A&A 637, A25 (2020)

Taust [K]

0.0 0.2 0.4 0.6 0.8 1.0 15 20 25
40 —— Bulge
— Bar

fyoung

NGC1365
35 === Running median
30
25
20

15

10

40

35

30

25

20

15

10

40

Tdust [K]

35

30

Distance from centre [kpc]

25

20

15

10

40

35

30

25

20

15

>

10

wu
-10 0 10

Distance [kpc]

0 5 10 15
Distance from centre [kpc]

Fig. 9. Left column: distribution of the temperature of the diffuse dust
with galactocentric distance. Each point represents a dust cell in our
simulations. They are colour-coded according to fyoung. The level of
transparency indicates the point density. The bulge radius is indicated
with a vertical red line while the vertical blue line denotes the outer
truncation radius of the Ferrers-bar. The dashed black line is the run-
ning median through the data points. Right column: face-on view of the
dust temperatures as obtained from the 3D dust cell distribution, for
each galaxy. The bulge region is indicated with a solid red circle and
the bar region with a dashed blue ellipse.

M 83 and M 100). At the point where the bar is truncated,
this plateau is followed by a continuous decline. These results
are consistent with those obtained in previous studies on the
Tqust radial trends of nearby spiral galaxies (Pohlen et al. 2010;
Sauvage et al. 2010; Boquien et al. 2011; Xilouris et al. 2012;
Bendo et al. 2012; Galametz et al. 2012). Here we see again
the possible effect of the bar to the T4y radial profile, since the
plateau (or shoulder) is seen in the bar inner region. The average
T qust in the bulge region of NGC 1365, M 83, M 95, and M 100 is
warmer than the average Ty in the bar by 25%, 22%, 28%, and
16%, respectively. We measured the global dust temperatures
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for NGC 1365, M 83, M 95, and M 100 to be 19.2 + 3.8K,
21.8 £3.6K, 17.5 £ 3.0K, and 17.6 + 2.6 K, respectively. The
average dust temperature of our galaxy sample is 19.0 = 1.7 K.
According to Nersesian et al. (2019), the average dust tempera-
ture for Sb-Sc type galaxies is 22.2 + 3.0 K and compares fairly
well with the mean dust temperature derived here for our galaxy
sample.

Taking advantage of the information given by fyoung, it is
apparent that the emission of the old stellar population is directly
responsible for the high dust temperatures at the nuclear region
of each galaxy. This behaviour is expected since bulges are
regions of extremely high radiation density produced by old
stars. For example, several studies concluded that early-type
galaxies (which tend to be more concentrated than spirals and
their ISRF is governed by old stellar emission) have on average
warmer dust temperatures than late-type galaxies (e.g. Skibba
et al. 2011; Nersesian et al. 2019). The old stellar population is
also responsible for the lower dust temperatures in the bar and
disc inner regions, as opposed to the higher temperatures there
which are driven by star formation. In the right column of Fig. 9
we plot the dust temperature maps, to get a better visual view
of the results discussed here. The bulge and the bar regions are
indicated with a solid red circle and a dashed blue ellipse, respec-
tively. Indeed, from this plot it is evident that the dust tempera-
ture is enhanced near the nucleus and along the spiral arms near
star-forming regions. On the other hand, in the inter-arm and out-
ermost regions of each galaxy, the diffuse dust is much colder.
This radial trend mostly is a consequence of the diluted ISRF
and possibly due to fewer young stellar populations at larger
radii. The bars are not prominent in the temperature maps (with
the exception of M 83). More specifically in the case of M 95,
which has an inner and an outer star-forming ring with the bar
acting as a bridge between them, we see that dust temperature in
the inner ring ranges from 25-33 K, while the dust temperatures
of the outer ring drops to 15-25 K. The old stellar population is
the dominant heating agent of the diffuse dust in the outer ring
of M 95, and the young stellar populations are dominating the
dust-heating process in the inner ring.

