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ABSTRACT

Aims. The purpose of this work is the characterization of the radial distribution of dust, stars, gas, and star-formation rate (SFR) in a
sub-sample of 18 face-on spiral galaxies extracted from the DustPedia sample.

Methods. This study is performed by exploiting the multi-wavelength, from ultraviolet (UV) to sub-millimeter bands, DustPedia
database, in addition to molecular ('>CO) and atomic (Hi) gas maps and metallicity abundance information available in the literature.
We fitted the surface brightness profiles of the tracers of dust and stars, the mass surface density profiles of dust, stars, molecular gas,
and total gas, and the SFR surface density profiles with an exponential curve and derived their scale-lengths. We also developed a
method to solve for the CO-to-H, conversion factor (aco) per galaxy by using dust and gas mass profiles.

Results. Although each galaxy has its own peculiar behaviour, we identified a common trend of the exponential scale-lengths vs.
wavelength. On average, the scale-lengths normalized to the B-band 25 mag/arcsec? radius decrease from UV to 70 um, from 0.4 to
0.2, and then increase back up to ~0.3 at 500 microns. The main result is that, on average, the dust mass surface density scale-length
is about 1.8 times the stellar one derived from IRAC data and the 3.6 um surface brightness, and close to that in the UV. We found
a mild dependence of the scale-lengths on the Hubble stage T: the scale-lengths of the Herschel bands and the 3.6 um scale-length
tend to increase from earlier to later types, the scale-length at 70 um tends to be smaller than that at longer sub-mm wavelength with
ratios between longer sub-mm wavelengths and 70 um that decrease with increasing T. The scale-length ratio of SFR and stars shows
a weak increasing trend towards later types. Our aco determinations are in the range (0.3 —9) M pc~? (K km s™')~!, almost invariant

by using a fixed dust-to-gas ratio mass (DGR) or a DGR depending on metallicity gradient.

Key words. ISM: dust, extinction - ISM: molecules - galaxies: ISM - galaxies: spiral - galaxies: structure - galaxies: photometry

1. Introduction

The mass of the interstellar medium (ISM) is composed of gas
for ~99% (~75% as hydrogen and ~25% as helium), and pri-
marily of dust for the remaining ~1%. The ISM is of vital im-
portance for the formation and evolution of galaxies since it is
in the environment from which stars are formed. Stars indeed
form inside dense molecular clouds, from the conversion of gas
into stars (e.g., Krumholz 2011), while this gas is also ejected
through stellar winds and supernova explosions (e.g., Veilleux et
al. 2005). The formation of hydrogen molecules (H;), the raw
material for star formation (SF), takes place on the surfaces of

* DustPedia is a project funded by the EU under the heading ‘Ex-
ploitation of space science and exploration data’. It has the primary
goal of exploiting existing data in the Herschel Space Observatory and
Planck Telescope databases.

dust grains (Gould & Salpeter 1963) that are formed from super-
nova/stellar ejecta and/or in the ISM (e.g., Draine 2003).
Although the dust constitutes a small percentage of the ISM,
understanding its spatial distribution is of particular importance
for two reasons. First, the dust affects our view of galaxies at
different wavelengths, by absorbing ultraviolet (UV) and optical
light and reemitting it in the infrared (IR). Correcting for dust ex-
tinction is usually the main source of uncertainty when deriving
properties such as the star-formation rate (SFR), age, or metal-
licity (e.g., Calzetti et al. 1994; Buat & Xu 1996; Calzetti 2001;
Pérez-Gonzilez et al. 2003). Secondly, the dust constitutes an
important element in the chemical evolution of the ISM. Metals
resulting from stellar nucleosynthesis are returned to the ISM,
either as gas and solid grains condensed during the later stages
of stellar evolution; they can later be destroyed and incorporated
into new generations of stars. Elements are injected into the
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ISM at different rates (see e.g., Dwek et al. 2009). For instance,
atomic bounds of carbon are most likely responsible for the
emission features, whose carriers are ofter identified with Poly-
cyclic Aromatic Hydrocarbons (PAHs); they might have been
originally produced in AGB stars, whose typical lifetimes are a
few Gyr (e.g., Marigo et al. 2008; Cassara et al. 2013; Villaume
et al. 2015; Simonian & Martini 2016). Other elements may
be synthesized in more massive stars, which die as supernovae
in shorter timescales. Thus, the abundance of the MIR emis-
sion feature carriers and the dust-to-gas mass ratio (DGR) are
expected to vary with the age of the stellar populations and cor-
relate with the metal (e.g., oxygen and nitrogen) abundance of
the gas (see e.g., Galliano et al. 2008). However, dust formation
results from a long chain of poorly-understood processes, from
the formation and injection into the ISM of dust seeds formed in
the atmospheres of AGB stars or in SNe ejecta, to grain growth
and destruction in the ISM (e.g., Valiante et al. 2009; Asano et
al. 2013; Mattsson et al. 2014; Rémy-Ruyer et al. 2014; Bocchio
et al. 2016). Based on Draine (2009), only ~10% of interstel-
lar dust is directly formed in stellar sources, with the remain-
ing ~90% being later condensed in the ISM. However, Jones &
Nuth (2011) found that the destruction efficiencies might have
been severely overestimated. They concluded that the current
estimates of global dust lifetimes could be uncertain by factors
large enough to call into question their usefulness (see also Fer-
rara et al. 2016).

The connection between dust, gas, and stars (and SF pro-
cesses) has been investigated mainly through spatially unre-
solved studies of the ISM components and stars/SF (e.g., Buat
et al. 1989; Buat 1992; Kennicutt 1989, 1998a; Deharveng et
al. 1994; Cortese et al. 2012; Clark et al. 2015; Rémy-Ruyer et
al. 2015; De Vis et al. 2017). Although these works are use-
ful for characterizing global disk properties, understanding inti-
mately the structure of galaxies requires resolved measurements.
Thanks to IR and sub-millimeter (sub-mm) data from space
telescopes (e.g., Spitzer and Herschel) together with ground-
based facilities (e.g., IRAM-30m, IRAM-PdBI now NOEMA,
ALMA), we also have resolved measurements of dust and gas for
large samples of nearby galaxies even beyond the Local Group
(e.g., Wong & Blitz 2002; Bigiel et al. 2008; Schruba et al. 2011;
Muiioz-Mateos et al. 2009a; Casasola et al. 2015).

Although the ISM is distributed in an irregular manner be-
tween the stars, following a variety of structures (e.g, clouds,
shells, holes, and filaments), the dust and molecular component
of the ISM, and stars are all generally distributed in a disk, of-
ten with an exponential decline of surface density with radius
(e.g., Alton et al. 1998; Bianchi 2007; Bigiel et al. 2008; Mufioz-
Mateos et al. 2009a; Hunt et al. 2015). The relative distribution
of the dust components emitting at different infrared (IR) and
sub-mm wavelengths gives information on the dominant heating
mechanism of dust. In general, dust emission within galaxies is
powered by radiation coming from both sites of recent SF and
from more evolved stellar populations, as well as from the pres-
ence of Active Galactic Nuclei (AGN, e.g. Draine & Li 2007).
There is a long-standing debate about the exact fraction of dust
heating contributed by each stellar population (e.g., Law et al.
2011; Boquien et al. 2011; Bendo et al. 2012, 2015; Hunt et al.
2015), which depends on several factors such as the intrinsic
spectral energy distribution (SED) of the stellar populations, the
dust mass and optical properties, as well as the relative dust-star
geometry.

Radial profiles of dust and stars are strong diagnostics to dis-
tinguish between the relative distributions and to understand how
dust is heated. Based on this, Alton et al. (1998; see also Davies
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et al. 1999), by comparing the ISO 200 um observations (Full
Width Half Maximum, FWHM = 2’) with improved resolution
IRAS 60 and 100 ym data (FWHM=1-2") for 8 nearby spiral
galaxies, found that cold dust (~18-21 K) detected by ISO be-
comes more dominant at larger radii with respect to warm dust
(~30 K) revealed by IRAS. The comparison of the 200 ym im-
ages with B—band data also showed that the cold dust is radi-
ally more extensive than stars (the latter traced, in some mea-
sure, by the blue light). With higher resolution Spitzer obser-
vations of 57 galaxies in the SINGS sample, Mufioz-Mateos et
al. (2009a) instead found that the distribution of the dust mass
(derived from SED fits up to the longest available wavelength
of 160 um; FWHM = 38”) has a similar scale-length to that
measured for stellar emission at 3.6 um. However, the result is
not incompatible with that of Alton et al. (1998), since near-IR
(NIR) surface brightness profiles are steeper than in the optical.

The advent of Herschel allowed to reach a competitive res-
olution beyond the peak of thermal dust emission. In a prelim-
inary, qualitative analysis of the surface brightness profiles of
the two grand-design spirals NGC 4254 (M 99) and NGC 4321
(M 100), Pohlen et al. (2010) showed that cold dust detected
with Herschel-SPIRE data (250 yum-FWHM = 18", 350 um—
FWHM = 24”, 500 um—FWHM = 36”) extends to at least the
optical radius of the galaxy and shows features at similar loca-
tions as the stellar distribution. Scalelengths at 250 um were
derived for the 61 galaxies in the sample of the project Key In-
sights into Nearby Galaxies: Far-Infrared Survey with Herschel
(KINGFISH, Kennicutt et al. 2011) by Hunt et al. (2015). They
confirmed the results of Mufioz-Mateos et al. (2009a), i.e. of the
similarity between NIR and FIR scale-lengths. They did not pro-
vide, however, scale-lengths at the larger wavelength accessible
to SPIRE in the sub-mm, nor for the dust mass distribution that
could be derived by resolved SED fitting. The scale-length of an
averaged dust-mass profile was recently determined by Smith et
al. (2016), from a stacking analysis of 45 low-inclination galax-
ies part of the Herschel Reference Survey (HRS, Boselli et al.
2010). Since the main focus of the work was the detection of
dust in the outskirt of spiral disks, scale-lengths for individual
objects were not analysed and shown.

In this paper, we study the spatial variations of dust, stars,
gas, and SFR of a sample of 18 nearby, spiral, face-on galaxies
extracted from the DustPedia sample! by analyzing their sur-
face brightness and mass surface density profiles (see Davies et
al. 2017, for a detailed description of the DustPedia project and
sample). To perform this we exploit the multi-wavelength (from
UV to sub-mm wavelengths) DustPedia database?. This paper
covers -with continuity- a wider wavelength range, that is homo-
geneously treated, with respect to previous works dedicated to
scale-lengths of stars, dust and other ISM components in galax-
ies.

The paper is organized as follows. In Sect. 2 we outline the
sample selection and in Sect. 3 we present the different data used
in this work. In Sect. 4 we describe the adopted procedure to ho-
mogenize the dataset, and in Sect. 5 the methods adopted to de-
rive the mass of dust, stars, and gas and the SFR. Sec. 6 presents
the surface brightness profiles and mass and SFR surface density
profiles, their exponential fits and corresponding scale-lengths,
while Sec. 7 describes the method we developed to solve for
single CO-to-H; conversion factors by using dust and gas mass
profiles. Finally, in Sect. 8 we summarize our main results.

! http://www.dustpedia.com/
2 http://dustpedia.astro.noa.gr/
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2. The sample selection

For the purpose of this work, we selected large spiral galaxies
from the DustPedia sample with a small (or moderate) disk in-
clination, imaged over their whole extent with both PACS and
SPIRE in Herschel. We first searched for objects with Dp5 > 6’ 3
in the B—band and with Hubble stage T ranging from 1 to 8 (in-
cluding galaxies with classifications from Sa to Sdm, as listed
in the Nearby Galaxy Atlas; Tully 1988). We then refined the
search after measuring the extent of the galaxy in the 250 ym im-
ages at the isophote of 12 mJy/beam (i.e. at twice the confusion
noise, a sensitivity achieved in all SPIRE images; Nguyen et al.
2010). A total of 18 galaxies were found with PACS and SPIRE
data and sub-mm minor-to-major axis ratio (d/D)syp-mm = 0.4
and Dgp-mm > 9’, corresponding to ~15 resolution elements in
the SPIRE 500 um maps.

The final sample includes galaxies with all sorts of pecu-
liarities, such the presence of bars and/or signatures of interac-
tion with companions. All galaxies are indeed present in the
sample of interacting galaxies of Casasola et al. (2004) that in-
cludes more than 1000 galaxies appearing to be clearly inter-
acting with nearby objects and presenting tidal tails or bridges,
merging systems and galaxies with disturbed structures. We
also checked the presence of AGN in our sample. Ten of the
eighteen sample galaxies are classified as low-luminosity AGN
(Lx < 10* erg s7!), including Seyferts and low-ionization nu-
clear emission-line region (LINER) galaxies, while the reaming
sources have H m nuclei (except for NGC 300 for which there is
no nuclear classification, to our knowledge). Table 1 collects the
main properties of the sample galaxies, that are listed in order of
decreasing Djs.

