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Modelling galaxy SEDs with radiative transfer

NGC891
Tau(B)=3.5

69% diffuse 

Dust heated by: 
-11% bulge 
-20% old stellar disk 
-38% young stellar disk 

2D modelling:

- Double exponential 
distributions for  

stellar and dust disks 

- Sersic distribution 
for stellar bulge 

- Clumpy component  
(PDR/HII regions)

Library of dust attenuation curves: Tuffs et al. 2004 
Library of model SEDs: Popescu et al. 2011 
Library of radiation fields: Popescu & Tuffs 2013 
Dust effects on surface brightness photometry: Pastrav et al 2013a,b



 DART-Ray
• Dust Adaptive Radiative 

Transfer Ray-Tracing 

• RT algorithm based on 
“source influence volume” 
approach 

• 3D (arbitrary stellar-dust 
geometries) 

• Anisotropic scattering 

• Stochastically heated dust 
emission included  

Galaxy dust radiative transfer with DART-RAY 13

10 31

10 32

10 33

10 34

10 30

10 31

10 32

10 33

10 30

10 31

10 32

10 33

10 29

10 30

10 31

10 32

10 29

10 30

10 31

10 32

10 28

10 29

10 30

10 31

10 27

10 28

10 29

10 30

10 24

10 25

10 26

10 27

10 28

Figure 7. Predicted face-on view maps of the galaxy stellar light brightness at UV (912 and 2200 Å), optical (4430 Å) and near-IR (2.2µm) wavelengths and

of the dust emission brightness at a set of infrared wavelengths (8, 24, 160, 500µm). The units of the values aside of the colour bar are erg/(s Å sr pc2). Maps

for additional wavelengths are shown in the appendix. Fig. A1
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Figure 26. Comparison of the images of output surface brightness at different inclinations (0◦, 51◦ and 90◦ from left to right) for a pure double
exponential disk galaxy model (upper row) and a model including spiral arms (lower row). The models are for a central face-on optical depth τfB = 1.
See text for details.

Figure 27. Comparison of the attenuation curves in the B-band as a function of galaxy inclination for the pure double exponential model (continuous
line) and for the model with spiral arms (dashed line)

Figure 28. Comparison of the B-band RFED radial profile for the models with and without spiral arms. The squares represent the RFED values for
the pure double exponential galaxy model. The blue line is the RFED profile along the x-axis of the spiral galaxy model, while the red line is the RFED
profile azimuthally averaged for the same model.
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Figure 7. Predicted face-on view maps of the galaxy stellar light brightness at UV (912 and 2200 Å), optical (4430 Å) and near-IR (2.2µm) wavelengths and

of the dust emission brightness at a set of infrared wavelengths (8, 24, 160, 500µm). The units of the values aside of the colour bar are erg/(s Å sr pc2). Maps

for additional wavelengths are shown in the appendix. Fig. A1
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 Determining the fraction of dust emission powered by 
young and old stellar populations 

• RT for young and old stellar population emission 
separately —> dust heating rates 

• Dust bolometric luminosity = Sum of heating rates due to 
young and old SP   

• Monochromatic dust emission is NOT linear with dust 
heating  

• Analysis of dust heating and emission for each grain size 
and composition

Natale et al. (2015) 



 The galaxy model

UV Optical Mid-infrared

Natale et al. (2015) 



 Results for integrated emission

Galaxy dust radiative transfer with DART-RAY 23

Figure 20. Total intrinsic stellar emission SED (black curve) of the simulated galaxy and contributions due to young (blue) and old (red) stellar populations.

Figure 21. Total dust emission SED (black curve) of the simulated galaxy and contribution due to dust emission powered by young stellar populations (dashed

curve).

For the maps and radial profiles derived for the inclined view,
shown in Fig. D2-D4 of the appendix, we notice essentially the
same characteristics for all the maps and radial profiles as for the
face-on view.

Finally, in Fig.24 we show the young and old SPs powered
dust emission maps and the relative fraction of emission due to
young SPs for the edge-on view. We notice that:
(i) the dust emission powered by young SPs is rather more clumpy
within the galaxy disc than that powered by old SPs;
(ii) as for the face-on and inclined views, the fraction is higher for
the 24µm emission compared to the other wavelengths and the
bolometric emission.

