INAF

ISTITUTO NAZIOMNALE

2 ASTROFISICA

MATIRAL INSTITLITE
FOR ASTROFHYSICS

Publication Year 2020
Acceptance in OA 2021-09-01T12:10:02Z
Title A panchromatic spatially resolved analysis of nearby galaxies - |. Sub-kpc-scale main sequencein

grand-design spirals

Authors Enia, A., Rodighiero, G., Morsdlli, L., CASASOLA, VIVIANA, BIANCHI, SIMONE,
Rodriguez-Mufoz, L., Mancini, C., Renzini, A., Popesso, P., Cassata, P., Negrello, M., Franceschini
A.

Publisher's version (DOI) 10.1093/mnras/staad33

Handle http://hdl.handle.net/20.500.12386/31013

Journal MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY

Volume 493




4116  A. Enia et al.

~1.0
= This Work
—— Abdurro'uf & Akiyama 17
— = Hsieh+17
—1.59 —+- Maragkoudakis+17 .
—— Medling+18 R d
=== Hall+18 (Calzetti SFR) 7
=== Cano-Diaz+16 v
"T —2.07 —.. Cano-Diaz+19 a
é’; Bluck+19 7
= —-= Jafariyazani+19 %
|
5 -25
_"‘
=,
L5 -3.0
20
—3.5
[ 4
—4.0
T . — T T T
5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0

log X, [Mokpe]

Figure 8. A comparison between our results (black-to-yellow contours
encircling from 80 to 10 per cent of our data points, fitted by the solid black
line) and a sample of resolved MS relations from the literature, respectively,
with slopes reported in Table 2.. Each relation, which has been converted
to a Chabrier (2003) IMF, and re-scaled to z = 0 (as described in the text),
starts from the sensitivity limit reported in the study (or, if not, estimated
from the relative data).

Table 2. Summary of the slopes quoted in the text, with associated SFR
tracer.

Reference Slope SFR tracer
Cano-Diaz et al. (2016) 0.72 Ha
Abdurro’uf (2017) 0.99 SED fitting
Hsieh et al. (2017) 1.00 Ha
Maragkoudakis et al. (2017) 0.91 3.6 umor 8.0 pm
Hall et al. (2018) 0.99 Ha + 24 um
Medling et al. (2018) 1.00 Ha
Cano-Diaz et al. (2019) 0.94 Ha

Bluck et al. (2019) 0.90 Ha

This work 0.82 SED fitting

however, might prevent a comprehensive evaluation of the energetic
budget in galaxies, as UV and optical tracers could underestimate
a fraction of the obscured SFR (e.g. Rodighiero et al. 2014). In
this section, we thus compare our panchromatic results with the
spatially resolved MS relations obtained with data from CALIFA
(Cano-Diaz et al. 2016), MaNGA (Hsieh et al. 2017; Bluck et al.
2019; Cano-Diaz et al. 2019), and SAMI (Medling et al. 2018). For
completeness, we also compare our results with the MS relations
of Abdurro’uf (2017), who performs pixel-by-pixel SED fitting to
GALEX and SDSS photometry of local (0.01 < z < 0.02) massive
spiral galaxies selected in the MPI-JHU (Max Planck Institute for
Astrophysics-Johns Hopkins University), and of Hall et al. (2018),
obtained for a sample of 355 nearby galaxies, with spatially resolved
observations of H o and mid-IR emission.

In Fig. 8 we show the spatially resolved MS relation of this
work (solid black line) together with the relations mentioned
above. To underline the depth of each study, in Fig. 8 we plot
the relations as starting from the log M, value above which 80
per cent of the corresponding data are located. The relations have
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been homogenized in terms of IMF and cosmology, and rescaled
to the median redshift of our sample, using the evolution in MS
normalization of SFR oc (1 + 2)* (Whitaker et al. 2014).