3. The data

In this section we present the data collected for the studied
galaxy sample, whose main properties are listed in Tables 2 and
3. Most of the used data have been retrieved from the DustPedia
database except for molecular ('>CO) and atomic (Hr) gas maps,
a fraction of the optical images, and information on metallicity.

3.1. Herschel data and their reduction

We used both PACS (70, 100, and 160 um) and SPIRE (250,
350, and 500 um) Herschel maps. PACS images have FWHM of
6, 8, and 12" at 70, 100, and 160 um, respectively, and SPIRE
images of 18, 24, and 36” at 250, 350, and 500 um, respectively.
The reduction of these data for the entire DustPedia sample, in-
cluding galaxies studied in this paper, has been performed by the
DustPedia team. Davies et al. (2017) describe in detail the data
reduction adopted for both PACS and SPIRE observations. Fi-
nal reduced Herschel images as well as the other ones present
in the DustPedia database are in units of Jy pix~! (for details on
the database, see Clark et al. 2017). The Herschel images have
been used to derive the FIR/sub-mm light distribution and the
dust mass surface density profile (Sect. 5.1).

3.2. GALEX data

We used ultraviolet (UV) images of our sample galaxies ob-
served by the Galaxy Evolution Explorer (GALEX) satellite in its

3 D,;s is defined as the length the projected major axis of a galaxy at
the isophotal level 25 mag/arcsec? in the B—band (this is the diameter
of the galaxy if it is a disk).
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far-ultraviolet (FUV, A = 1516 A) and near-ultraviolet (NUYV,
Ao = 2267 A) bands. The GALEX images have FWHM in the
range 4”/0—4'!5 and 570-5"’5 for the FUV and NUYV bands, re-
spectively.

Massive, young stars emit most of their energy in this part of
the spectrum and at least in star-forming galaxies they outshine
the emission from any other stage of the evolution of a com-
posite stellar population (e.g., Bruzual & Charlot 2003). There-
fore, the flux emitted in the UV in spiral (and irregular) galax-
ies is an excellent measure of the current SFR (e.g., Kennicutt
1998b). Additionally, the light emitted in the UV can be very
efficiently absorbed by dust and then re-emitted at far-IR (FIR)
wavelengths. Therefore, an analysis of the energy budget com-
paring the IR and UV emission is a powerful tool to determine
the dust attenuation of light at all wavelengths (e.g., Buat et al.
2005; Cortese et al. 2006; Mao et al. 2012). However, an analy-
sis on the energy budget is beyond the scope of this paper. The
GALEX images have been used to derive the UV stellar light dis-
tribution and the SFR surface density profiles together with IR
emission (Sect. 5.4).

3.3. SDSS and SINGS data

We used two optical datasets. The first one consists of im-
ages originally from the Sloan Digital Sky Survey (SDSS), Data
Release 12 (DR12%, York et al. 2000). We used images in g
(4686 A) and i (7480 A) wavebands for 9 sample galaxies. The
FWHM is of ~1”74 and ~1’/2 for g and i waveband, respectively.
The second optical dataset we used is not contained in the Dust-
Pedia database. These images come from “The Spitzer Infrared
Nearby Galaxies Survey - Physics of the Star-Forming ISM and
Galaxy Evolution” (SINGS?) collaboration, that obtained opti-
cal BVRI data for the galaxies in the SINGS sample. We used
B (4360 A) and R (7480 A) wavebands for other two sample
galaxies. The FWHM is of ~1-2" in both wavebands.

The optical light revealed in g and i SDSS and B and R
SINGS images traces the young blue stellar content of a galaxy
(e.g., Bruzual & Charlot 1993; Maraston 2005; Piovan et al.
2006; Cassara et al. 2013). These images have been used both
to derive the optical stellar light and stellar mass surface density
profiles of the sample galaxies (see Sect. 5.2).

3.4. Spitzer data

We used NIR images, originally obtained with the IRAC cam-
era on Spitzer at 3.6 and 4.5 yum. These images have a median
FWHM of ~1"/7 for both wavebands.

The IRAC 3.6 and 4.5 ym bands are sensitive mainly to the
dust penetrated old stellar component. Since these NIR channels
are nearly minimally sensitive to dust absorption and emission
(e.g., Fazio et al. 2004; Willner et al. 2004), the corresponding
images are used as tracers of the stellar mass distribution (e.g.,
Kennicutt et al. 2003; Helou et al. 2004). Younger (hotter) stars
are not expected to contribute significantly to the observed stellar
emission. However, due to their strong UV fluxes, these younger
stars can heat their surrounding dust, which, in turn, re-radiates
at longer wavelengths and can also account for a significant frac-
tion of the light at 3.6 um (e.g., Meidt et al. 2012). The IRAC 3.6

4 DRI12 is the final data release of the SDSS-III, containing all SDSS
observations through July 2014 and encompassing more than one-third
of the entire celestial sphere, https://www.sdss3.org/

5 http://irsa.ipac.caltech.edu/data/SPITZER/SINGS/, see also Dale et
al. (2017) for the new recalibration of the whole dataset.
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Table 2: Main properties of the Herschel images and the ancillary ones used for this work. These images are from the DustPedia

database, except for the SINGS ones.

Instrument/Survey ~ Wavelength FWHM Ref. FWHM Pixel size
[//] [//]
GALEX-FUV? 1516 A 4.0-4.5 1 32
GALEX-NUV? 2267 A 5.0-5.5 1 32
SDSS-g" 4686 A 1.4 2 0.45
SDSS- 7480 A 1.2 2 0.45
SINGS-B°¢ 4360 A ~1-2 3 0.433
SINGS-R® 6440 A ~1-2 3 0.433
Spitzer-IRAC-1?2 3.6 um 1.7 4 0.75
Spitzer-IRAC-2° 4.5 ym 1.7 4 0.75
WISE-W3? 12 ym 6.8 5 1.375
WISE-W42 22 ym 11.8 5 1.375
Herschel-PACS? 70 um 6 6 2
Herschel-PACS® 100 pum 8 6 3
Herschel-PACS? 160 um 12 6 4
Herschel-SPIRE? 250 um 18 7 6
Herschel-SPIRE? 350 ym 24 7 8
Herschel-SPIRE® 500 um 36 7 12

Notes. @ Available data for the whole sample. ® Available data for 9 sample galaxies: NGC 5457 (M 101), NGC 2403, NGC 3031 (M 81),
NGC 5194 (M 51), NGC 5055 (M 63), NGC 4736 (M 94), NGC 3521, NGC 4725, and NGC 628 (M 74). © Data for NGC 3621 and NGC 1097.
For these two galaxies SDSS-g and SDSS-i data are not available. ¥ Available data for the whole sample except for NGC 300. © Available data
for the whole sample except for NGC 2403, NGC 3031 (M 81), NGC 5194 (M 51), and NGC 5236 (M 83). The numbers in column (4) refer to
the following references: 1) Morrissey et al. (2007); 2) Bramich & Freudling (2012); 3) http://irsa.ipac.caltech.edu/data/SPITZER/SINGS/; 4) see
“IRAC Instrument Handbook™, http://irsa.ipac.caltech.edu/data/SPITZER/docs/irac/iracinstrumenthandbook/; 5) see “Explanatory Supplement to
the WISE All-Sky Data Release Products ”, http://wise2.ipac.caltech.edu/docs/release/allsky/expsup/index.html; 6) see “PACS Observer’s Man-
ual”, http://herschel.esac.esa.int/Docs/PACS/html/pacs_om.html; 7) see “The Spectral and Photometric Imaging Receiver (SPIRE) Handbook”,

http://herschel.esac.esa.int/Docs/SPIRE/html/spire_om.html.

and 4.5 um images have been used both to derive the NIR stel-
lar light and stellar mass surface density profiles of the sample
galaxies (see Sect. 5.2).

3.5. WISE data

We used mid-IR (MIR) images at 12 ym and 22 um bands origi-
nally taken with the Wide-field Infrared Survey Explorer (WISE,
Wright et al. 2010). The median FWHM is 6’8 and 11’/8 for the
12 yum and 22 pym images, respectively.

The W3 band covers the complex of emission bands at 8—
13 um imputed to carbonaceous material as well as the broad
silicate absorption feature at 10 um. The W4 band, on the other
hand, is free of these emission features: it therefore serves as a
good measure of the pure dust continuum, sampling warm dust
in the high temperature tail of the typical distribution of grains
and/or non-thermal emission from stochastically heated grains.
The W3 and W4 WISE images have been used to derive the
corresponding MIR emission profiles and the 22 ym-W4 im-
ages have been combined with the GALEX-FUV ones to cor-
rect the FUV luminosity for dust attenuation, and subsequently,
derive maps tracing the current SFR surface density profiles (see
Sect. 5.4).

3.6. Hi and '>CO images

We derived gas masses profiles for the galaxies in our sample by
using images of the Hi 21 cm emission line and of different '>2CO
emission lines for tracing the atomic and molecular gas compo-
nent, respectively. The data were available through various sur-
veys, catalogues, and individual projects. For 15 galaxies we

retrieved Hi data, for 13 galaxies '>CO data, and for 12 of these
galaxies we have data for both Hr and '>CO emission lines. In
Table 3 we list the collected Hi and '2CO images we used. These
images are already reduced and details on the data reduction pro-
cedures are contained in the case-by-case references quoted in
Table 3. In the following, we give main information on these
images.

Concerning the atomic gas component, for 13 galaxies Hr
maps are from “The Hi Nearby Galaxy Survey” (THINGS, Wal-
ter et al. 2008)°. THINGS is a program undertaken at the NRAO
Very Large Array (VLA) to perform 21 cm Hi observations
of 34 nearby galaxies at the angular resolution of 6”. From
THINGS data repository we extracted reduced integrated Hi in-
tensity maps (“moment 0”) in unit of Jy beam™' m s~'. For
IC 342 we used the 21 cm Hi map available from NED cata-
logue in unit of Jy beam™' m s~! and obtained with the NRAO
VLA at the angular resolution of 38”. For NGC 4725 the 21 cm
Himap is from “Westerbork observations of neutral Hydrogen in
Irregular and SPiral galaxies” (WHISP, Swaters et al. 2002)7, a
survey undertaken at the Westerbork Synthesis Radio Telescope
(WSRT) an resolution of 13722. We downloaded the reduced in-
tegrated Hr intensity map from NED in Westerbork Unit (1 W.U.
=2.2 % 10% H atoms cm™2).

Concerning the molecular gas component, for 10 sample
galaxies we used 2C0O(2-1) line intensity (230 GHz/1.3 mm,
rest frame) maps from “The HERA CO-Line Extragalactic Sur-
vey” (HERACLES, Leroy et al. 2009)8. HERACLES is a Large

6 http://www.mpia.de/THINGS/Overview.html
7 http://www.astro.rug.nl/ whisp/
8 http://www.mpia.de/HERACLES/Data.html
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Table 3: Collected Hi 21 cm and >CO (1-0 or 2—1) emission line data used to derive the mass surface density of the atomic and

molecular gas, respectively.

Galaxy Instrument HI (FWHM)  Ref. Hi  Pixel size HI  Instrument ?CO (FWHM)  Ref. ?CO ("?’CO line)  Pixel size ?CO
NGC 5457 (M 101) VLA (67) I 17 IRAM 30 m (117) 42D 27
NGC 3031 (M 81) VLA (6”) 1 11” BIMA (6”) 5 (1-0) 1
NGC 2403 VLA (6”) 1 11” IRAM 30 m (11”) 4 (2-1) 2
IC 342 VLA (38”) 2 6" NRO 45m (15”) 6 (1-0) 1
NGC 300

NGC 5194 (M 51) VLA (6”) 117 IRAM 30 m (11”) 4 (2-1) 2
NGC 5236 (M 83) VLA (6”) 1 11”

NGC 1365

NGC 5055 (M 63) VLA (6”) 1 11” IRAM 30 m (11”) 4(2-1) 2"
NGC 6946 VLA (6”) 1 1” IRAM 30 m (11”) 4(2-1) 2"
NGC 925 VLA (6”) 1 11” IRAM 30 m (11”) 4 (2-1) 2"
NGC 1097 ATFN Mopra 22 m (30”) 7 (1-0) 1
NGC 7793 VLA (6”) 1 11”

NGC 628 (M 74) VLA (6”) 1 117 IRAM 30 m (11”) 4 (2-1) 2"
NGC 3621 VLA (6”) 1 11”

NGC 4725 WSRT (137/22) 3 13722 IRAM 30 m (11”) 4 (2-1) 2"
NGC 3521 VLA (6”) 1 117 IRAM 30 m (11”) 4 (2-1) 2
NGC 4736 (M 94) VLA (6”) 1 11”7 IRAM 30 m (11”) 4 (2-1) 2"

Notes. References for the Hi and ?CO FWHM values are: 1) THINGS survey (Walter et al. 2008); 2) NED (Crosthwaite et al. 2001); 3) WHISP
survey from NED (Swaters et al. 2002); 4) HERACLES survey (Leroy et al. 2012); 5) BIMA SONG survey (Helfer et al. 2003); 6) Nobeyama CO
Atlas of Nearby Spiral Galaxies (Kuno et al. 2007); 7) Private communication (PI’s proposal: M. Smith).