As for the other inclinations, we derived the profiles of the ver-
tical average of the young SP powered dust emission fraction and
the young SP powered dust luminosity vertical density and cumula-
tive fraction (see Fig. D5-D6 in the appendix). From these we see
that more than 95% of the young SP powered dust emission lumi-
nosity is emitted within 100 pc of the galaxy plane. The fraction of
young SP powered dust emission is about 50% in the galaxy plane
and goes down to 40% at z=1 kpc, with the exception of the 24µm
map where the fraction goes from 75% to 60%.

c⃝ 0000 RAS, MNRAS 000, 000–000
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 Results for local emission
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Figure 22. Bolometric and monochromatic dust emission maps powered by young SPs (left) and old SP (middle) and relative fraction of dust emission powered

by young SPs (right) for the face-on view.
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 Results for local emission
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Figure 22. Bolometric and monochromatic dust emission maps powered by young SPs (left) and old SP (middle) and relative fraction of dust emission powered

by young SPs (right) for the face-on view.
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 Take home messages
• 3D dust radiative transfer is hard but also a necessary evil 

• It can be used to determine the contribution to the dust 
heating and emission from young and old SPs 
separately. 

• Our theoretical experiment suggests that:                                                 
- MIR emission is mainly powered by young SPs                                                            
- Diffuse FIR emission slightly dominated by old SP 
heating. Clumpy FIR emission dominated by young SP 
heating. 



 Modelling real galaxies: Milky Way
Planck 350 μm
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Model 350 μm

Preliminary results!!! 

Plots MW paper: model with hs =3.9 kpc, hz = 50 pc, constant
dust density in the inner galaxy regions and small taper. .

Background estimate above/below a strip of width 10 degrees. This
model includes the taper also for the HII region emission

July 13, 2015

1 Global SED over entire strip (not entire sphere)

Figure 1: Integrated brightness over the entire strip
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 Determining dust heating with 3D RT calculations
Procedure for monochromatic emission  

(for each volume element in the 3D grid and  
each grain size “a” and composition “i”) 

1) total monochromatic and bolometric emission 

2) young SP powered bolometric dust luminosity 

3) relative fraction of young SP powered bolometric luminosity 

4) fraction of young SP powered monochromatic luminosity 
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considering only the emission from stellar populations with ages
younger or older than a threshold age tlim. In this way one can de-
termine the RFED contributions Ucell

λ,young and Ucell
λ,old due to young

and old SPs to the total RFED in each cell (one contribution can be
derived directly from the new RT run and the other by subtraction
to the total RFED). From the values of Ucell

λ,young and Ucell
λ,old one can

then derive the luminosity coming from young and old SPs which
is absorbed in each cell:

Lcell,abs
young = cMcell

d

!
kλ,absU

cell
λ,youngdλ (3)

and

Lcell,abs
old = cMcell

d

!
kλ,absU

cell
λ,olddλ (4)

where kλ,abs is the absorption coefficient per unit dust mass for the
adopted dust model and Mcell

d is the dust mass in the cell. Instead,
the total absorbed luminosity in each cell Lcell,abs

TOT is equal to the
sum of the above absorbed luminosities:

Lcell,abs
TOT = Lcell,abs

young + Lcell,abs
old (5)

Since dust simply re-emits all the luminosity that it absorbs, the to-
tal bolometric dust emission luminosity and the contributions pow-
ered by young and old SPs are equal to Lcell,abs

TOT , Lcell,abs
young and

Lcell,abs
old respectively. Therefore, one can use those quantities to

calculate the relative fractions of dust emission luminosity powered
by the two SPs for each cell as well as for the entire model.

