e.g. Dwek 1998 ; Calura et al. 2008 ; Gall,
jorth & Andersen 2011 ; Valiante et al. 2011 ; Mattsson et al. 2014 ).
n the other hand, Gall & Hjorth ( 2018 ) performed an empirical

tudy of the dust mass in high- and low- z galaxies, in which they
xplore a simple dust production scenario that applies to star-forming
ystems. They considered star-forming massive galaxies and local
alaxies, including the MW and the Magellanic Clouds, and a wide
et of measurements of the dust mass in SNe and SN remnants
t various stages. In their study, the observed dust masses can be
ccounted for by a simple model in which SNe produce the majority
f the dust in the current star formation episode, on time-scales � 10–
00 Myr. Ho we v er, their results do not e xclude the formation of dust
hrough rapid grain growth out of the metals expelled by massive
tars. Rapid destruction and reformation of the dust is also allowed, as
ong as the two terms are roughly balanced, similar to Model 5 

′ 
. At the

oment it is very difficult to determine which of these possibilities
s the most realistic. In fact, the study of the cosmic evolution of
he comoving mass density of dust indicates that the destruction

ust play an important role. This is indicated by the decrease of
he dust mass at z < 2 (Pozzi et al. 2020 ), mainly reproduced by

odels in which the observed decrease of the dust mass is determined
y destruction and stardust production has a marginal role at these
pochs (Gioannini et al. 2017b ). In the framework of our models, in
his case the implication is that accretion also must play a primary
ole in the survi v al of dust in galaxies. 

 C O N C L U S I O N S  

he DustPedia project offers a wealth of multiwavelength constraints
n a large sample of local galaxies of various morphological types
Davies et al. 2017 , 2019 ; Casasola et al. 2020 ). In the past, these
onstraints have been used within a statistical framework, to achieve
onstraints on chemical and dust evolution parameters for nearby
alaxies (De Vis et al. 2021 ). 

In this paper, we introduce a multizone chemical evolution model
f one DustPedia galaxy, M74, calibrated by means of MCMC
ethods. For this purpose, we use exquisite, high-resolution data

ollected to study spatially resolved fundamental scaling relations
such as the Main Sequence and the Schmidt–Kennicutt law) in disc
alaxies (Enia et al. 2020 ; Morselli et al. 2020 ; Casasola et al. 2022 ).
e take into account the stellar mass and gas profiles obtained in

hese studies, and use Bayesian analysis to constrain two fundamental
arameters defining the evolution of M74, the accretion time-scale τ ,
nd the SF efficiency ν, in both cases as a function of galactocentric
adius R , defined as the distance between a given annuli and the
entre of M74. The best model derived with this method is then
sed to investigate the dust content of M74, comparing the observed
ust density profile with the results of our chemical evolution model.
arious prescriptions have been considered for tw o k ey parameters,

.e. the typical dust accretion time-scale τ 0 and the mass of gas
leared out of dust by a SN remnant, M clear , playing a primary role
n regulating the dust growth and destruction rate, respectively. Our
esults can be summarized as follows. 

(i) Our analysis supports an accretion time-scale increasing with
 , thus supporting an ‘Inside-Out’ formation for M74. This confirms

he result found for the accretion time-scale of the MW considering
he spatial dependence of the chemical abundances obtained from
arious diagnostics, such as the ‘G-dwarf’ distribution at various
NRAS 523, 2351–2368 (2023) 
alactocentric radii and the abundance gradient, as traced by the gas
r young stars (Matteucci & Francois 1989 ; Romano et al. 2000 ;
hiappini et al. 2001 ). 
he SF ef ficiency sho ws a decreasing trend as a function of radius.
his is also consistent with what was found in the MW from the
nalysis of the observed abundances for various chemical elements
Grisoni et al. 2018 ; Palla et al. 2020b ). 
or both quantities, our analysis indicates a weaker radial dependence

han in the MW. This implies lesser variations of the gas accretion
nd SF rates with radius, which could manifest in a lower dispersion
f the stellar ages or chemical abundances as a function of radius. 
(ii) We have tested the effects of radial gas flows on the observables

onsidered in this work, i.e. the stellar and gas density profiles
nd the metallicity gradient. We have considered various cases
or the most critical quantity characterizing this process, i.e. the
adial velocity pattern, including constant and radial-dependent
alues, by simultaneously considering other assumptions for the
adial dependence of the infall and SF la w. We hav e found
hat even values as low as −0.5 km s −1 are enough to steepen
ignificantly the metallicity gradient and the gas density profile.
ssuming net radial inflows in the galaxy and by varying the
rescriptions on the radial dependence of gas accretion and SF,
e are not able to reproduce simultaneously the observational

onstraints of M74, i.e. the stellar density , gas density , and metallicity 
radient. 
(iii) Considering various functional forms for the characteristic

ust accretion time-scale and the cleared dust mass, we are able
o account for the dust mass profiles observed in M74. Our study
utlines the de generac y between the most fundamental accretion
nd destruction parameters in shaping the interstellar dust content
n galaxies, as two models with different prescriptions provide
emarkably similar results for dust density profile. These two
odels envisage a different current balance between destruction and

ccretion, in that both an equilibrium and a dominion of accretion
 v er destruction can equally reproduce the available constraints. On
uch lager scales, a scenario in which destruction plays a marginal

ole seems perhaps excluded by the observed decreasing evolution
f the comoving dust mass density, difficult to account for by means
f astration only. 
(iv) Despite their de generac y, the two best models obtained here

an reproduce the observed dust density profile at all radii except
n the innermost regions ( R < 2 kpc), where the dust content is
nderestimated. In both cases, the dust destruction rate has to be
educed by a factor of 1/3 to increase the dust mass observed in the
ost central regions of M74. A particularly inefficient destruction at

mall galactic radii < 1 kpc can be qualitatively explained by a lesser
mpact of stellar feedback at small galactocentric distances. This is
upported by studies performed with hydrodynamical simulations
f a MW-analogue, showing that filling factor of the hot cavities
enerated by OB stars drops sharply towards the smallest galactic
adii (Melioli et al. 2009 ) and is confirmed also by observational
tudies of the spatial distribution of H II regions in local discs (Della
runa et al. 2022 ). 

Although the results presented in this work can be impro v ed in
arious aspects, our aim is to deliver a model that accounts for the star
ormation history of the Dustpedia galaxy M74, whose reliability has
een assessed on a quantitative basis, using a parametric approach
nd considering a pre-determined set of observational constraints.
his aim is complementary to the ones of other models, such as
osmological ones, in which it is more difficult to tailor a model
o a specific system that accurately accounts for observables such
s gas and stellar density profiles. In the future, we plan to use
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he methods described in this paper to extend our study to more
ustPedia galaxies, in order to derive fundamental constraints on 

heir star formation history and the evolution of their dust content. 
his will lead to significant progress in our understanding of galactic 
volution, outlining further the roles played by the most fundamental 
arameters that regulate it and the differences between individual 
alaxies. 
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