Program that used the IRAM 30 m telescope to map the '2CO(2—
1) emission from 48 nearby galaxies at the angular resolution
of 11”. From HERACLES data repository we extracted the re-
duced integrated intensity maps and associated uncertainty, in
units of K km s~!. For NGC 3031 (M 81) we used the '>CO(1-
0) line intensity (115 GHz/2.6 mm, rest frame) map from BIMA
SONG and available from NED in units of Jy beam™' m s7!.
BIMA SONG is a systematic imaging study of the '2CO(1-
0) molecular line emission within the centers and disks of
44 nearby spiral galaxies performed with the the 10-element
Berkeley-Illinois-Maryland Association (BIMA) millimeter in-
terferometer at the angular resolution of 6”. For IC 342 we
downloaded the '>CO(1-0) line intensity map from “Nobeyama
CO Atlas of Nearby Spiral Galaxies”(Kuno et al. 2007)° in units
of K km s7!, a '2CO(1-0) survey of 40 nearby spiral galaxies
performed with the NRO 45m telescope at the angular resolution
of 15”. For NGC 1097, we used the '>CO(1-0) line intensity
map in units of K km s~! observed by us with the ATFN Mopra
22 m telescope (PI: M. W. L. Smith) at the angular resolution of
30”.

3.7. Metallicity abundances

We also searched for metallicity abundance information for
the face-on DustPedia sample. Pilyugin et al. (2014) com-
piled [O n] 43727443729, [O m] 45007, [N u] 16584, and
[S n] A6717+46731 emission lines (all normalised to HB) for
around 3740 published spectra of H n regions across the opti-
cal disks of 130 nearby late-type galaxies. Using these emission
lines they determined homogeneous oxygen (O/H) and nitrogen
(N/H) abundance distributions and fitted radial profiles within
the isophotal radius in every galaxy following this equation:

12 +1og(O/H) = 12 +10g(O/H), + Cosm X (r/r2s) 1)
where 12 + log(O/H),, is the oxygen abundance at ry = 0, i.e.,
the extrapolated central oxygen abundance, Co,y is the slope of

the oxygen abundance gradient expressed in terms of dex ros~!,

9 http://www.nro.nao.ac.jp/ nro45mrt/html/COatlas/
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and r/rys is the fractional radius (the galactocentric distance nor-
malized to the disk’s isophotal radius rys). All galaxies of our
sample are contained in Pilyugin et al. (2014) and we used their
metallicity values (see their Table 2) to study the variation of the
CO-to-H; conversion factor as a function of O/H abundance (see
Sects. 5.3 and 7).

We stress that different strong-line diagnostics and calibra-
tion methodologies (e.g., photoionization models versus empiri-
cal electronic temperature, T, derivations) yield substantial sys-
tematic offsets in the inferred gas metallicities (e.g., Kennicutt
et al. 2003; Moustakas et al. 2010; Lépez-Sanchez et al. 2012;
Bresolin et al. 2016), reaching values up to 0.7 dex (Kewley &
Ellison 2008). Methods calibrated from T, measurements tend to
occupy the bottom of the abundance scale. Since to our knowl-
edge abundances derived with the T.-method are not available
for the whole sample, we take advantage of using metallicity
values derived from the same calibration for our entire sample is
to have an homogeneous treatment of data.

4. Image treatment

As described in Clark et al. (2017), UV, optical, and NIR im-
ages in the DustPedia database have Galactic foreground stars
removed. The same procedure was used to remove foreground
stars in the additional SINGS images used in this work. Sky
subtraction was instead performed by defining a few (at least
five) rectangular regions of blank sky far away from everything,
containing no detectable stars and other features. The average
brightness level of these regions has therefore been subtracted
from the image. While the choice of the correct sky value might
affect the derivation of surface brightness profiles and their scale-
lengths, we checked that it has little influence for the inner disk
profiles we analyse here. Even for the outer parts of the disk
in the 70 and 100 um defining the extent of our analysis (see
Sect. 6.1), changes in the adopted sky values, within the un-
certainty of their estimate, produce negligible variations in the
results.

All images from GALEX-FUV at 1516 A to Herschel-
SPIRE at 350 um (Table 2) and Hi and 2co maps (Table 3) were
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convolved to the resolution of the 500 um (Herschel-SPIRE)
maps (36”). We chose the resolution of 500 ym, which is used
in our SED fitting procedures and defines the resolution of the
derived dust maps (Sect. 5.1). For most cases, convolution ker-
nels to the 500 um PSF are available in Aniano et al. (2011). The
higher resolution gas maps, instead, were convolved to the lower
resolution using simple gaussian kernels. The Hr map of IC 342
was left unaltered, since its angular resolution is close to that of
500 pm.

Then, all maps have been resampled to the 500 um map
pixel size (12", see Table 2). These procedures were performed
by using IDL'?, IRAF!!, and IRAM/GILDAS'? (Guilloteau &
Lucas 2000) software packages.

5. Surface density of galaxy properties

In this section we describe the adopted techniques to derive the
mass surface density of dust, stars, and gas and the SFR surface
density.

5.1. Dust mass

The dust mass surface density has been derived by comparing a
modelled SED, convolved with the Herschel filter response func-
tions, with the observed data at each position within a galaxy.
The parameters of the model were retrieved using a standard y?
minimization technique.

We adopted the optical properties and grain size distributions
of the THEMIS'? dust model, as described in Jones et al. (2013)
and successive updates (Kohler et al. 2014; Ysard et al. 2015;
Jones et al. 2017). We assumed that the emission is due to grains
exposed to a radiation field with the same spectrum as that of
the local interstellar radiation field (LISRF, Mathis et al. 1983),
and intensity scaled up and down via the parameter U to account
for different heating environments within the galaxy (U=1 for
the same conditions as in the Solar neighborhood). The dust
emission for the various U values, including both thermal and
stochastic processes, was computed with the DustEM software
(Compiegne et al. 2011).

Our approach is a simplified version of the more complex
Draine & Li (2007) procedure, which include both a radiation
field of intensity U = Upy,, responsible for most of the thermal
peak at 4 > 100 um, and a power-law distribution of higher
intensity radiation fields (U > Upi,). This second compo-
nent, though necessary to describe the emission at shorter wave-
lengths, contributes little to the dust mass determination. In fact,
applications of the method to both global and resolved SEDs
(see, e.g. Dale et al. 2012; Aniano et al. 2012, respectively)
show that only a minor fraction of the dust mass (smaller than
a few percent) is exposed to the more intense fields. Thus, fits
to A > 100 um Herschel SEDs assuming that dust is heated by a
single radiation field with U = Uy, can retrieve the bulk of the
dust mass (see also Magrini et al. 2011; Bianchi 2013).

19" http://idlastro.gsfc.nasa.gov/, Landsman (1993).

' IRAF is the Image Reduction and Analysis Facility. IRAF is writ-
ten and supported by the National Optical Astronomy Observatories
(NOAO) in Tucson, Arizona. NOAO is operated by the Association
of Universities for Research in Astronomy (AURA), Inc. under cooper-
ative agreement with the National Science Foundation.

12" http://www.iram.fr/IRAMFR/GILDAS/

13 The Heterogeneous Evolution Model for Interstellar Solids,
http://www.ias.u-psud.fr/themis/index.html

F, [MJysr]

Alum ]

Fig. 1: Example SED fits: the datapoints are from three different
positions on NGC 5457 (M 101) at R ~ 0.3, 0.5, and 0.7 X r,s,
corresponding to the local average heating conditions (fitted U =
3,2 and 1, respectively, from top to bottom).

Initially, we derived the dust mass surface density Xq,y and
radiation field intensity U for all the pixels where the Her-
schel surface brightness was larger than 20" in all bands with
A > 160um. We thus produced Xy, and U maps, in a way anal-
ogous to Magrini et al. (2011). However, this procedure could
have biased the results to flatter gradients: in about half of the
galaxies fits in the outer parts of the objects were possible only
for a fraction of the pixels, and only those were counted in the
profile determination. Conversely, by assuming that the non-
fitted pixels had null values for X4,y and U, the results would
have been biased to steeper gradients. Thus, we resorted to use
the method of Hunt et al. (2015): the dust mass surface density
profiles is directly derived by fitting, for each radial bin, the SED
resulting from the azimuthally averaged surface brightness pro-
files. The method was not our first choice, because of other po-
tential biases induced by the possible temperature mixing along
the isophotal ellipses. However, for the regions where there is
a full pixel coverage of the azimuthal bins, there is little dif-
ferences with our initial, pixel-by-pixel, determinations; instead,
for the external part of a galaxy the Hunt et al. (2015) proce-
dure allows to extend the profiles to larger distances from the
center. Errors on the fit results were estimated using a Monte
Carlo bootstrapping technique, assuming as errors for the sur-
face brightness profile the sum, in quadrature, of the standard
deviation of the mean along the elliptical annulus, and the cali-
bration error of each band. The profile determination is further
described in Sect. 6.1.

Besides the bands with 4 > 160 um the 100 ym data, when
available, was included in the fit (or used as an upper limit in
pixels with S/N < 2). For galaxies with available 70 um images,
the data were used as an upper limit, in order to avoid contam-
ination from grains heated by more intense radiation fields that
we do not include in our approach. The inclusion of upper limits
in the fit was achieved as in Rémy-Ruyer et al. (2013): first, a
fit was performed without 70 um data or < 20 signal at 100 um;
if the fitted SED exceeded the flux at 70 um or 20~ at 100 um,
the fit was repeated including those datapoints. Typical average
parameters retrieved from the fits are, at r = 0.5 X5, U = 1 -4
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and Zgu = 0.02 — 0.1 Mg pc?, depending on the galaxy. An
example of the fits is given in Fig. 1.

Given the various reports on the ability of different kinds of
fits to retrieve the correct dust masses (and thus the dust sur-
face mass densities), we also experimented other approaches: a
single-temperature modified-blackbody (MBB) fit with the av-
eraged absorption cross section of our reference dust model; a
MBB with a power-law absorption cross section with spectral in-
dex 8 = 1.5 and 2, scaled on the Milky Way emissivity (Bianchi
2013); emission spectra from the Draine & Li (2007) and Com-
piegne et al. (2011) dust models. We also tried to estimate the
effect of a (maximum) contribution from hot dust, by fitting a
MBB to all galaxies with available 70 ym data after assuming
that the entire 70 um flux is due to dust at 40 or 50 K (and cor-
recting the longer wavelength bands accordingly). The dust mass
surface density changes from fit to fit, and in particular when
different dust models are used: values obtained with the Draine
& Li (2007) emission templates are about 2.7 times larger than
those from our reference THEMIS model, and those with the
Milky Way-scaled power law emissivities of Bianchi (2013) a
factor 1.5 times higher'*. Nevertheless, we found that the pro-
files (i.e. the gradients) have small differences, with changes in
the fitted scalelength that can be at most large as the error esti-
mate of the fitting procedure (see later in Sect. 6.1 and Table 6)
but in most cases smaller.

A decreasing spectral index for the absorption cross section
with radius, and thus possible variations in the dust properties
along the disk, has been reported for MBB fits to M 31 (Smith et
al. 2012a) and M 33 (Tabatabaei et al. 2014). Though this change
in properties might affect the dust gradients, we did not try fits
with varying (3, as the dust mass determination would also need
a knowledge of the unknown variations of the absorption cross
section normalization with the environment. We only note that
an apparent, flatter, absorption cross sections for colder dust at
larger radii can be produced by the mixing due to the different
temperatures attained by grains of different size and materials
(Hunt et al. 2015). This behaviour, if important in the determi-
nation of the dust gradients, should be captured by our fitting
procedure, that uses the full THEMIS grain distribution.