While determining the amount of the dust bolometric lumi-
nosity powered by young and old SPs is quite straightforward, it
is rather more complex to determine their relative contributions
to the dust emission luminosity at single infrared wavelengths.
In contrast to the bolometric case, one cannot simply calculate
the amount of dust emission by considering Ucell

λ,young and Ucell
λ,old

separately and then sum the inferred dust emission spectra in order
to obtain the total dust emission. This is because the dust emission
spectra of each grain depends non linearly from the RFEDs and,
thus, it has to be calculated from the total RFED (given by the
sum of Ucell

λ,young and Ucell
λ,old). Also, when calculating the relative

fraction of monochromatic luminosity powered by young and old
SPs, it is necessary to consider the emission spectra from the single
grains. The reason is that young and old SPs emit predominantly
in different regions of the UV to near-IR wavelength range and, at
the same time, dust grains have wavelength dependent absorption
coefficients determined by their size and composition. Therefore,
different grains can be more or less efficient in absorbing radiation
from young or old SPs. Finally, when considering the emission
spectra of a single grain, one can assume that the fraction of the
emission at a single wavelength powered by young/old SPs is
equal to their relative contribution to the single grain bolometric
emission. This is because one can assume that all photons heat
the grain simultaneously and the absorbed luminosity is simply
redistributed in the grain emission spectra4. For all these reasons,
one can use the following procedure for each single cell:

1) Calculate the monochromatic luminosity Lcell
λ (a, i) at

wavelength λ as well as the bolometric luminosity Lcell(a, i) for

4 Strictly speaking this statement is true only for grains in equilibrium with

the UV/optical radiation fields. For stochastically heated grains this is only

an approximation, which however gives rise to only minor deviations from

the predictions of our present analysis.

each grain of size a and grain species i, assuming the total RFED
value (including contributions from both young and old SPs);

2) Calculate the bolometric dust luminosity powered by young
stellar populations Lcell

young(a, i) for each grain size and species.
This can be calculated from the heating rate Hcell

young(a, i) derived
from the RFED from the young SP run:

Lcell
young(a, i) = Hcell

young(a, i) (6)

3) Calculate the fraction of bolometric single grain luminosity
powered by young SPs χyoung(a, i), which is given by:

χcell
young(a, i) =

Lcell
young(a, i)

Lcell(a, i)
(7)

4) Assuming that χcell
young(a, i) is equal to the fraction of heat-

ing by young SPs at all wavelengths of the single grain emission
spectra, one can then derive the single grain monochromatic emis-
sion luminosity powered by young SPs Lcell

λ,young(a, i) as:

Lcell
λ,young(a, i) = χcell

young(a, i)L
cell
λ (a, i) (8)

5) By integrating Lcell
λ,young over the grain size distribution and

summing over the different species, one obtains the total amount of
monochromatic dust luminosity powered by young SPs Γcell

λ,young:

Γcell
λ,young =

"
i

!
n(a, i)Lcell

λ,young(a, i)da (9)

where n(a, i) is the grain number density. By combining Γcell
λ,young

with the total value for the monochromatic dust emission luminos-
ity, one can derive the fraction of monochromatic dust emission
powered by young and old SPs.

4 APPLICATION TO A HIGH RESOLUTION
N-BODY+SPH GALAXY SIMULATION

In this section we describe the galaxy simulation used in this paper
and provide details on how the 3D grids of stellar emissivity and
dust opacity, input to the RT calculations, have been created. We
also describe the methods we used to analyse the simulated galaxy
maps, as well as the maps of the intrinsic distributions of stellar
emission, dust opacity and gas mass.

4.1 The N-body+SPH galaxy simulation

The N-body+SPH galaxy simulation we used is described in detail
by Cole et al. (2014) and references therein. Here we summarize
only a few of the main details of particular interest for this work.
The galaxy simulation models the formation and evolution of a disc
galaxy within a corona of hot gas embedded in a dark matter halo.
The simulation was run using the N-body+SPH code GASOLINE.
Subgrid prescriptions were used for the treatment of warm/hot gas
cooling, star formation and stellar feedback (following Stinson et
al. 2006, see Cole et al. 2014). Metal cooling has not been consid-
ered in this calculation. Metal enrichment of the gas particles is
calculated by assuming the yields of Woosley & Weaver (1995).
The adopted force softening parameter, setting the spatial resolu-
tion of the calculation, is 50 pc. We note that no stellar particle is
present at the beginning of the simulation but all stars are born out
of cooled gas whose density is high enough to trigger star forma-
tion. For the RT calculation, we considered the model after 10 Gyr
of evolution. At this epoch, Cole et al. (2014) show that the model
has a prominent nuclear disc while Ness et al. (2014) show that the

c⃝ 0000 RAS, MNRAS 000, 000–000
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considering only the emission from stellar populations with ages
younger or older than a threshold age tlim. In this way one can de-
termine the RFED contributions Ucell