The spatially resolved MS of Cano-Diaz et al. (2016, lavender
dashed line) has been estimated from a sample of 306 galaxies with
mixed morphologies at 0.005 < z < 0.03, on spatial scales of 0.5~
1.5 kpc. They find a slope of 0.72. Similarly, Hsieh et al. (2017) used
536 SFGs at 0.01 < z < 0.15 from the MaNGA survey to obtain an
MS relation on scales of ~1 kpc (green dash—dotted line), obtaining
a slope of 1.00 with the ODR fitting method. Recently, Cano-Diaz
et al. (2019) updated the work of Hsieh et al. (2017) using ~2000
galaxies from the MaNGA MPL-5 release (0.01 < z < 0.15) to probe
the spatially resolved MS for a larger sample, again on spatial scales
of ~1.0kpc. Their MS relation (orange dash—dotted line) has a slope
of 0.94. Based on ~3500 local galaxies in the SDSS-IV MaNGA-
DRI15 data, with SFRs coming from D4000 and H « observations
whenever available, Bluck et al. (2019, yellow line) obtain a slope
0f 0.90 on a data set of over 5 million spaxels. Maragkoudakis et al.
(2017, blue dotted line) evaluate SFRs from IRAC 3.6 and 8.0 um
data at sub-kpc scales on a sample of 369 nearby galaxies (z ~ 0.02),
obtaining a slope of 0.91. The MS of Medling et al. (2018, purple
solid line) has been estimated from ~800 galaxies in the SAMI
Galaxy Survey at z < 0.1 and has a slope of 1.0. The MS relation of
Hall et al. (2018, magenta dashed line) has a slope of 0.99, and was
computed exploiting spatially resolved H o observations of nearby
galaxies within the Survey of Ionization in Neutral Gas Galaxies
(SINGG) and WISE surveys (we report here the relation obtained
using the SFR transformation of Calzetti et al. 2007). Finally, the
MS of Abdurro’uf (2017, red line) has a slope of 0.99. All the
reported spatially resolved MS slopes are reported in Table 2.

The immediate take-home information evident from Fig. 8 is
that thanks to our multiwavelength approach we are able to probe
regions of lower stellar mass surface densities (up to a factor of 10)
compared to spectroscopic observations, bound to the sensitivity
limit of the Ha line. This translates in the ability of sampling
regions that are located further away from the galaxy centre, up to
~2.5-3 effective radii (Re). While it is true that CALIFA galaxies
have been selected in size so that most of them are fully sampled
by the instrument field of view, the requirement to observe the H o
line with an SNR (S/N) > 3 in each resolution element translates in
smaller radii within which the SFR can be efficiently computed, as
it is clear from the different sensitivity limit. The same reasoning
applies to the MS relations of Medling et al. (2018) and Cano-Diaz
et al. (2019). On the other hand, Hall et al. (2018) reach lower X ggr
thanks to the combination of H« and mid-IR data, but it has the
drawback that low Xgpr only traces obscured SF.

The MS slope that we obtain is lower than the ones shown in
Fig. 8 with the exception of the Cano-Diaz et al. (2016) relation. To
exclude effects due to different fitting procedures, which can largely
affect the MS slope and intercept, we also compute the relation
using the ODR method, and we find a slope of 0.88. This value is
still lower than the ones found in the works mentioned above, but
it is important to underline that our relation was computed from
eight galaxies against the hundreds of sources of other works. As
there are strong galaxy-to-galaxy variations, it is important to apply
our approach on a larger sample to carry out a more meaningful
comparison with other works.

5 DISCUSSION AND CONCLUSIONS

In this paper, we have presented a new analysis of eight local face-
on spirals, with the aim of understanding if the MS is a universal
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relation holding also on sub-galactic scales. Other surveys of nearby
galaxies have addressed this question, showing clear correlation
between stellar masses and star formation per unit area, and to their
gas content (Bigiel et al. 2008; Leroy et al. 2008; Casasola et al.
2015). By exploiting the publicly available photometric information
of DustPedia in the UV-to-FIR spectral range, we have been able
to perform a global SED fitting procedure that allowed us to
simultaneously account for a careful evaluation of the obscured and
unobscured SFR components, over the full optical radius, larger
than what is obtained with optical IFS at similar redshifts. Our
limited sample is restricted to the grand-design spirals with low
inclination, large spatial extension, and regular spiral arm structures
in DustPedia. This analysis has provided a total of tens of thousands
of physical cells on typical scales of ~0.5 kpc over very different
internal galaxy environments (bulges, spiral arms, inter-arms re-
gions, and outskirts). This set is thus well fit to study the secular
evolution processes that regulate the star formation in local sources,
dominated by rotationally supported systems (e.g. Forster Schreiber
etal. 2009; Law et al. 2009; Glazebrook 2013; Wisnioski et al. 2015;
Simons et al. 2017; Forster Schreiber et al. 2018; Ubler et al. 2019).