Since the aim of this paper is to study the radial profiles and
the corresponding scale-lengths, in the following figures we only
show dust mass profiles obtained with the full THEMIS model.
We instead not comment any further on the absolute values of

14

The difference is due almost entirely to the difference in the optical
properties of the dust models and it does not imply in itself that a par-
ticular model is better or worse than the others. For example, in Bianchi
(2013) the dust masses of galaxies in the KINGFISH sample were de-
rived assuming that the global Herschel SED could be described by a
single temperature modified blackbody and with a power-law absorp-
tion cross-section fitting the average properties of the dust model used
in the Draine & Li (2007) emission templates, that of Draine (2003).
We repeated the same estimate by using the absorption cross-section
k) = 8.52 x (250um/2)'% cm?/g, a fit to the average properties of the
THEMIS model between 70 and 700 yum. The ratio of the dust masses
derived with the two models is 2.6, essentially the same found in this
work, despite the analysis is done here for a different sample, for spe-
cific positions within each galaxy and without assuming a single tem-
perature. The difference is due mostly to the larger average absorption
cross-section of the THEMIS model with respect to Draine (2003), a
factor 2 at 250 um which converts to a factor 2 larger dust masses for
Draine (2003); and in part to the steeper spectral index of Draine (2003)
(B = 2.08 vs 1.85 in THEMIS) which results, for MBB fits, in smaller
temperatures and thus in a further increase in the dust mass estimate to
reproduce the same SED.
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the dust mass surface density. A more complete analysis on the
dust mass in DustPedia galaxies, including the contribution of
grains from different environment to the SED composition, will
be the subject of future works of the collaboration.

5.2. Stellar mass

Stellar mass is one of the most fundamental parameters describ-
ing present-day galaxies. Gavazzi et al. (1996) and Gavazzi
& Scodeggio (1996) pointed out that the structure and star-
formation history of disc galaxies are tightly linked with stel-
lar mass. These findings can be extended to all morphologies as
shown by Scodeggio et al. (2002). Bell & de Jong (2000) pointed
out that the mean stellar mass density of a galaxy might be an
even more basic parameter than the total stellar mass in deter-
mining the stellar populations in spiral galaxies. This conclusion
has been confirmed by Kauffmann et al. (2003) and extended to
all morphological types using more than 100 000 galaxies from
the SDSS.

To calculate the stellar mass surface density we adopted two
different methods. The first method makes use of the MIR im-
ages, specifically the IRAC 3.6 and 4.5 um, and the prescription
presented in Querejeta et al. (2015). They computed stellar mass
maps using the Independent Component Analysis (ICA, Meidt
et al. 2012) which is able to disentangle the contribution of the
light from old stars and the dust emission, that can significantly
contribute to the observed 3.6 um flux. Querejeta et al. (2015)
also provided a relationship between the effective stellar mass-
to-light ratio (M/L) and the observed [3.6]-[4.5] color (with 0.2
dex of uncertainties), calibrated using their optimal stellar mass
estimates and that compares well with other relations in the lit-
erature (e.g., Eskew et al. 2012; Jarrett et al. 2013; McGaugh &
Schombert 2014).

The second method we adopted is based on the optical stellar
images (SDSS and SINGS data) and the prescription of Zibetti
et al. (2009). In that paper the authors presented a method to
construct spatially resolved maps of stellar mass surface density
in galaxies based on multi-band optical/near IR imaging, and the
effective M/L at each pixel is expressed as a function of one or
two colors. We adopted the Table B1 of Zibetti et al. (2009) and
the power-law fit to the M/L ratio as a function of the optical
color (g — i) from the Bruzual & Charlot (2003) models. The
differences in stellar mass surface density between the profiles
obtained with Charlot & Bruzual (2007) and Bruzual & Charlot
(2003) models are consistent within the errors, so we report only
the results from the Charlot & Bruzual (2007) models (Zibetti,
private communication). The calculation of the stellar mass sur-
face density from optical images can be done only for a fraction
of galaxies of our sample: for 9 galaxies, we adopted the Zibetti
et al. (2009)’s procedure using the (g — i) color, being available
their SDSS images on the g and i bands, while for NGC 3621
and NGC 1097, we used the SINGS B and R images and the
corresponding power-law fit.

As shown later (Figs. 3 and A.2), stellar mass profiles ob-
tained from the optical and MIR images are in agreement for
the majority of the 9 face-on galaxies for which this compari-
son can be performed. For some galaxies (NGC 5194 (M 51),
NGC 5457 (M 101), and NGC 2403), the difference of profiles
in the absolute scaling is notable and maybe due to the adopted
optical colors. Similar offsets in stellar profiles are found also in
the analysis of the EAGLE simulations (see Camps et al. 2016;
Trayford et al. 2016).

We calculated the optical (g—i) and MIR ([3.6]—[4.5]) colors
using the aperture photometry for the 9 face-on galaxies and we
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noticed that, while the MIR colors vary in the range 0.95 — 0.97,
the optical ones go from ~0.74 for NGC 5457 (M 101) up to
~1.26 for NGC 3031 (M 81). Our conclusion is that for the
purpose of comparing the various profiles (dust, gas, stars) it
is better to consider the IRAC images, weakly dependent on the
dust with respect to the optical proxies, and the empirical relation
of Querejeta et al. (2015), that compares well with the results
obtained with other methods in the literature and that is available
for our entire sample.

5.3. Gas mass

We derived the mass surface density of atomic gas (Zyp) from
Hi 21 cm line intensity (/21cm) images, under the assumption of
optically thin Hr emission, following:

0.02 I51cm @)

where Ty is in units of Mg pc™? and Irjp in K km s7! (e.g.,
Schruba et al. 2011).

We derived the mass surface density of molecular gas (Xy,)
from the '2CO(1-0) or '2CO(2-1) line intensity (Icoqi-0) or
Icoe-1y) images, based on the their availability, by adopting a
constant value for the CO-to-H, conversion factor expressed in
form of Xco (Xco = N(H)/Ico where N(H;) is the molecu-
lar gas column density in cm™2 and Icq is the CO line inten-
sity in K km s71). We assumed a value of Xco = 2.0 x 10%
ecm™2 (K km s™)7! (e.g., Bolatto et al. 2013). This value of
Xco corresponds to a CO-to-H, conversion factor expressed in
terms of aco (aco = M(H,)/Lco where M(H») is the H, mass
in My and Lco the CO line luminosity in K km s~ pc?) of
aco = 32Mgypc~? (K km s71)~! (Narayanan et al. 2012). Xco
and aco are indeed related via Xco [(Kkms™)™!] = 6.3 x
10°aco [Me pe™? (Kkms™')~']. As is usual in the literature, we
refer to the CO-to-H; conversion factor both in terms of Xco and
@co based on the context. In the case of '?CO(2-1), we assumed
a CO line ratio ICO(2—1)/]CO(1—O) = 0.7, a typical value in HERA-
CLES and other surveys (e.g., Leroy et al. 2009; Schruba et al.
2011). The derivation of Xy, from Ico(i—0) and Ico-1), under
the assumption of optically thick '>CO emission, respectively, is
through:

S, = 417 Icou-o)
ZHz = 5.951(:0(2_1)

g =

3
“

where Ty, is in units of Mg pc~? and Icoi-0) and Icop-1y in
K km s~!. Equations (2), (3), and (4) include a factor of 1.36
to account for heavy elements (see Schruba et al. 2011). When
we refer to total gas (or the surface densities of mass of total
gas), we consider the sum of atomic and molecular gas, Xy gas =
21 + Xy (with the helium included).

5.4. Star-formation rate

We derived the surface density of the current SFR (Xgpr) com-
bining GALEX-FUV and WISE 22 um according to Bigiel et
al. (2008)’s calibration. They originally used the Spitzer 24 ym
emission to correct the dust attenuation of GALEX-FUV surface
brightness. This composite FUV+24 um SFR tracer, together
with the Ha+24 um one (Kennicutt et al. 2007; Calzetti et al.
2007), have been extensively used for a large number of nearby
galaxies (e.g., Rahman et al. 2011; Ford et al. 2013; Momose et
al. 2013).

The 22 pum flux densities can be also used to correct the FUV
luminosity for dust attenuation since typical star-forming objects

have a 22 ym emission that should be comparable to, or slightly
fainter than, the 24 um flux density (see for instance, Hao et al.
2011; Cortese 2012; Eufrasio et al. 2014; Huang & Kauffmann
2015, for published applications). We estimated Xggr from the
GALEX-FUYV emission corrected by the WISE 22 ym one using
the relation presented by Bigiel et al. (2008) by replacing 24 ym
intensity with the 22 ym one:

Tsrr = 3.2 % 1072 X Iny + 8.1 X 1072 X Ieyy

&)

, and I, and Iryy are the
-1

where Zgpg is in units of Mg yr~! kpc™

22 um and FUYV intensities, respectively, in units of MJy sr
When the 22 ym information is not available (I, = 0), Eq. (5)
reduces to the FUV-SFR calibration by Salim et al. (2007). This
calibration of Xggg is based on the initial mass function (IMF)
from Calzetti et al. (2007), which is the default IMF in STAR-
BURST99 (Leitherer et al. 1999) consisting of two power laws,
with slope —1.3 in the range 0.1 — 0.5 Mg and slope —2.3 in the
range 0.5 — 120 M . To convert to the truncated Salpeter (1955)
IMF adopted by, e.g., Kennicutt (1989), Kennicutt (1998a) or
Kennicutt et al. (2007), one should multiply our Xggr by a factor
of 1.59.

One caveat in the adopted SFR calibration is that both the
22 um and FUV emission might have a contribution from stars
that are too old to be associated with recent SF (e.g., Kennicutt
et al. 2009). FUYV is a tracer sensitive to SF on a timescale of
~100 Myr (e.g., Kennicutt 1998a; Calzetti et al. 2005; Salim et
al. 2007), while 22 ym emission, predominantly due to dust-
heating by UV photons from bright young stars, is sensitive to
a SF timescale <10 Myr (e.g., Calzetti et al. 2005, 2007; Pérez-
Gonzalez et al. 2006). Old stars (=1 Gyr) are fainter but redder
and so emit relatively stronger at 3.6 um. A method to mitigate
for the old stars is indeed based on the determination of FUV and
24 ym emission with respect to 3.6 um one in regions where SF
has ceased, and use this to remove the component of the FUV
and 24 pym emission coming from old stars (e.g., Leroy et al.
2008; Ford et al. 2013). However, Leroy et al. (2008) found
that both FUV and 24 um bands do appear to be dominated by
a young stellar population almost everywhere in their sample of
23 galaxies, including spirals and irregulars, 9 of which are in
common with our sample. For this reason we did not apply the
correction for the old star component in our sample of spirals.
Vice versa, this correction might be mandatory in the case of
elliptical galaxies, dominated by pure populations of very old
stars with no evidence of younger stars. Anyway, since we are
not interested in absolute values of the SFR, but on the radial
profiles, we do not expect significant differences on the scale-
length values derived from profiles.

6. Surface brightness profiles, and mass and
star-formation rate surface density profiles

The collected data and the analysis of the surface brightness pro-
files allowed us to study how dust emission relates to the distri-
bution of stellar light. By examining the shape of the surface
brightness profiles at each wavelength, we can make a compari-
son that is independent of the absolute calibration.

Radial surface brightness profiles were extracted from the
dust (Herschel and WISE) and stellar (GALEX, SDSS, SINGS,
and IRAC) images. We used elliptical averaging, a widely used
traditional technique which was recently proven to fare as well as
more sophisticate approaches (Peters et al. 2017). The adopted
centers, position angles (PA), inclination angles (i), and minor-
to-major axis ratios (b/a) are listed in Table 1. The PA and i
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Table 4: Inner and outer radii used for exponential fitting for each sample galaxy.

Galaxy Fin Fin Tin/T25 Tout(Prof.)  rout  Tout Tout/ 125
[']  [kpc] [l [kpc]

NGC 3457 M 101) 2.1 43 0.18 70um 9.1 185 0.76
NGC 3031 (M 81) 5.1 55 0.47 70 um 9.3 10.0 0.85
NGC 2403 41 42 0.41 2um 85 87 0.85
IC 342 21 19 0.21 70um 99 89 0.99
NGC 300 3.5 2.0 0.36 100 um 7.1 4.1 0.73
NGC 5194 M 51) 21 48 0.30 * 39 89 0.56
NGC 5236 (M 83) 2.1 4.0 0.31 70um 5.7 108 0.85
NGC 1365 1.1 5.6 0.18 70 um 35 18.0 0.58
NGC 5055 (M 63) 0.9 2.1 0.15 70 um 47 113 0.80
NGC 6946 1.1 1.8 0.19 12um 3.1 5.1 0.54
NGC 925 1.1 2.8 0.21 70 um 47 11.8 0.88
NGC 1097 1.0 63 0.21 100um 45 257 0.86
NGC 7793 1.1 1.2 0.21 70 um 4.1 4.5 0.78
NGC 628 (M 74) 1.1 2.9 0.22 70 um 4.1 10.8 0.82
NGC 3621 1.1 22 0.23 70um 45 9.1 0.92
NGC 4725 2.1 8.3 0.43 70 um 43 17.1 0.88
NGC 3521 1.1 3.9 0.27 70 um 53 185 1.27
NGC4736 M94) 09 14 0.23 70um 33 50 0.85
Mean 0.27 £ 0.09 0.82 +0.17

Notes. * For NGC 5194 (M 51) the exponential fits stop at a radius of 39,

affects surface brightness profiles at larger radii.

angles have been determined kinematically and extracted from
references listed in Table 1. The width of each annulus is the
same as the pixel size and the radial profile extraction extends
up to the largest radius for which the surface brightness is larger
than 20-. Uncertainties in the surface brightnesses as a function
of radius were calculated as the quadrature sum of the standard
deviation of the mean along the elliptical isophotes and of the
uncertainties on the sky subtraction.