λ,young and Ucell
λ,old due to young

and old SPs to the total RFED in each cell (one contribution can be
derived directly from the new RT run and the other by subtraction
to the total RFED). From the values of Ucell

λ,young and Ucell
λ,old one can

then derive the luminosity coming from young and old SPs which
is absorbed in each cell:

Lcell,abs
young = cMcell

d

!
kλ,absU

cell
λ,youngdλ (3)

and

Lcell,abs
old = cMcell

d

!
kλ,absU

cell
λ,olddλ (4)

where kλ,abs is the absorption coefficient per unit dust mass for the
adopted dust model and Mcell

d is the dust mass in the cell. Instead,
the total absorbed luminosity in each cell Lcell,abs

TOT is equal to the
sum of the above absorbed luminosities:

Lcell,abs
TOT = Lcell,abs

young + Lcell,abs
old (5)

Since dust simply re-emits all the luminosity that it absorbs, the to-
tal bolometric dust emission luminosity and the contributions pow-
ered by young and old SPs are equal to Lcell,abs

TOT , Lcell,abs
young and

Lcell,abs
old respectively. Therefore, one can use those quantities to

calculate the relative fractions of dust emission luminosity powered
by the two SPs for each cell as well as for the entire model.

While determining the amount of the dust bolometric lumi-
nosity powered by young and old SPs is quite straightforward, it
is rather more complex to determine their relative contributions
to the dust emission luminosity at single infrared wavelengths.
In contrast to the bolometric case, one cannot simply calculate
the amount of dust emission by considering Ucell

λ,young and Ucell
λ,old

separately and then sum the inferred dust emission spectra in order
to obtain the total dust emission. This is because the dust emission
spectra of each grain depends non linearly from the RFEDs and,
thus, it has to be calculated from the total RFED (given by the
sum of Ucell

λ,young and Ucell
λ,old). Also, when calculating the relative

fraction of monochromatic luminosity powered by young and old
SPs, it is necessary to consider the emission spectra from the single
grains. The reason is that young and old SPs emit predominantly
in different regions of the UV to near-IR wavelength range and, at
the same time, dust grains have wavelength dependent absorption
coefficients determined by their size and composition. Therefore,
different grains can be more or less efficient in absorbing radiation
from young or old SPs. Finally, when considering the emission
spectra of a single grain, one can assume that the fraction of the
emission at a single wavelength powered by young/old SPs is
equal to their relative contribution to the single grain bolometric
emission. This is because one can assume that all photons heat
the grain simultaneously and the absorbed luminosity is simply
redistributed in the grain emission spectra4. For all these reasons,
one can use the following procedure for each single cell:

1) Calculate the monochromatic luminosity Lcell
λ (a, i) at

wavelength λ as well as the bolometric luminosity Lcell(a, i) for

4 Strictly speaking this statement is true only for grains in equilibrium with

the UV/optical radiation fields. For stochastically heated grains this is only

an approximation, which however gives rise to only minor deviations from

the predictions of our present analysis.

each grain of size a and grain species i, assuming the total RFED
value (including contributions from both young and old SPs);

2) Calculate the bolometric dust luminosity powered by young
stellar populations Lcell

young(a, i) for each grain size and species.
This can be calculated from the heating rate Hcell

young(a, i) derived
from the RFED from the young SP run:

Lcell
young(a, i) = Hcell

young(a, i) (6)

3) Calculate the fraction of bolometric single grain luminosity
powered by young SPs χyoung(a, i), which is given by:

χcell
young(a, i) =

Lcell
young(a, i)

Lcell(a, i)
(7)