Some individual galaxies show peculiar variation around the
Ysrr—2, relation presented in Fig. 6 (see the bottom right panels
in Figs A1-A7). For example, NGC 3938 and NGC 4254 show an
average enhancement of the SFR, which we interpret as a possible
effect of the environment, as these two sources are located in the
Ursa Major group and the Virgo cluster, respectively. Other galaxies,
in particular NGC 0628, show a prominent bulge feature appearing
as a narrow distribution at the highest stellar mass densities. Indeed,
we already mentioned that at the lowest stellar mass densities (i.e.
at large galactocentric distances) in few sources we have identified
a cloud of cells deviating from the main relation towards lower
SFR, at a fixed stellar mass (NGC 4321 is the cleanest example).
Such distributions are circularly distributed in the outer parts of the
galaxies, out of the regions spanned by the dynamical interaction of
the spiral arms. It is still to be understood if this is associated with
an older population migrated out of the disc, or if it is the remnant
of external accretion through, for example, minor merging. Finally,
only NGC 5457 reveals strong mini-starbursts inside the spiral arms
(i.e. regions well elevated above the MS, by a factor larger than 10—
100 times at a fixed mass density).

In any case, the combination of all the eight galaxies demon-
strates the existence of a universal relation, as the deviation of
single sources is well within the global scatter of ~0.27 dex
(see Section 4.3). We have then demonstrated that such a relation
holds at different galaxy scales, supporting the interpretation from
other surveys that the SFR is regulated by local processes of gas-
to-stars conversion happening at GMC scales of the order of a
few hundred pc. With respect to other works, we have, however,
provided evidence that such secular regulation keeps to apply at
the farthest galactocentric distances, where the optical disc is still
influenced by the density wave motions, originating the spiral arms.

This work defines an accurate locus in the Xgpr—X, plane,
constrained by observed distributions covering 3 dex in the pa-
rameter space. Such a definition of the spatially resolved MS
in local disc galaxies represents a valuable reference for future
comparison to different galaxy morphological types adopting a
similar panchromatic approach. Indeed, there are indications that
galaxy morphology plays an important role in characterizing the
spatially resolved MS relation, especially its scatter (e.g. Gonzdlez
Delgado et al. 2016; Cano-Diaz et al. 2019). Maragkoudakis et al.
(2017) observe a decrease in the spatially resolved MS relation from
late-type to early-type spirals, while the scatter remains constant.
Other works do not find a similar connection (Hall et al. 2018).
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These examples show the importance of extending the analysis
performed in this work to a larger sample of galaxies encompassing
different morphologies.

In the second paper of this series, we will exploit this reference
sample to study if and how the distance to the resolved MS is
connected to the total (atomic and molecular) gas content (Morselli
et al., in prep.).

6 SUMMARY

The star-forming MS is a well-studied tight relation between stellar
masses and SFRs, observed up to z ~ 6, over a great variety of
environments and morphologies, both globally, counting galaxies as
a whole, and locally, resolving physical properties in single galaxy
regions. In this work, we perform spatially resolved SED fitting in a
sample of eight local grand-design spirals taken from the DustPedia
archive and we use the outputted maps of stellar mass and SFR (see
the appendix) to analyse the spatially resolved MS of SFGs on
scales spanning the range between 0.4 and 1.5 kpc. We summarize
here our main findings:

(i) When considering the eight galaxies together, we obtain a
spatially resolved MS with a slope of 0.82 and an intercept of
—8.69. When fitting the data with the ODR method, we obtain a
slope and an intercept of 0.88 and —9.05, respectively. This relation
holds on difterent scales, from sub-galactic to galactic;

(i1) The local spatially resolved MS is consistent with the evolu-
tionary (from high-z) low-mass relation, thus proving its universality
across cosmic time. This is a crucial point to validate the integrated
information on individual galaxies at high redshifts;

(iii) We have overtaken the limits of all the spectroscopic resolved
emission line studies, based mainly on H o and Balmer decrement
corrections for dust extinction. The sensitivities of these surveys do
not sample the lowest M, and SFR as we do with a multiwavelength
photometric approach, allowing us to probe the outermost regions
of galaxies.

We plan to extend this analysis on different morphological types
inside the DustPedia sample, while improving the SED fitting
pipeline to investigate star formation histories of resolved galaxy
regions. We will also link these results with existing gas observations
(i.e. CO, Hy, and C) to further understand the role of secular
evolution in galaxies.
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Sub-kpc MS in nearby spirals 4119

APPENDIX A: GALAXY-BY-GALAXY RESULTS

In this appendix, we present the individual galaxy-by-galaxy results, reporting the SFR and stellar mass maps, along with a map measuring
the distance from the fitted MS (blue points towards starburst and red points towards quenched ones). In the lower left panel, we report the
results on the M,—SFR plane, with fitted (total) MS in black and the one fitting the lone galaxy results.
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Figure A3. Same as Fig. 4, for NGC 4254.
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Figure A7. Same as Fig. 4, for NGC 5457.
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