Beside the dust surface density profile, whose derivation
we described in Sect. 5.1, we also produced mass surface den-
sity profiles of the stars and gas (atomic, molecular, and total),
and SFR surface density profiles, from the maps derived as in
Sect. 5.2, 5.3 and 5.4, respectively. Uncertainties in the mass
profiles as a function of radius were calculated as the quadra-
ture sum of the standard deviation along the elliptical isophotes
and the uncertainty on the mass determination. Uncertainties in
the Zgpr profiles as a function of radius were calculated as the
quadrature sum of the variation along the elliptical isophotes.

6.1. Exponential disks and scale-lengths

We fitted the surface brightness profiles of the tracers of dust and
stars, the mass surface density profiles of dust, stars, molecular
gas, and total gas, and the SFR surface density profiles with a
simple exponential curve, S = Soexp(—h/hg) where hy is the
scale-length, and S is the surface brightness (or mass/SFR sur-
face density) at the radius 4 = 0 (we do not analyze this quantity
in the present work). The exponential decline with the galactic
radius is generally a good approximation for the surface bright-
ness profiles of stellar disks (van der Kruit & Freeman 2011) and
has been extended to the description of dust and molecular disks
(e.g., Xilouris et al. 1999; Regan et al. 2001).

We excluded from the fit the central part of the surface
brightness profiles where the emission might be dominated, at
least for the stellar component, by the presence of a spheroidal
bulge. For each galaxy we determined the starting/inner radius
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lower than 74, (70 um), because its interacting companion (NGC 5195)

(rin) for the fit by eye and once selected this we adopted the same
rin for all profiles of that galaxy. Despite the choice tailored on
each object, the resulting ry, are not too dissimilar, with an aver-
age ratio ri,/rs = 0.27 and a 1-o0 scatter of 0.09. For all profiles
of a given galaxy the exponential fit extends up to the faintest
emission level at 70 um surface brightness profile (outer radius,
Fout(70 um)), or to those at 12 and 100 um when the 70 um profile
is not available (NGC 300) or it is more extended than the 12 um
(NGC 2403, NGC 6946) and 100 um (NGC 1097) profiles. For
NGC 5194 (M 51) the exponential fits stop at a radius lower than
Fout(70 um) because its interacting companion (NGC 5195) af-
fects surface brightness profiles at larger radii. Again, the result-
ing 7oy are rather uniform, with an average ratio 7oy /15 = 0.82
and a 1-o scatter of 0.17. The small differences in the ranges
that are used for the fitting should not be of concern, in particu-
lar when the ratios between scale-lengths are analysed. Table 4
collects the inner and outer radii used for exponential fitting for
each sample galaxy. Though we do not perform a true bulge-disk
decompositions, the derived scale-lengths still provide a good
characterization of the gradients of the various disk components
we consider.

An extra source of photons such as an AGN, present in the
nuclei of some sample galaxies (see Table 1), which basically
emits in the whole spectral range we are taking into account,
could be in principle influencing the observed profiles. There are
several reasons why we believe this is not affecting our analysis:

— the accretion disk mainly emits UV and optical radiation
which is very efficiently absorbed by dust (and gas) within
the central region of the galaxy;

given the low luminosities of the AGN in the sample, pos-
sible radiation leaks to outer regions are negligible with re-
spect to the luminosity of stars at similar wavelengths;

the dusty torus, which is instead heated by the accretion disk
emission, and would hence emit in the near and mid-IR, is
believed to be very weak at these luminosities, or even absent
(e.g., Gonzdlez-Martin et al. 2015);
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Fig. 3: Left panel: Stellar mass surface density profiles from IRAC (blue) and from SDSS or SINGS (green), and SFR surface
density profiles (red) of the galaxy NGC 5457 (M 101), derived as described in Sect. 5.2 and 5.4, respectively. The black dashed
lines are exponential fits performed avoiding the central part of galaxies in the same radius range of Fig. 2. Right panel: Surface
density profiles for the mass of dust (orange), molecular gas (turquoise), atomic gas (grey), and total gas (pink) of the galaxy
NGC 5457 (M 101). The gas mass profiles have been corrected for DGR as described in Sect. 7.

— the central regions (<1-2 kpc, see Table 4), which is where that of the individual surface brightness profiles. Figure 3 shows
a possible influence by AGN emission could be spotted, are  these profiles for the galaxy NGC 5457 (M 101), Fig. A.2 dis-
not considered in our analysis. plays those of the entire face-on DustPedia sample, and Table 6

Figure 2 shows the example of surface brightness and inter- collects the corresponding exponential scale-lengths. The gas

stellar radiation field profiles and exponential fits for the galaxy mass surface density profiles shown in Figs. 3 and A.2 are cor-

NGC 5457 (M 101) and Fig. A.1 displays those of the entire rected for radial variations in DGR and aco conversion factor,
face-on DustPedia sample. The profiles are shown up to rs. Ta- both properties derived for each single galaxy according to the

ble 5 collects the exponential scale-lengths derived for the multi- prescriptiog degcribed in Sect. 7. The adopted values do not af-
wavelength surface brightness profiles. fect the derivation of the scale-length for molecular gas. We do

Also the stellar mass surface density profiles, SFR surface not fit the Hr gas surfac.e de~nsit~y pr.oﬁles, as these do not gener-
density profiles and mass surface density profiles of dust, molec- ally follow an exponential distribution. In general, the difference

ular gas, and total gas have been fitted within the same radius as between Hr and H; (or CO) radial distributions in galaxies is

Article number, page 11 of 33



striking (e.g., Wong & Blitz 2002; Bigiel et al. 2008) and Hi gas
alone is extending much beyond the “optical” disk, sometimes in
average by a factor 2 to 4 (Rgr ~ 2—4 R,p,). The Hi gas has very
often a small deficiency in the center maybe due to the trans-
formation of the atomic gas in molecular phase in the denser
central parts of galaxies. Bigiel et al. (2008) find indeed that Zy;
saturates at surface density of ~9 Mg pc~2, and gas in excess of
this value is in the molecular phase both in spirals and in Hri-
dominated galaxies. This is the most common trend in galaxies,
where the Hr and CO distributions appear complementary, but it
is not the general case and all possibilities have been observed,
including a central gaseous hole, both in CO and Hr (like in the
Milky Way, M 31, NGC 3031 (M 81), and NGC 3147 in Misiri-
otis et al. 2006; Nieten et al. 2006; Casasola et al. 2007, 2008,
respectively).

6.2. Results

Figures 4 and A.3 show the scale-lengths fitted to the sur-
face brightness profiles from UV to sub-mm, normalized
with respect to rys (h/rys), as a function of wavelength, for
NGC 5457 (M 101) and the entire face-on DustPedia sample, re-
spectively. Together with the scale-lengths of surface brightness
profiles, we also plotted those of U profiles, and of mass and SFR
surface density profiles. Since U profiles and mass and SFR sur-
face density profiles are not associated with a given wavelength,
we plotted their scale-lengths marked with horizontal lines and
the corresponding error bars are drawn at 4 = 2000 pum.

The analysis performed for the whole sample shows a va-
riety of behaviours in terms of exponential scale-lengths despite
the fact that the investigated galaxies belong to the same subclass
of objects (i.e., nearby, face-on, large, spiral galaxies) and that
all images have been homogeneously treated. Therefore, each
galaxy has its own trend of the scale-lengths. This is likely due
to the fact that the derived scale-lengths are affected by the pecu-
liarities of a given galaxy, like, for example, the local maxima in
the spiral arms. Nevertheless, we identified some common be-
haviours in our sample: they are highlighted in Fig. 5, showing
the mean rs-normalized scale-lengths, <h/r,s>, over the whole
sample, where differences due to the peculiarities of individual
galaxies are all smeared out. The mean values of r,5-normalized
scale-lengths and scale-length ratios for selected bands are col-
lected in Table 7.

From Fig. 5 it can be seen that the mean r,s-normalized stel-
lar surface brightness scale-lengths decrease from the UV to the
NIR by a factor ~1.5, with values of <hnyvy/rs> ~ 0.34 and
<h45um/T25> ~ 0.24, respectively. This decrease continues in the
MIR dust-dominated bands and the mean r,s-normalized scale-
length reach a minimum at 70 um of ~0.20. From 70 um to
the sub-mm, instead, there is a steady increase up to the 500 um
scale-length with a value of <hsgg m/r25> ~ 0.32. There are indi-
vidual variations to these common trends: the UV scale-lengths
in some galaxies are smaller than those in the optical and NIR
(e.g., NGC 5194 (M 51)); in a few cases they are much larger
than in the common trends (e.g., NGC 6946, where unfortu-
nately the intermediated optical SDSS/SINGS data are absent);
the steady increase in the FIR can start at wavelengths longer
than 70 um (e.g., NGC 5457 (M 101)).

The scale-lengths of the dust mass surface density profiles
are larger than those of the surface brightness profiles at 500 um
(<hszdust/h500,um> ~ 1.3). They are generally larger than most of
the other surface-brightness scale-lengths, and than those of the
stellar mass surface density profiles. On average, the dust mass
surface density scale-length is about 1.8 times the scale-length of
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the stellar mass surface density derived from IRAC data and of
the 3.6 um surface brightness. Only for NGC 300 the dust mass
surface density gradient is so flat that the exponential profile was
not fitted. Only the average FUV scale-length can be as large as
the dust mass surface density gradient, though the scatter in the
former is large. Also, the interstellar radiation field intensity has
a gradient comparable to that of the dust mass. SDSS and IRAC
stellar mass profiles have comparable scale-lengths, and similar
to those of the corresponding surface brightness profiles from
which they have been derived (g and i bands from SDSS, B and R
bands from SINGS, and 3.6 and 4.5 um bands from IRAC). The
scale-lengths of the SFR surface density are comparable to those
of the stellar 3.6 um emission and of the stellar mass distribution.

As for the gas, the H; surface density profiles have typically
smaller scale-lengths than the NIR surface brightness profiles
(e.g., hsma/h12um> ~ 0.8) and to IRAC stellar mass surface den-
sity profiles, and thus, on average, a factor ~2.3 smaller than
the dust mass ones. We stress that these results are based on
H, gas profiles typically less extended than the others. The to-
tal gas mass surface density profiles, instead, have scale-lengths
slightly larger than the dust (<Asiot gas/hizaust™> ~ 1.1), though the
result is influenced by the assumed value for aco, and thus by
the assumed relative contribution of atomic and molecular com-
ponents to the total. We will discuss this issue further in the next
Section.

We also studied the trends of the scale-lengths as a function
of Hubble stage T. In general, the scatter is large and apparent
trends are always feeble, within the scatter. Fig. 6 shows the
trends for exponential scale-length ratios that are less weak. The
ratio between the scale-lengths of the Herschel bands and the
3.6 um scale-length tends to increase from earlier to later types,
with the stronger trend being that for A70,m/h3.6,m (panel a in
Fig. 6). The value for h7 .y instead, tends to be smaller than
that at longer sub-mm wavelength and shown by the decreasing
h250um/P70,m With increasing T (panel b). Among the surface
density ratios, only hssrr/h3.6,.m Shows a weak trend of increas-
ing SFR scale-length, with respect to stars, when moving to later
types (panel c).