4) Assuming that χcell
young(a, i) is equal to the fraction of heat-

ing by young SPs at all wavelengths of the single grain emission
spectra, one can then derive the single grain monochromatic emis-
sion luminosity powered by young SPs Lcell

λ,young(a, i) as:

Lcell
λ,young(a, i) = χcell

young(a, i)L
cell
λ (a, i) (8)

5) By integrating Lcell
λ,young over the grain size distribution and

summing over the different species, one obtains the total amount of
monochromatic dust luminosity powered by young SPs Γcell

λ,young:

Γcell
λ,young =

"
i

!
n(a, i)Lcell

λ,young(a, i)da (9)

where n(a, i) is the grain number density. By combining Γcell
λ,young

with the total value for the monochromatic dust emission luminos-
ity, one can derive the fraction of monochromatic dust emission
powered by young and old SPs.

4 APPLICATION TO A HIGH RESOLUTION
N-BODY+SPH GALAXY SIMULATION

In this section we describe the galaxy simulation used in this paper
and provide details on how the 3D grids of stellar emissivity and
dust opacity, input to the RT calculations, have been created. We
also describe the methods we used to analyse the simulated galaxy
maps, as well as the maps of the intrinsic distributions of stellar
emission, dust opacity and gas mass.

4.1 The N-body+SPH galaxy simulation

The N-body+SPH galaxy simulation we used is described in detail
by Cole et al. (2014) and references therein. Here we summarize
only a few of the main details of particular interest for this work.
The galaxy simulation models the formation and evolution of a disc
galaxy within a corona of hot gas embedded in a dark matter halo.
The simulation was run using the N-body+SPH code GASOLINE.
Subgrid prescriptions were used for the treatment of warm/hot gas
cooling, star formation and stellar feedback (following Stinson et
al. 2006, see Cole et al. 2014). Metal cooling has not been consid-
ered in this calculation. Metal enrichment of the gas particles is
calculated by assuming the yields of Woosley & Weaver (1995).
The adopted force softening parameter, setting the spatial resolu-
tion of the calculation, is 50 pc. We note that no stellar particle is
present at the beginning of the simulation but all stars are born out
of cooled gas whose density is high enough to trigger star forma-
tion. For the RT calculation, we considered the model after 10 Gyr
of evolution. At this epoch, Cole et al. (2014) show that the model
has a prominent nuclear disc while Ness et al. (2014) show that the
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considering only the emission from stellar populations with ages
younger or older than a threshold age tlim. In this way one can de-
termine the RFED contributions Ucell

λ,young and Ucell
λ,old due to young

and old SPs to the total RFED in each cell (one contribution can be
derived directly from the new RT run and the other by subtraction
to the total RFED). From the values of Ucell

λ,young and Ucell
λ,old one can

then derive the luminosity coming from young and old SPs which
is absorbed in each cell:

Lcell,abs
young = cMcell

d

!
kλ,absU

cell
λ,youngdλ (3)

and

Lcell,abs
old = cMcell

d

!
kλ,absU

cell
λ,olddλ (4)

where kλ,abs is the absorption coefficient per unit dust mass for the
adopted dust model and Mcell

d is the dust mass in the cell. Instead,
the total absorbed luminosity in each cell Lcell,abs

TOT is equal to the
sum of the above absorbed luminosities:

Lcell,abs
TOT = Lcell,abs

young + Lcell,abs
old (5)

Since dust simply re-emits all the luminosity that it absorbs, the to-
tal bolometric dust emission luminosity and the contributions pow-
ered by young and old SPs are equal to Lcell,abs

TOT , Lcell,abs
young and

Lcell,abs
old respectively. Therefore, one can use those quantities to

calculate the relative fractions of dust emission luminosity powered
by the two SPs for each cell as well as for the entire model.