6. Conclusions

We have constructed detailed 3D radiative transfer models using
the state-of-the-art Monte Carlo code SKIRT, for four late-type
barred spiral galaxies (NGC 1365, M 83, M 95, M 100), with the
purpose of investigating the dust-heating processes and to assess
the influence of the bar on the heating fraction. Our models have
been validated by comparing the simulated SEDs with the obser-
vational data across the entire UV to submm wavelength range,
yielding a best-fitting description of each galaxy. Here we list
our main results:

— We provide global attenuation curves for NGC 1365, M 83,
M 95, M 100, M 81, and M 77, and we confirm the depen-
dence of the shape of the observed attenuation curve with the
star-to-dust geometry and the level of star-formation activity.
The strength of the UV bump and the slope of the attenuation
curve correlate with the sSFR of a galaxy and the degree of
complexity of the star-to-dust geometry.

— For the full sample, 36.5% of the bolometric luminosity is
absorbed by dust. This average fraction is in line with the
mean values determined by Bianchi et al. (2018), for the
particular morphological group (Sb-Sc) that our galaxies fall
into.

— We find that the old stellar population has a more active role
in the process of dust heating. This result hints that the use
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of infrared luminosity as proxy for the star-formation activ-
ity in star-forming galaxies should be used with caution.
The global fyoung fractions for NGC 1365, M 83, M 95, and
M 100 are 68%, 64%, 47%, and 57%, respectively. We find
that the old stellar population is the dominant heating source
in the bulge region, while both old and young stellar popu-
lations are equally responsible for the dust heating in the bar
region.

— We confirm a strong link between fyoung and the sSFR which
was previously reported in the radiative transfer model anal-
ysis of M 51 (De Looze et al. 2014), M 31 (Viaene et al.
2017), and M 81 (Verstocken et al. 2020), as well as in
studies of Nersesian et al. (2019) for the DustPedia galaxy
sample and Leja et al. (2019) for the 3D-HST galaxy sam-
ple, and provide a relation to calibrate the contribution of
the old stellar population to dust heating in global SED
modelling.

— We confirm that the central regions and the two diametri-
cally opposed ends of the bar are places of enhanced star
formation and show that the bar in those galaxies affects the
radial profiles of the fyoung and dust temperature. On aver-
age, the diffuse dust temperatures at the central regions of
galaxies are warmer than those at the bar regions, while T,
decreases towards the outer parts of galaxies. The old stel-
lar population is exclusively responsible for the warmer T g,
at the bulge and the colder T4y across the galactic disc of
galaxies. The young stellar populations are responsible for
the warmer Ty in the spiral arms and near the star-forming
dust clouds. The average dust temperature of our galaxy sam-
ple is 19.0 + 1.7K and is comparable to the mean values
derived by Nersesian et al. (2019), for the particular mor-
phological group (Sb-Sc) that our galaxies fall into.

The full description of our framework and the results of the radi-
ation transfer modelling of M 81 are presented in Verstocken
et al. (2020), while the modelling results of a galaxy with the
addition of an AGN component, NGC 1068 (M 77) will be pre-
sented in Viaene et al. (2020). The continuation of the 3D radi-
ation transfer modelling in a statistically significant sample of
nearby spatially resolved galaxies, which have been modelled in
a homogeneous way, will allow us to better understand the scat-
ter in the SSFR—fyoung relation but also to investigate the proper-
ties of dust (e.g. composition, size distribution, etc.) and possible
variations in the dust-heating processes among different galaxy
types in the local Universe.
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Appendix A: Global photometry

Table A.1. Integrated flux densities for our galaxy sample in this paper, listed by increasing central wavelength.

NGC 1365 M 83 M 95 M 100
Instrument Band Aett Flux density Flux density Flux density Flux density
[pm] Jy] Jy] 1Jy] Lyl