6.3. Discussion and comparison with the literature

The mean stellar scale-lengths we find in this work (e.g.,
h3sum/72s ~ 0.24) are consistent within the scatter to those
found from detailed two-dimensional bulge-disk decompositions
of spiral galaxy images (0.25-0.30, e.g., Giovanelli et al. 1994;
Moriondo et al. 1998; Hunt et al. 2004). Also, the decrease in
the surface brightness scale-lengths from the UV to the NIR is
in line with several previous works in the literature (Peletier et
al. 1994; de Jong 1996; Pompei & Natali 1997; Moriondo et
al. 1998; MacArthur et al. 2003; Mollenhoff 2004; Taylor et al.
2005; Fathi et al. 2010). The color gradient has been explained
with an intrinsic gradient in the stellar populations, resulting in
a blueing of the disks at larger distance from the center (de Jong
1996; Cunow 2004; MacArthur et al. 2004) compatible with
an inside-out formation scenario (Mufioz-Mateos et al. 2007).
Other authors, instead, claim that the effect is mostly due to pref-
erential reddening in the inner regions of a galaxy (Beckman et
al. 1996; Pompei & Natali 1997; Mollenhoff et al. 2006) or that
dust has, at least, a significant role together with stars in shaping
the gradient (Mufioz-Mateos et al. 2011).

According to Alton et al. (1998), we interpret the steady in-
crease in the surface brightness scale-length from 70 to 500 ym
as the result of a cold-dust temperature gradient with galactocen-
tric distance combined with a scale-length of the dust disk larger
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Fig. 4: Scale-length fitted to the surface brightness profiles from UV to sub-mm and normalized with respect to r,s, h/rss, as a
function of wavelength for the galaxy NGC 5457 (M 101). The scale-lengths of mass (of dust, gas, and stars) and SFR surface
density profiles and the scale-length of U profile, normalized with respect to 7,s, are plotted as with horizontal lines because they
are not associated with a wavelength. They and the corresponding error bars are drawn at 2 = 2000 ym.

Fig. 5: Mean scale-length normalized with respect to rys of all sample galaxies as a function of wavelength. Scale-lengths of mass
(of dust, gas, and stars) and SFR surface density profiles, the scale-length of U profile, and the corresponding error bars are drawn

as in Fig. 4.

than the stellar (see also Davies et al. 1999). A such cold-dust
temperature gradient is consistent with a dust heating by a dif-
fuse interstellar radiation field gradually decreasing with galac-
tocentric distance, while a more clumpy stellar emission (and
dust absorption/emission) would have resulted in flatter FIR/sub-
mm profiles (as shown, though for edge-on systems, by Bianchi

2008). The diffuse field could arise for a widespread component
of old stars, and thus the derived trend might enforce the idea that
dust heating and emission are not related to recent SF. However,
it could also arise from younger stars, if parental clouds have
a sufficient leakage of radiation. There might not be a simple
answer to the question: indeed, the analysis of sub-mm colour
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maps by Bendo et al. (2015) has shown that old and young stars
might contribute in different ways to dust emission at different
wavelengths, depending on each galaxy peculiar situation. The
flat trend in the derived radiation field, with hy = hgyv, seems
to suggest a dominant contribution of SF to dust heating. The
result is puzzling, though, as one would expect a non negligible
contribution to heating from older stars, and thus a scalelength
in between Apyv and /3 6,m; also the FUV gradient might be sig-
nificantly flattened by dust extinction. We cannot exclude that
the result is due to systematics effect in the modelling, due to the
non-linear dependence of the modelled SED on U, combined
with the temperature mixing along the line of sight. We only
note that we found little differences in /iy estimates if we use the
pixel-by-pixel procedure for SED fitting, which should be less
affected by temperature mixing (See Sect. 5.1).

For the dust emission surface brightness profiles we find
trends similar to those of Alton et al. (1998) (i.e. a steady in-
crease of the scale-length for larger wavelengths), though with
different and much less extreme scale-length ratios, as a result
of the dramatic improvement in resolution from the IRAS/ISO
data to the Herschel ones. While Alton et al. (1998) found
that the 200 um scale-length was about 30% larger than that
in the B-band (with a mean scale-length ratio of ~1.3), we
derive here that the 160 and 250 um scale-lengths are of the
same order than the 3.6 yum scale-length (<h160 um/h3.6 um> ~ 0.9,
<h250 um/h3.6;m> ~ 1.1) and thus are smaller than those in the B-
band, for the wavelength trends we discussed. In addition, while
in Alton et al. (1998) the 200 um scale-length is 80% longer than
at 60 um (with a mean ratio of ~1.8), we find that the 160 and
250 pm scale-lengths are 10 and 30% larger, respectively, than
that at 70 qm (<h160pm/h70ym> ~ 1.1, </’1250”m/l’l70#m> ~ 1.3).

As highlighted in the previous section, the dust mass sur-
face density we obtained through SED fitting to the Herschel
data has an average scale-length that is ~1.8 times the stellar
one. This dust-mass/stars scale-length ratio is slightly higher
than those found by Xilouris et al. (1999) (1.4+0.2) and Bianchi
(2007) (1.5+0.5) with radiative transfer fits of the dust extinction
lanes in edge-on spirals, and compatible with that derived by De
Geyter et al. (2014) (1.8+0.8, also in this case by using radiative
transfer fits).

Muiioz-Mateos et al. (2009a) derived the dust surface density
profiles of SINGS galaxies by fitting Spitzer SED profiles with
the Draine & Li (2007) method. After fitting the profile with
an exponential curve, they found that the dust scale-lengths in
the sample are 1.1 the stellar scale-lengths derived from 3.6 um
data'®. From the median value of the r»s-normalized dust scale-
length (0.29) one can obtain the rys-normalized 3.6 ym scale-
length (0.26), which is in excellent agreement with what we de-
rived here with our smaller sample (<h36,m/r25> ~ 0.24). In-
stead, the dust surface surface density scale-length is smaller
than what is inferred from fits to edge-on galaxies and almost
half of what we derive here from fitting the surface density maps.
However, this does not necessarily indicate a disagreement be-
tween our work and that of Mufioz-Mateos et al. (2009a). As
recognized by the same authors, this is most likely the result
of the longest wavelength available in their SED, the 160 ym
data from Spitzer: without a full coverage of the thermal emis-
sion peak and beyond, they could not probe the full temperature
gradient with the emission from colder dust, and thus their dust

!5 The common resolution of the analysis of Mufioz-Mateos et al.
(2009a) at 3.6 and 160 um and of Hunt et al. (2015) at 3.6 and 250 um
is that of the Spitzer/MIPS instrument at 160 ym maps (FWHM=38"),
very close to that of Herschel/SPIRE at 500 um maps, adopted here.
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mass scale-lengths might be simply a reflection of the surface
brightness scale-lengths at 160 ym.

Exponential scale-lengths of the surface brightness profiles
at 3.6 and 250 pum for the KINGFISH sample have been deter-
mined by Hunt et al. (2015). At 250 um, they found A250 /725 =
0.35, a value larger than our determination and that of Mufloz-
Mateos et al. (2009a). The main reason for the difference seems
to be the radial range used by Hunt et al. (2015): to avoid any
contribution from the bulge, even in early type spirals, they fit-
ted data for r/rop > 0.6 and up to 7/rop = 1.5. This range has
a small overlap with that used in our analysis, which refers to
the inner disks and whose choice was dictated by the necessity
of a uniform coverage for all the wavelengths we considered. In
fact, for the 12 galaxies we have in common with the KING-
FISH sample (which are essentially from the same Herschel and
Spitzer datasets), we find that the profiles of Hunt et al. (2015)
are similar to our own for the inner disks, and tend to flatten in
the range used in their work.

The methodology in the analysis of Hunt et al. (2015) might
also be responsible for the larger estimate of the scale-length
at 3.6 um: they find h36.m/r25 = 0.37, a value which, simi-
larly to that at 250 um, is larger than those obtained for stars by
other authors (e.g., Giovanelli et al. 1994; Moriondo et al. 1998;
Hunt et al. 2004) and on SINGS galaxies by Mufloz-Mateos et
al. (2009a). Part of the differences might be due to the method of
sky subtraction in Hunt et al. (2015). Nevertheless, the authors
claim that the homogeneity in the image and profile extraction
processing at different wavelengths should obviate possible bi-
ases that could affect their conclusions (as well as ours and those
of Mufioz-Mateos et al. 2009a), in particular on scale-length ra-
tios. Indeed, Hunt et al. (2015) find a mean ratio between the
250 pum scale-length and the 3.6 um one of about 1, the same
value we derive here. We cannot extend our comparison to other
tracers of cold dust emission, since exponential fits at longer sub-
mm wavelengths are not available in Hunt et al. (2015).

More complex is the comparison with the recent analysis of
Smith et al. (2016). They stacked azimuthally averaged profiles
for a large sample of low-inclination HRS galaxies and detect
dust emission up to a distance of 2 X rps. From the stacked
Herschel profile of the largest 45 objects in their sample, they
derived the radial variation of the dust SED, and a dust mass
surface density after fitting a MBB to the SED in each radial
bin. Though results are provided for fits up to 2 X rps, the ex-
ponential behaviour of their profiles within the inner rys is not
much different from the full one and thus could be compared
with ours. For the common resolution of 500 um data, they pro-
vide gradients for the dust mass surface density, the stellar mass
surface density and the SFR, normalized to r»s. From their gradi-
ents we derived a rps-normalized scale-length for the dust mass
surface density of 0.25. Not only we find a larger dust mass 7,s-
normalized scale-length (0.42) but also a larger ratio between the
dust and 500 um scale-lengths (1.33), while the 500 um stacked
profile presented in their Fig. 2 has almost the same scale-length
as the dust mass.

In principle, the result of Smith et al. (2016) could be ex-
plained with a much shallower temperature gradient. Indeed, the
sub-mm profiles shown in their Fig. 2 gives a slightly smaller
h500 um /M2s50 um Tatio (1.15 vs. 1.25, determined from their de-
convolved exponential fits for the same radial range used in the
current work). However, the scale-length of the average tem-
perature gradient for r/r;s < 1, derived from their Fig. 4, is
ht/rys ~ 1.8, which, assuming U =~ T4 (Hunt et al. 2015, they
used B = 2), converts to hy/rs ~ 0.3, again smaller than our
determination. Thus, their dust heating gradient is steeper than
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ours, and should have produced a larger ratio for /500 um /7250 um
and a larger hy, . /h500,, than in this work, which is the contrary
of what they derive. Clearly, the complex procedure adopted for
the stacked analysis makes it complicate to understand the rea-
son of these discrepancy. We only note that we get discrepant
results also for the SFR surface density scale-length which in
our case has a value in between those of the UV and NIR surface
brightness distributions used to derive it (0.24); while in theirs it
is smaller (0.16) than in the NIR (our determination), despite the
similarity of the methods used to derive it. Instead, their stellar
mass surface density has a scale-length similar to our own (they
have 0.24). Thus, they obtain a dust to stellar mass scale-length
ratio of ~1, in contrast with our previous discussion.

The trend of increasing 70 um scale-length with respect to
3.6 um and 250 pum emission for increasing Hubble stage T
can instead be the result of a residual bulge contribution which
have escaped our simple 1-D analysis and masking of the inner
regions: a more concentrated heating source could result in a
steeper gradient to dust heating for earlier type galaxies, as seen
in the models of Bianchi (2008). The weak increasing trend of
the hssrr/h36,m Tatio moving to the later types is expected in
the framework inside-out scenario of galaxy disks. As show in
the grid of chemical evolution models of Molld & Diaz (2005)
(see for instance their Figure 7, panel b), at a given galaxy mass,
galaxies with different SF efficiencies (that can be translated into
different morphological types) result in different SF histories.
Spiral galaxies of later type, thus having lower SF efficiency,
tend to have very low SFR in the past and to have the peak of
their SFR at present time, while early type spiral (with higher
SF efficiencies) had it few Gyr after their formation. At the later
times, the SFR of early type spirals is maintained constant. Thus,
we expect differences in the scale-lengths of galaxies of different
morphological type due to their different SF histories. In partic-
ular, we expect that in the late type galaxies the SFR might be
more spatially extended at present time than in the past because
they have just reached or they are still reaching the peak of their
SFR. On the other hand, earlier type galaxies are in stationary
phase after the peak of the SFR. Consequently the comparison
of the scale-lengths are essentially unchanged with time.

The dependence on the wavelength flattens for the MIR dust
emission bands, because of a less strong dependence (a linear
one) on the interstellar radiation field of dust emission from very
small grains subject to stochastic heating (Draine & Li 2007). At
12 um, we find an average scale-length with respect to 3.6 um
emission, <12 um/h3.6,m>, of 0.9 which is close to what has been
derived at 8 um, another band dominated by emission features,
by Regan et al. (2006; 0.97, as derived from their tabulated data).