While determining the amount of the dust bolometric lumi-
nosity powered by young and old SPs is quite straightforward, it
is rather more complex to determine their relative contributions
to the dust emission luminosity at single infrared wavelengths.
In contrast to the bolometric case, one cannot simply calculate
the amount of dust emission by considering Ucell

λ,young and Ucell
λ,old

separately and then sum the inferred dust emission spectra in order
to obtain the total dust emission. This is because the dust emission
spectra of each grain depends non linearly from the RFEDs and,
thus, it has to be calculated from the total RFED (given by the
sum of Ucell

λ,young and Ucell
λ,old). Also, when calculating the relative

fraction of monochromatic luminosity powered by young and old
SPs, it is necessary to consider the emission spectra from the single
grains. The reason is that young and old SPs emit predominantly
in different regions of the UV to near-IR wavelength range and, at
the same time, dust grains have wavelength dependent absorption
coefficients determined by their size and composition. Therefore,
different grains can be more or less efficient in absorbing radiation
from young or old SPs. Finally, when considering the emission
spectra of a single grain, one can assume that the fraction of the
emission at a single wavelength powered by young/old SPs is
equal to their relative contribution to the single grain bolometric
emission. This is because one can assume that all photons heat
the grain simultaneously and the absorbed luminosity is simply
redistributed in the grain emission spectra4. For all these reasons,
one can use the following procedure for each single cell:

1) Calculate the monochromatic luminosity Lcell
λ (a, i) at

wavelength λ as well as the bolometric luminosity Lcell(a, i) for

4 Strictly speaking this statement is true only for grains in equilibrium with

the UV/optical radiation fields. For stochastically heated grains this is only

an approximation, which however gives rise to only minor deviations from

the predictions of our present analysis.

each grain of size a and grain species i, assuming the total RFED
value (including contributions from both young and old SPs);

2) Calculate the bolometric dust luminosity powered by young
stellar populations Lcell

young(a, i) for each grain size and species.
This can be calculated from the heating rate Hcell

young(a, i) derived
from the RFED from the young SP run:

Lcell
young(a, i) = Hcell

young(a, i) (6)

3) Calculate the fraction of bolometric single grain luminosity
powered by young SPs χyoung(a, i), which is given by:

χcell
young(a, i) =

Lcell
young(a, i)

Lcell(a, i)
(7)

4) Assuming that χcell
young(a, i) is equal to the fraction of heat-

ing by young SPs at all wavelengths of the single grain emission
spectra, one can then derive the single grain monochromatic emis-
sion luminosity powered by young SPs Lcell

λ,young(a, i) as:

Lcell
λ,young(a, i) = χcell

young(a, i)L
cell
λ (a, i) (8)

5) By integrating Lcell
λ,young over the grain size distribution and

summing over the different species, one obtains the total amount of
monochromatic dust luminosity powered by young SPs Γcell

λ,young:

Γcell
λ,young =

"
i

!
n(a, i)Lcell

λ,young(a, i)da (9)

where n(a, i) is the grain number density. By combining Γcell
λ,young

with the total value for the monochromatic dust emission luminos-
ity, one can derive the fraction of monochromatic dust emission
powered by young and old SPs.

4 APPLICATION TO A HIGH RESOLUTION
N-BODY+SPH GALAXY SIMULATION

In this section we describe the galaxy simulation used in this paper
and provide details on how the 3D grids of stellar emissivity and
dust opacity, input to the RT calculations, have been created. We
also describe the methods we used to analyse the simulated galaxy
maps, as well as the maps of the intrinsic distributions of stellar
emission, dust opacity and gas mass.

4.1 The N-body+SPH galaxy simulation

The N-body+SPH galaxy simulation we used is described in detail
by Cole et al. (2014) and references therein. Here we summarize
only a few of the main details of particular interest for this work.
The galaxy simulation models the formation and evolution of a disc
galaxy within a corona of hot gas embedded in a dark matter halo.
The simulation was run using the N-body+SPH code GASOLINE.
Subgrid prescriptions were used for the treatment of warm/hot gas
cooling, star formation and stellar feedback (following Stinson et
al. 2006, see Cole et al. 2014). Metal cooling has not been consid-
ered in this calculation. Metal enrichment of the gas particles is
calculated by assuming the yields of Woosley & Weaver (1995).
The adopted force softening parameter, setting the spatial resolu-
tion of the calculation, is 50 pc. We note that no stellar particle is
present at the beginning of the simulation but all stars are born out
of cooled gas whose density is high enough to trigger star forma-
tion. For the RT calculation, we considered the model after 10 Gyr
of evolution. At this epoch, Cole et al. (2014) show that the model
has a prominent nuclear disc while Ness et al. (2014) show that the
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considering only the emission from stellar populations with ages
younger or older than a threshold age tlim. In this way one can de-
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λ,young and Ucell
λ,old due to young

and old SPs to the total RFED in each cell (one contribution can be
derived directly from the new RT run and the other by subtraction
to the total RFED). From the values of Ucell