GALEX FUV 0.154 0.043 + 0.002 0.287 £ 0.013 0.016 £ 0.001 0.031 + 0.002
GALEX NUV 0.227 0.061 + 0.002 0.470 £ 0.013 0.027 £ 0.001 0.054 + 0.002
SDSS u 0.359 - - 0.081 £ 0.001 0.202 £ 0.003
SDSS g 0.464 - - 0.340 + 0.003 0.498 + 0.004
SDSS/Other r/Rc 0.612 0.907 £ 0.007 5.455 £ 0.044 0.632 + 0.005 0.815 £ 0.006
SDSS i 0.744 - - 0.896 + 0.006 1.134 £ 0.008
SDSS b4 0.890 - - 1.007 £ 0.008 1.237 £ 0.010
2MASS J 1.235 1.796 + 0.050 9.818 £ 0.275 1.470 + 0.041 1.681 + 0.047
2MASS H 1.662 1.710 + 0.050 11.870 £ 0.332 1.946 + 0.054 2.117 + 0.059
2MASS Ks 2.159 1.698 + 0.050 8.350 + 0.234 1.573 £ 0.044 1.430 + 0.040
WISE Wi 3.352 1.214 £ 0.035 6.113 £ 0.180 0.814 £ 0.024 0.922 £ 0.027
IRAC I1 3.508 1.170 + 0.035 6.295 + 0.190 0.805 + 0.024 0.967 £ 0.030
IRAC 12 4.437 0.884 + 0.027 4.124 £ 0.124 0.498 £ 0.015 0.628 + 0.020
WISE w2 4.603 0.885 + 0.030 3.818 £ 0.130 0.439 £ 0.015 0.519£0.018
IRAC I3 5.628 2.190 + 0.066 12.400 + 0.370 0.820 + 0.025 1.314 + 0.040
IRAC 14 7.589 5.210 £ 0.156 30.051 £ 0.901 1.612 £ 0.048 3.318 £0.010
WISE W3 11.56 4.164 +£0.192 21.105 £ 0.971 1.080 + 0.050 2452 £ 0.113
WISE w4 22.09 12.472 + 0.698 45.804 +2.565 2.690 + 0.151 3.690 + 0.207
MIPS 24 23.21 8.853 +0.443 39.885 £ 1.994 2.387 +0.119 3.318 £ 0.166
MIPS 70 68.44 - 306.368 + 30.640 - 35.647 + 3.565
PACS 70 68.92 138.496 + 9.695 448.555 +31.398  25.907 + 1.813 42.932 + 3.005
PACS 100 100.8  214.973 £15.048 - 49.566 + 3.470 87.256 + 6.108
MIPS 160 152.6 - 756.137 +90.740 - 117.714 + 14.126
PACS 160 1539  204.472 +14.313 834.000 £ 58.380  54.741 + 3.832 115.215 + 8.065
SPIRE PSW 247.1 99.620 + 5.480 371.240 £20.420  29.693 +1.633 63.481 + 3.491
SPIRE PMW  346.7 43.280 + 2.380 148.972 + 8.194 13.183 £0.725 26.801 = 1.474
HFI 857 349.9 37.410 +£2.390 134.040 + 8.578 9.535 +0.610 16.454 + 1.053
SPIRE PLW 496.1 15.085 +0.830 50.356 +£2.770 4.804 + 0.264 9.054 + 0.498
HFI 545 550.1 11.470 £ 0.700 34.851 £2.126 2.544 £ 0.155 4.753 £ 0.300
HFI 353 849.3 2.424 +0.020 3.900 + 0.030 0.766 + 0.006 1.056 + 0.008

Notes. The bands not used in our modelling are indicated in boldface.

Table A.1 summarises the final aperture photometry flux densi-
ties extracted from the image data, used for the radiative transfer
modelling. The bands that were not used in our modelling are
indicated in boldface.

Appendix B: Image comparison

Figures B.1-B.3 show the observational, model, and residual
images for 6 wavebands that were fitted with SKIRT. Residu-
als are calculated as the relative difference between the mod-
elled and the observed flux densities (Eq. (1)). Overall, the
observations are fitted quite well with absolute residuals within
50% in all three galaxies. The largest discrepancies can be seen
for NGC 1365, for the IRAC 3.6 um and MIPS 24 um wave-
bands. The model overestimates the observations with absolute
residuals higher than 50%, especially for MIPS 24 um, where

the model overestimates the flux densities up to 100%, with
the extremely bright AGN in the centre as a possible cause.
In the fourth panel of Fig. la (young ionising stellar disc), an
Airy ring effect is still visible, despite our efforts to subtract the
AGN emission (PSF) from the original image by employing 2D
decomposition with GALFIT (Peng et al. 2010). To be more spe-
cific, since AGN is a point source we convolved it with the PSF
for the MIPS 24 ym image. We assumed a model for that galaxy
that includes an AGN, a Sérsic bulge, a Ferrers bar and an expo-
nential disc, and then we subtracted the modelled AGN from
the original image. Nevertheless, the residuals of the remain-
ing wavebands and galaxies are still more or less within 50%,
and with very narrow residual distributions, indicating that our
simulations are accurate representations of the observed data. A
detailed explanation of the cause of several residuals in these
maps is given in Sect. 4.2.
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