The large scale-lengths found in this work for the dust mass
surface brightness imply, if there is no disk truncation, that
~30% of the dust mass resides in the outskirts of the disk at
r > rs, as opposed to only ~10% for the stellar mass. Together
with the previous results from radiative transfer fits of edge-on
galaxies, this poses the problem of how dust can migrate from its
origin in evolved stellar atmospheres and SNe or, as we found
here when comparing dust and molecular gas, from the denser
parts of the ISM where it is supposed to accrete most of its mass.
Several qualitative explanations for the large dust scale-lengths
have been proposed: the dust could trace an “unseen” molecu-
lar gas component at large radii, or grains could be transported
from the optical disk, through the action of macro turbulence,
or thanks to interactions with nearby galaxies (for a review, see
Sauvage et al. 2005). For the well studied case of the edge-on
galaxy NGC 891 the dust emission detected at r = r,5 (Popescu
& Tuffs 2003) is likely associated to non-pristine gas from the in-

ner disk perturbed by the nearby companion UGC 1807 (Bianchi
& Xilouris 2011); however, the detected feature constitutes only
a minor fraction of the total dust mass of the galaxy.

Despite the galaxies of our sample are classified as interact-
ing (see Sect. 2), we cannot invoke a similar mechanism to ex-
plain our results: our dust mass scale-lengths, as well as all the
other measurements, refer only to the inner disk for r < rys and
there is no indication (but also no proof of the contrary) that the
observed behaviour extends beyond the optical disk. Despite the
increased sensitivity of the Herschel telescope and other instru-
ments, the dust mass fraction beyond r,s cannot be easily derived
for individual galaxies; instead, stacking analysis seems to sug-
gest that stars and dust follow the same distribution up to 2 X rys
(Smith et al. 2016, though this result, as we discussed earlier,
is not consistent with that of this work for » < rp5). A possi-
ble mechanism that could explain our findings is a change in the
typical lifetimes of grains against destruction by shocks, with a
longer lifetime at larger radii (Sauvage et al. 2005). Because of
the similarity between UV and dust scale-lengths, it is tempting
to associate this mechanism to the inside-out galaxy formation
scenario that is used to explain, together with dust extinction, the
larger scale-lengths of radiation from the younger stellar compo-
nent (Muifioz-Mateos et al. 2009a). The planned radiative trans-
fer analysis of DustPedia galaxies will shed a light on the true
contribution of dust extinction to the shaping of the UV and op-
tical appearance of spiral galaxies, and provide a detailed de-
scription of the disk surface brightness across the SED of dust
emission. This will allow us to analyze in detail why some
galaxies present variations to common trends of scale-length vs.
wavelength (e.g., NGC 5457 (M 101), NGC 5194 (M 51), and
NGC 6946).

As for the molecular gas, its scale-length is on average
smaller than that of the optical-NIR bands (<hsu2/h3.6.m>~0.7,
<hsna/h12,m>~0.8). Leroy et al. (2009) found that the average
molecular gas scale-length is only 5% smaller than the 3.6 um
stellar scale-length and the SFR scale-length, while Regan et al.
(2001, 2006) and Bendo et al. (2010) that molecular gas and
optical-NIR bands have profiles with comparable scale-lengths.
The comparison between the scale-lengths of molecular gas and
MIR emission features could be conditioned by using different
12CO transitions and MIR bands. For the molecular gas we used
12CO(1-0) and '2CO(2-1) emission lines, Regan et al. (2006) the
12CO(1-0) emission line, and Bendo et al. (2010) the 2CO(3-
2) emission line, while for the MIR emission features we anal-
ysed the images at 12 ym, while Regan et al. (2006) and Bendo
et al. (2010) those at 8 um. It is well known that each 2co
transition traces different physical gas properties. The kinematic
temperature of molecular gas is typically ~10 K (Scoville et al.
1987), which is above the level energy temperature of 5.5 K
for the J = 1 level of the '2CO, but below the temperatures
of 16.5 K and 33 K for the / = 2 and J = 3 levels, respec-
tively. This implies that a slight change in gas kinematic temper-
ature is sufficient to affect the excitation for the '2CO(2-1) and
12C0O(3-2) emission lines. In addition, the different critical den-
sities of the three '2CO transitions (~10° cm™3, ~2 x 10* cm™3,
and ~7 x 10* cm™ for 2CO(1-0), '2CO(2-1), and '*CO(3-2),
respectively) make their line ratios sensitive to local gas den-
sity. The emissions at 8 and 12 um are instead attributable to
the same kind of transitions in C-H bonds in the proposed carri-
ers of the MIR features, like, e.g., PAH molecules (Draine 2011)
or nanoparticles of amorphous hydrocarbons (Jones et al. 2013).
Being the main result of the current analysis that the dust mass
surface density scale-length is about 1.8 times the stellar one, a
significative fraction of the refractory materials must reside in
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the atomic gas. Based on these results, in the next Section we
will attempt at deriving the relative contribution of H, and Hr to
the ISM, and the aco conversion factor.

Table 7: Mean values over the entire galaxy sample of the rys-
normalized scale-lengths (h/r,s) of U, of the surface brightness
profiles from FUV to 500 um, and of the surface density pro-
files of mass (of dust, gas, and star) and SFR. Other mean ratios
between scale-lengths are collected.

ratio value n. galaxies
<hy/rys> 0.39 +£0.03 18
<hgyv/ras> 0.40 + 0.09 17
<hnuv/ras> 0.34 +0.05 18
<hg 5 um/T25> 0.26 = 0.02 11
<ho7um/T25> 0.25 +0.01 11
<h3.6um/T25> 0.24 +0.01 18
<h45um/r2s5> 0.24 +0.01 18
<h12um/T25> 0.21 +0.02 18
<h22uml/T25> 0.21 +0.02 18
<h70,um/r25> 0.20 £ 0.02 17
<h100um/T25> 0.20 + 0.02 14
<h160um/T25> 0.22 +0.02 18
<h250pm/r25> 026 +0.02 18
<h350 um/T25> 0.29 +0.02 18
<hs500um/125> 0.32 +0.03 18
<hsqust/r25> 0.42 +0.03 17
<hsma/125> 0.17 +0.03 9
<h2totgas/r25> 0.40 = 0.07 9
<h2starIRAC/725> 0.25 +£0.03 18
<thta:SDSS/"25 > 0.22 +0.02 10
<hsspr/r2s5> 0.24 +0.02 18
<h12um/h3.6 um> 0.90 + 0.03 18
Droumlhseum>  0.84+0.05 17
<h160 um/N3.6 um> 0.91 +0.05 18
<h250 um/M3.6 um > 1.07 = 0.05 18
<h500 um/h3.6 m> 1.34 £ 0.07 18
<h160 um/M70 yum> 1.14 + 0.05 17
<h250 um/ P70 yum> 1.32 £ 0.06 17
<h500 um/M160 um> 1.48 £ 0.05 18
<hsaust/h3.6 um> 1.77 £0.12 17
<hszdust/N500 um> 1.33 +0.09 17
<hsaust/h2> 2.27 +0.30 9
<h2dust/h25tarIRAC> 1.80 £ 0.13 17
<hsna/h3.6um> 0.73 £0.11 9
<hsna/h12m> 0.78 £0.14 9
<h2t0tgas/h2dust> 1.11 £ 0.16 9
<hssarirAC/M3.6um>  1.06 +0.07 18
<hssrr/M3.6um> 0.99 + 0.05 18

7. Dust and gas mass profiles to solve for single
CO-to-H, conversion factors

As already mentioned in Sect. 5.3, a major uncertainty in the
derivation of the molecular gas content in a galaxy is the poorly-
known @ conversion factor. We developed a method to solve
for the aco conversion factor per galaxy by using dust and gas
mass profiles.

Recently, for resolved galaxies with available Herschel data
it has been shown that it is possible to derive aco independently
of the dust mass estimate and DGR (Sandstrom et al. 2013). The
idea of Sandstrom et al. (2013) is that spatially resolved mea-
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Fig. 6: Ratios of the exponential scale-lengths as a function
of Hubble stage T: @) 70 um/3.6 ym, b) 250 um/3.6 um,
¢) Zspr/3.6 um. In each panel, the (blue) large circles with error
bars are the means over small ranges of Hubble stages (2-3, 4-5,
6-8) as indicated by the horizontal error bars, while the vertical
error bars are the standard deviations. The horizontal dashed
lines show the mean scale-lengths by averaging all galaxies.

surements of Xgus, 21, and Xy (from CO observations) allow
one to solve for @cp and the DGR over regions smaller than
the typical scale over which the DGR varies (i.e., one region is
well represented by a single DGR value) and it covers a range of
CO/Hr ratios. The peculiarity of their approach is the absence of
assumptions about the values of @cp and the DGR and their de-
pendence on metallicity or other parameters. Another approach
has been developed by Magrini et al. (2011). Using typical prop-
erties of Galactic dust and gas, they converted the DGR profile
into a profile of the oxygen abundances for the metals in solid
state; then they compared it to the gas metallicity gradients and
studied the dependency of the aco conversion factor on metal-
licity.

The method we developed to solve for the @cp conversion
factor per galaxy is a simplified version of that of Magrini et al.
(2011) and it is based on the following assumptions: i) the DGR
and the dust optical properties are the same in both the atomic
and molecular gas phases; ii) dust and gas are well mixed; iii)
the DGR is invariant with respect to the metallicity gradient or it
follows the same trend of the metallicity gradient; iv) the fraction
of mass in ionized gas is negligible.

As early as the mid-1980s, Hildebrand (1983) suggested that
a good way to estimate the mass and the distribution of the ISM
in a galaxy might be from the optical depth of the sub-mm con-
tinuum emission from the dust. In later years, experimental
studies based on laboratory samples of dust grain species have
instead shown that there is less scatter between species around
100 um than in the sub-mm (e.g., Coupeaud et al. 2011). Dust
grains are robust and found in all phases of the ISM. Several
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works therefore used the dust emission to infer the gas distribu-
tion (e.g., Guelin et al. 1993, 1995; Boselli et al. 2002; Corbelli
et al. 2012; Eales et al. 2012; Sandstrom et al. 2013; Groves et al.
2015). The amount of gas is usually measured using Hr and CO
surveys, however Smith et al. (2012) have found that for early-
type galaxies (E/SO) the ISM was detected for 50% of objects
through its dust emission but only 22% through its CO emission,
in addition to the uncertainty associated with aco.

From the practical point of view, in order to solve for the
aco conversion factor per galaxy, we first determined the dust,
atomic, molecular and total gas mass profiles following prescrip-
tions of Sect. 5, in particular by assuming the constant aco value
of 3.2Mgpc2 (K km s')~!. Secondly, based on our assump-
tions and in the hypothesis of a constant, global value for the
DGR, we can write:

Zast = DGR(Zg + Zm2) (6)
= DGRy + aco Ico) @)

Finally, we fitted Eq. (7) to the data and derived global values
for DGR and ¢ for each galaxy.

We applied the same approach described above also taking
into account that the DGR is an indicator of the amount of met-
als that get locked up in the dust through the stellar yields. Thus,
a dependence on the metallicity gradient is expected. A correla-
tion has been widely shown between the DGR and the gas-phase
oxygen abundance (e.g., Issa et al. 1990; Lisenfeld & Ferrara
1998; Edmunds 2001; James et al. 2002; Hirashita et al. 2002;
Draine et al. 2007): the DGR decreases with radius, following
the trend with metallicity. We therefore corrected atomic and
molecular gas mass profiles for metallicity thanks to the radial
metallicity gradient available for the entire galaxy sample (see
Sect. 3.7). To do this, we applied Eq. (7) with the following
additional assumption:

log(DGR) = lOg(DGRo) + CO/H X (r/r25) (8)

(i.e. the same gradient as for metallicity given by Eq. (1)) with
DGRy the value at ry = 0. Thus, we also derived global values
for DGR and aco “corrected” for metallicity gradient (acoo/m))-
Again, we do not comment on the DGRy values.

The right panels of Fig. 3 and A.2 show the mass surface
density profiles of the dust, atomic, molecular, and total gas cor-
rected by using the derived DGR and a¢¢ according to Eq. (7)
without the correction for metallicity gradient of Eq. (8). In the
case of one available gas component (H1 or H,), we corrected
it by using the derived DGR. Given the uncertainties in the dust
mass derivation and since this work is focused on the study of the
gradients, we do not attach any particular importance to the val-
ues of DGR. We use these values to scale the profiles in Figs. 3
and A.2. The estimated @co values are instead more directly
related to the relative gradients of the various ISM components.

The aco values derived with or without the correction for
metallicity gradient are collected in Table 8. In this table, col-
umn (1) gives the galaxy names, column (2) the metallicity gra-
dients with uncertainty from Pilyugin et al. (2014), column (3)
the oxygen abundances at the radius of 0.7 X r,s that is equivalent
to the solar radius in our Galaxy, columns (4) and (5) aco values
derived without and with the correction for metallicity gradient,
respectively, and columns (6) and (7) mean aco values derived
from Sandstrom et al. (2013) for the galaxies in common with
our sample for the entire galaxies and the inner galactic kpc, re-
spectively.