λ,young and Ucell
λ,old one can

then derive the luminosity coming from young and old SPs which
is absorbed in each cell:

Lcell,abs
young = cMcell

d
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kλ,absU

cell
λ,youngdλ (3)

and

Lcell,abs
old = cMcell

d

!
kλ,absU

cell
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where kλ,abs is the absorption coefficient per unit dust mass for the
adopted dust model and Mcell

d is the dust mass in the cell. Instead,
the total absorbed luminosity in each cell Lcell,abs

TOT is equal to the
sum of the above absorbed luminosities:

Lcell,abs
TOT = Lcell,abs

young + Lcell,abs
old (5)

Since dust simply re-emits all the luminosity that it absorbs, the to-
tal bolometric dust emission luminosity and the contributions pow-
ered by young and old SPs are equal to Lcell,abs

TOT , Lcell,abs
young and

Lcell,abs
old respectively. Therefore, one can use those quantities to

calculate the relative fractions of dust emission luminosity powered
by the two SPs for each cell as well as for the entire model.

While determining the amount of the dust bolometric lumi-
nosity powered by young and old SPs is quite straightforward, it
is rather more complex to determine their relative contributions
to the dust emission luminosity at single infrared wavelengths.
In contrast to the bolometric case, one cannot simply calculate
the amount of dust emission by considering Ucell

λ,young and Ucell
λ,old

separately and then sum the inferred dust emission spectra in order
to obtain the total dust emission. This is because the dust emission
spectra of each grain depends non linearly from the RFEDs and,
thus, it has to be calculated from the total RFED (given by the
sum of Ucell

λ,young and Ucell
λ,old). Also, when calculating the relative

fraction of monochromatic luminosity powered by young and old
SPs, it is necessary to consider the emission spectra from the single
grains. The reason is that young and old SPs emit predominantly
in different regions of the UV to near-IR wavelength range and, at
the same time, dust grains have wavelength dependent absorption
coefficients determined by their size and composition. Therefore,
different grains can be more or less efficient in absorbing radiation
from young or old SPs. Finally, when considering the emission
spectra of a single grain, one can assume that the fraction of the
emission at a single wavelength powered by young/old SPs is
equal to their relative contribution to the single grain bolometric
emission. This is because one can assume that all photons heat
the grain simultaneously and the absorbed luminosity is simply
redistributed in the grain emission spectra4. For all these reasons,
one can use the following procedure for each single cell:

1) Calculate the monochromatic luminosity Lcell
λ (a, i) at

wavelength λ as well as the bolometric luminosity Lcell(a, i) for

4 Strictly speaking this statement is true only for grains in equilibrium with

the UV/optical radiation fields. For stochastically heated grains this is only

an approximation, which however gives rise to only minor deviations from

the predictions of our present analysis.

each grain of size a and grain species i, assuming the total RFED
value (including contributions from both young and old SPs);

2) Calculate the bolometric dust luminosity powered by young
stellar populations Lcell

young(a, i) for each grain size and species.
This can be calculated from the heating rate Hcell

young(a, i) derived
from the RFED from the young SP run:

Lcell
young(a, i) = Hcell

young(a, i) (6)

3) Calculate the fraction of bolometric single grain luminosity
powered by young SPs χyoung(a, i), which is given by:

χcell
young(a, i) =

Lcell
young(a, i)

Lcell(a, i)
(7)

4) Assuming that χcell
young(a, i) is equal to the fraction of heat-

ing by young SPs at all wavelengths of the single grain emission
spectra, one can then derive the single grain monochromatic emis-
sion luminosity powered by young SPs Lcell

λ,young(a, i) as:

Lcell
λ,young(a, i) = χcell

young(a, i)L
cell
λ (a, i) (8)

5) By integrating Lcell
λ,young over the grain size distribution and

summing over the different species, one obtains the total amount of
monochromatic dust luminosity powered by young SPs Γcell

λ,young:

Γcell
λ,young =

"
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λ,young(a, i)da (9)

where n(a, i) is the grain number density. By combining Γcell
λ,young

with the total value for the monochromatic dust emission luminos-
ity, one can derive the fraction of monochromatic dust emission
powered by young and old SPs.