The aco values are in the range (0.3 — 9) My, pc~? (K km
s’l)’1 both without and with the correction of Hi and H; profiles

for metallicity. The aco determinations obtained taking into ac-
count the metallicity gradient are always lower than (or equal to)
those derived neglecting the metallicity gradient. The higher dis-
crepancy between the two aco derivations (aco/acoo/m~1.9)
is found for NGC 3521, the galaxy with the second most steep
metallicity gradient in our sample, ~0.7 dex r»s~!. This could
be due to the very small number of oxygen abundances (9) used
to derive the metallicity gradient for NGC 3521 (see Fig. 1 of
Pilyugin et al. 2014), giving statistically weak metallicity gra-
dients with respect to those of other galaxies (e.g., NGC 628
and NGC 5457 (M 101) where the metallicity gradients are de-
rived from several tens of oxygen abundances). The salient point
is that the correction of gas profiles for metallicity gradient has
no significant influence on the aco value at least for the present
galaxy sample. This happens although O/H gradients of our sam-
ple range from —0.066 dex rps (almost flat) to —0.840 dex r»s
(very steep, see for instance Magrini et al. 2016, for examples of
flat and steep metallicity gradients). Because of this, we did not
explore the possibility of a further dependence of the aco value
on the metallicity gradient.

The almost invariance of the aco value by adopting a fixed
DGR or a DGR depending on the metallicity gradient can mean
that @co is mainly constrained by the central DGR value in the
galaxy or that the DGR values derived from both approaches are
different to give the same resulting aco. For our sample the ex-
planation could be a compromise of both causes: in the central
regions dominated by molecular gas the DGR values are almost
independent on metallicity gradient, while in outer parts rich of
atomic gas the DGR values seem to be metallicity gradient de-
pendent. The final result is that aco is independent on the metal-
licity gradient for our sample.

7.1. CO-to-H, values: comparison with the literature

Many authors derived aco using a variety of techniques: mea-
suring total gas masses from y-ray emission plus a model for
the cosmic ray distribution (e.g., Strong & Mattox 1996; Abdo
et al. 2010), using the observed velocity dispersion and size of
the molecular cloud to obtain virial masses (e.g., Solomon et
al. 1987; Wilson 1995; Bolatto et al. 2008; Gratier et al. 2012),
and modeling multiple molecular gas lines with varying opti-
cal depths and critical densities (e.g., Weil} et al. 2001; Israel
2009a,b). We do not summarize results of the literature, but
we focus on the comparison between our derivations of aco
and those of Sandstrom et al. (2013) who solved for aco with
a method similar to ours and for eight galaxies present in our
sample.

In four (NGC 5457 (M101), NGC 3521, NGC 925, NGC 628
(M74)) of the eight galaxies in common with Sandstrom et al.
(2013), our @ o derivations referred to the galactic region within
rs (or minor if gas mass profiles are not available until to 7,s)
are similar to (for 3 on 4 galaxies consistent with) their values
within 7,5 (see column (6) in Table 8). For the other four galaxies
(NGC 5055 (M63), NGC 4736 (M94), NGC 6946, NGC 4725),
there is instead an evident discrepancy between the two aco de-
terminations, with our values lower than those of Sandstrom et
al. (2013) within r»s but more similar to their determinations for
galaxy centers (see column (7) in Table 8). Sandstrom et al.
(2013) indeed found relatively flat aco profiles as a function of
galactocentric radius aside from in the galaxy centers (within the
inner ~0.1Xr,s) that have aco values lower than the galaxy mean
ones by factors of 2 — 3 (or more).

The reason of the discrepancy for four galaxies in common
with the sample of Sandstrom et al. (2013) is difficult to estab-
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lish, likely due to differences between the two methods for de-
riving aco (e.g., the work of Sandstrom et al. 2013 is based on
circular regions while we used radially averaged profiles), and
to how different methods correlate with the ISM’s properties of
individual galaxies. Local environmental conditions (metallic-
ity, galactic dynamics, ISM pressure, interstellar radiation field
strength, optical depth of the ISM, gas temperature, dust prop-
erties) can produce variations in @co (Sandstrom et al. 2013).
Additionally, our sample contains some galaxies defined as SF
or Hu region dominated (e.g., NGC 5457 (M 101), NGC 6946),
and others with signatures of AGN or LINER activity (e.g.,
NGC 4736 (M 94)).

7.2. Caveats about the derivation of CO-to-H, conversion
factor

The method we developed to derive aco could not fit the dust and
total gas profiles for the entire galaxy sample (see Figs. 3 and A.2
for the shape of dust and gas profiles of the single galaxies). The
assumption that the DGR is not a function of atomic/molecular
phase could, for instance, be the cause of the low aco values
derived for NGC 4736 (M 94) and NGC 6946. In NGC 4736
(M 94), the Hr gas profile has indeed a behaviour similar to the
H; one, with a central peak and a strong decrease towards the
outer parts, while the Hr gas distribution is typically low in the
inner parts and it increases at large radius. In NGC 6946, the gas
profiles show expected trends but the H, one is strongly peaked
in the center with respect to the increasing of the Hr distribu-
tion in the outer parts. Implicit with our assumption on the DGR
is the assumption that the dust properties do not change signifi-
cantly across the different environments that are best sampled by
the Herschel resolution. In the current method, and in the anal-
ogous works from the literature we referred to, the dust mass is
derived using the same optical properties, those of the diffuse
medium, regardless of the (unknown) contribution of dust asso-
ciated to molecular or atomic gas in a specific position within a
galaxy. The assumption could be valid if the evolution of dust
in denser environments (and in particular the changes in opti-
cal properties of grains resulting from coagulation and accretion;
see, e.g., Kohler et al. 2015) are restricted to regions with a small
filling factor with respect to the global distribution of molecular
gas. On this assumption rely not only the entire analysis of this
paper, as stated in Sect. 5.1, but also the many dust mass determi-
nations in the literature: only detailed modelling of the various
phases of the ISM in a galaxy, of the optical properties of dust in
each phase, and of the local heating conditions will help in the
future to understand if the use of a single, diffuse-medium, dust
model still provide a reasonable estimate, or instead introduce a
strong bias, in the determination of the dust mass surface density
or global values.

The galaxy NGC 628 (M 74) gives the best results of our
method. First, its scale-length ratio /g gas/fisdust 18 around the
unity and this means that the assumption that the total gas profile
follows the dust one is reasonable for this galaxy. Secondly, dust
and gas profiles are available for the same radius range. Under
these conditions the method we developed gives a aco consistent
with determinations from other authors (e.g., Sandstrom et al.
2013).

The scale-length ratio </siotgas/hzaust™> averaged over the
galaxy sample is ~1.1, and the excess, although small, with re-
spect to the unity could suggest that dust and gas are not so
well mixed for all galaxies, differently from what we assumed
in our method to derive acp. This should simply mean that the
DGR varies non-linearly with metallicity, as in the outskirts H,

is negligible. For a large (126) sample of local Universe galax-
ies covering a 2 dex metallicity range, Rémy-Ruyer et al. (2014)
found that the chemical evolution of galaxies (especially for low-
metallicity galaxies), traced by their DGR, strongly depends on
their local internal conditions and individual histories. Finally,
the scale-length ratio <o gas/hzdust> larger than 1 could also be
due to the fact that for some galaxies the H, gas profile is avail-
able for a smaller radius with respect to the dust and Hr profiles
(e.g., NGC 5055 (M 63), NGC 2403).

8. Conclusions

We studied the radial distribution of dust, stars, gas, and SFR
in a sub-sample of 18 spiral face-on galaxies extracted from the
DustPedia sample. The selection was based on galaxies imaged
over their whole extent with both PACS and SPIRE in Herschel,
with 1 < T < 8, (d/D)sup-mm = 0.4, and Dgyp—mm = 9’. This
study exploited the multi-wavelength (UV/sub-mm) DustPedia
database, together with millimeter and centimeter maps ex-
tracted from other sources and information on metallicity abun-
dances available in the literature. We fitted the surface brightness
profiles of the tracers of dust and stars, the mass surface density
profiles of dust, stars, molecular gas, and total gas, and the SFR
surface density with a simple exponential curve and derived their
exponential scale-lengths.

‘We identified average trends of the scale-lengths with wave-
lengths: the scale-length decreases from UV to 70 um, and this
effect can be due to an intrinsic gradient in the stellar popula-
tions with a blueing galaxy disk at larger distance from the cen-
ter, to a preferential reddening in the inner regions of a galaxy,
or to the combined role of dust and stars in shaping the gradi-
ent. The scale-length increases again from 70 to 500 ym, most
likely because of the cold-dust temperature gradient with galac-
tocentric distance. The scale-lengths of the dust mass surface
density are larger than those of the surface brightness profiles at
500 pm, generally larger than any of the other surface-brightness
scale-lengths and than the stellar mass surface density distri-
butions. On average, the dust surface density scale-length is
about 1.8 times the stellar density one derived from IRAC data
or the 3.6 um surface brightness scale-length, a result in agree-
ment with radiative transfer analysis of dust extinction in edge-
on galaxies. This result could be explained by a change in the
typical lifetimes of grains against destruction by shocks, with a
longer lifetime at larger radii. We also found that UV and dust
scale-lengths are similar and this could be associated with the
inside-out galaxy formation scenario that is used to explain, to-
gether with dust extinction, the larger scale-lengths of radiation
from the younger stellar component. As for the gas, the H, sur-
face density profiles have typically scale-lengths ~20% smaller
than the NIR surface brightness, and -on average- a factor 2.3
smaller than the dust ones. The total gas surface density has
~10% flatter profiles than dust, though the result is influenced
by the aco value.

By studying the trends of the scale-lengths as a function of
Hubble stage T, we found that the ratio between the scale-lengths
of the Herschel bands and the 3.6 um scale-length tends to in-
crease from earlier to later types, and this trend is particularly ev-
ident for the ratio 479 ym/h3 6 um- The value for a7 4, instead tends
to be smaller than that at longer sub-mm wavelengths with ratios
between longer sub-mm wavelengths and 70 um that decrease
with increasing T (see h250um/f70,um). These trends could be the
result of a bulge contribution, escaped our simple 1-D analy-
sis, to dust heating for earlier type galaxies. Among the surface
density ratios, only hysrr/h3.6,.m Shows a weak trend of increas-
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ing SFR scale-length, with respect to stars, towards later types,
compatible with longer infall time scales for late type galaxies.

We developed a method to solve for single aco conversion
factor for each sample galaxy with both atomic and molecular
gas data, by assuming that the total gas profile mimics the dust
one. For the derivation of aco, we also took taken into account
the dependence of DGR on metallicity. We found values of aco
in the range (0.3 — 9) My, pc™2? (K km s™!)~! both with and with-
out the correction of Hr and H; profiles for metallicity. The de-
terminations of @co obtained taking into account the metallicity
gradient are always lower than (or equal to) those derived ne-
glecting the metallicity gradient. Anyway, the correction of gas
profiles for metallicity gradient has no significant influence on
the aco value at least for our galaxy sample with mean metallic-
ity ranging from 12 + log(O/H) ~ 8.3 to 12 + log(O/H) ~ 8.7.

As an extension of this work, in our next papers in the frame
of the DustPedia project, we are about to compare single Sér-
sic decomposition parameters retrieved for the whole DustPedia
sample galaxies for the WISE W1 and Herschel observations.
Thus, we will be able to directly compare effective radii of the
stellar population and dust.
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Fig. A.1: Multi-wavelength surface brightness and U profiles for the face-on DustPedia sample, except for the galaxy
NGC 5457 (M 101) already displayed in Fig. 2, shown up to rp5s. The profiles are shown as in Fig. 2. The black dashed lines
are exponential fits performed avoiding the central part of galaxies up to to the maximum extension of the 70 um profile (or the
12 pm profile for NGC 6946 and the 100 um profiles for NGC 1097 and NGC 300).
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NGC 5457 (M 101) already displayed in the left panel of Fig. 2. The profiles are shown as in the left panel of Fig. 2. The
black dashed lines are exponential fits performed avoiding the central part of galaxies in the same radius ranges of Fig. A.1 or up to
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Fig. A.3: Scale-lengths of surface brightness profiles from UV to sub-mm, normalized with respect r,s, as a function of wavelength
for the face-on DustPedia sample, except for the galaxy NGC 5457 (M 101) already shown in Fig. 4. Scale-lengths of mass (of dust,
gas, and stars) and SFR surface density profiles, scale-length of U, and the corresponding error bars are drawn as in Fig. 4.
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