4 APPLICATION TO A HIGH RESOLUTION
N-BODY+SPH GALAXY SIMULATION

In this section we describe the galaxy simulation used in this paper
and provide details on how the 3D grids of stellar emissivity and
dust opacity, input to the RT calculations, have been created. We
also describe the methods we used to analyse the simulated galaxy
maps, as well as the maps of the intrinsic distributions of stellar
emission, dust opacity and gas mass.

4.1 The N-body+SPH galaxy simulation

The N-body+SPH galaxy simulation we used is described in detail
by Cole et al. (2014) and references therein. Here we summarize
only a few of the main details of particular interest for this work.
The galaxy simulation models the formation and evolution of a disc
galaxy within a corona of hot gas embedded in a dark matter halo.
The simulation was run using the N-body+SPH code GASOLINE.
Subgrid prescriptions were used for the treatment of warm/hot gas
cooling, star formation and stellar feedback (following Stinson et
al. 2006, see Cole et al. 2014). Metal cooling has not been consid-
ered in this calculation. Metal enrichment of the gas particles is
calculated by assuming the yields of Woosley & Weaver (1995).
The adopted force softening parameter, setting the spatial resolu-
tion of the calculation, is 50 pc. We note that no stellar particle is
present at the beginning of the simulation but all stars are born out
of cooled gas whose density is high enough to trigger star forma-
tion. For the RT calculation, we considered the model after 10 Gyr
of evolution. At this epoch, Cole et al. (2014) show that the model
has a prominent nuclear disc while Ness et al. (2014) show that the
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coefficients determined by their size and composition. Therefore,
different grains can be more or less efficient in absorbing radiation
from young or old SPs. Finally, when considering the emission
spectra of a single grain, one can assume that the fraction of the
emission at a single wavelength powered by young/old SPs is
equal to their relative contribution to the single grain bolometric
emission. This is because one can assume that all photons heat
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where n(a, i) is the grain number density. By combining Γcell
λ,young

with the total value for the monochromatic dust emission luminos-
ity, one can derive the fraction of monochromatic dust emission
powered by young and old SPs.
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In this section we describe the galaxy simulation used in this paper
and provide details on how the 3D grids of stellar emissivity and
dust opacity, input to the RT calculations, have been created. We
also describe the methods we used to analyse the simulated galaxy
maps, as well as the maps of the intrinsic distributions of stellar
emission, dust opacity and gas mass.

4.1 The N-body+SPH galaxy simulation

The N-body+SPH galaxy simulation we used is described in detail
by Cole et al. (2014) and references therein. Here we summarize
only a few of the main details of particular interest for this work.
The galaxy simulation models the formation and evolution of a disc
galaxy within a corona of hot gas embedded in a dark matter halo.
The simulation was run using the N-body+SPH code GASOLINE.
Subgrid prescriptions were used for the treatment of warm/hot gas
cooling, star formation and stellar feedback (following Stinson et
al. 2006, see Cole et al. 2014). Metal cooling has not been consid-
ered in this calculation. Metal enrichment of the gas particles is
calculated by assuming the yields of Woosley & Weaver (1995).
The adopted force softening parameter, setting the spatial resolu-
tion of the calculation, is 50 pc. We note that no stellar particle is
present at the beginning of the simulation but all stars are born out
of cooled gas whose density is high enough to trigger star forma-
tion. For the RT calculation, we considered the model after 10 Gyr
of evolution. At this epoch, Cole et al. (2014) show that the model
has a prominent nuclear disc while Ness et al. (2014) show that the
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