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Abstract

Physical models for interstellar dust are presented for NGC 0628 and NGC 6946, two quite different galaxies observed by the IRAC and MIPS cameras on
Spitzer Space Telescope, and the PACS and SPIRE cameras on Herschel Space Observatory. With wavelength coverage from 3.6µm to 500µm the dust
models are strongly constrained. For each pixel in each galaxy we estimate (1) the surface density of dust, (2) the fraction of the dust mass contributed by
PAHs, and (3) the distribution of intensities of starlight heating the dust grains, and (4) the IR luminosity originating in regions with high starlight intensity. We
obtain total dust masses for each galaxy. The overall dust/H mass ratio in each galaxy is 0.010, consistent with what is expected based on the near-solar
metallicities.

Dust Model

The present study makes use of combined imag-
ing by Spitzer Space Telescope and Herschel
Space Observatory, covering wavelengths from
3.6 to 500, to produce well-resolved maps of the
dust in nearby galaxies. The present study is fo-
cused on two galaxies, NGC 628 and NGC 6946,
as examples to illustrate the methodology. Fu-
ture work will extend this to all 61 galaxies in the
KINGFISH sample.
The natural PSFs to use are those of the
PACS160µm , SPIRE250µm , SPIRE350µm ,
SPIRE500µm , and MIPS160µm cameras, as
well as Gaussian PSFs with FWHM in the range
12 - 50. For a given outgoing PSF, only a sub-
set of cameras may be transformed into it safely
(i.e, those cameras with FWHM smaller than the
outgoing PSF), and we proceed to investigate
the most reasonable compatible camera combi-
nations, considering the tradeoff between: (1)
angular resolution and (2) availability of long-
wavelength data to constrain the dust models.
We employ the dust model of Draine et al. (2007)
using “Milky Way” size distributions that repro-
duce the wavelength-dependent extinction in dif-
fuse regions within a few kpc of the Sun.
For each pixel j, we find the model of dust and
starlight that best reproduces the observed SED,
within the modeling scheme described by Draine
et al. (2007).
The starlight heating intensities in pixel j are
characterized by four parameters: γj , Umin,j ,
Umax, and αj , where the dust mass dMd heated
by starlight intensities in (U,U + dU) is

(
dMd

dU

)

j

= (1− γj)Md,jδ(U − Umin,j)

+γjMd,j
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U
1−αj

min,j − U
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max

for Umin,j ≤ U ≤ Umax.

Thus a fraction (1− γj) of the dust mass in pixel
j is assumed to be heated by starlight with in-
tensity U = Umin,j , with the remaining fraction γj
exposed to a distribution of starlight intensities
between Umin,j and Umax.
The limits on adjustable parameters are:
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model parameter vector !j = {!!, Md, qPAH, ", Umin}j that minimizes
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, (10)

where %#k ,j is the 1-% uncertainty in the measured flux density for pixel j at wavelength $k

(see appendix D for a detailed description). The term [0.1F"(model, $k)]
2 in the denominator

of Equation (10) allows for uncertainties in the model itself – we would not expect perfect

agreement even if the observations themselves were perfectly accurate. Inclusion of this ad-

hoc term guards against giving excessive weight to data points which happen to have very

small fractional uncertainties %k/F ($k).

The limits on adjustable parameters are given in Table 2. The allowed range for Umin

is determined by the wavelength coverage of the data used in the fit. For the SINGS galaxy

sample, it was found that if the photometry extends to $max = 160µm, models with Umin #
0.6 are well-constrained. However, if longer wavelength data are available, we allow the

possibility of cooler dust, heated by starlight intensities U < 0.6, down to Umin = 0.06 if

$max = 250µm, and down to Umin = 0.01 if $max # 350µm.

The above procedure yields “best-fit” estimates for the dust model parameter vector

!j = {!!, Md, qPAH, ", Umin}j for each pixel j.

To estimate uncertainties in the derived dust parameters, we simulate data by adding

random noise &Fj($k)A, A = 1, 2, 3, ..., Nr to the observed flux Fj($k) in each band, and

fit the simulated noisy data. In Appendix D we describe the statistical construction of the

sample Fj($k)A of Nr random realizations.

Table 2: Allowed Ranges for Model Parameters
Parameter min max comments

!! 0 $ nonnegative

Md 0 $ nonnegative

qPAH 0.00 0.10 in steps "qPAH = 0.001

" 0.0 1.00 nonnegative

Umin 0.7 30 when $max = 160µm

0.07 30 when $max = 250µm

0.01 30 when $max = 350µm

0.01 30 when $max # 500µm

Umax 106 106 (not adjusted)

' 2.0 2.0 (not adjusted)

NGC0628
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Fig. 1.— NGC 0628 at the resolution of PACS160 (left), SPIRE250 (center), and MIPS160 (right). Top
row: surface density of H I and H2 for XCO,20 = 4 (see text). Second row: dust surface density !Md

. Third
row: dust luminosity surface density !Ld

. Bottom row: PDR luminosity surface density !LPDR
.
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Fig. 2.— NGC 0628 at the resolution of PACS160 (left), SPIRE250 (center), and MIPS160 (right). Top
row: dust/gas ratio for XCO,20 = 4. Second row: PAH abundance parameter qPAH. Third row: di!use
starlight intensity parameter Umin.

best value for the Local Group Blitz et al. (2007) and for the SINGS galaxies Draine et al.

(2007). When XCO,20 = 4 is used to estimate the gas mass, the uniformity of the dust/gas

ratio in the MIPS160 resolution image is quite striking. [G.A. note: add comment on qPAH?]

At PACS160 resolution, Umin varies between !0.6 and !3 over most of the NGC0628, but
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near the edges of the galaxy mask it is clear that the reduced signal/noise results in some

high values of Umin for some pixels. This is probably the result of low PACS160 fluxes for

those pixels, making it appear that the dust is rather hot. We see that when SPIRE250 data

is introduced, we have many fewer high values of Umin near the edge of the galaxy mask,

and the Umin values in the brighter regions appear well-behaved. This continues when the

SPIRE500 data are brought into the fit in the MIPS160 resolution.

PACS 160µm PSF SPIRE 250µm PSF MIPS160µm PSF

Fig. 3.— NGC 628. Top row: model/observation at ! = 250µm. In panel a, the multipixel model has
been convolved with the SPIRE 250µm PSF. Bottom row: model/observation at ! = 500µm. In panels d
and e, the multipixel model has been convolved with the SPIRE 500µm PSF.

Figure ?? shows the ratios of model-predicted intensity to real intensity at ! = 250µm

and ! = 500µm for dust models obtained by fitting photometry with PACS160µm, SPIRE250µmand

MIPS160µmresolution. In order to make the comparison, we degrade the image or the model

predicted image to a common resolution (i.e. when the modeling is done at PACS160 resolu-

tion, we convolve the model predicted SPIRE250 flux to the SPIRE250 PSF, and when the

modeling is done at MIPS160 resolution, we convolve the SPIRE250 flux to the MIPS160

PSF). The modeling tend to over predict the SPIRE500µmphotometry, indicating absence
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Fig. 4.— Model SEDs for NGC 628. Colored rectangles: cameras photometry. Colored diamonds: Model
convolved with camera response function. Top row: Global SED compared with sum over multipixel models.
Second row: Global SED, compared to single-pixel model. Third row: SED for Aperture 1. Fourth row:
SED for Aperture X. In the left column, SPIRE data are not used in the fit. In the center column, only
SPIRE data used is SPIRE250. In the right column, all SPIRE data are used to constrain the model.

NGC6946
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Fig. 5.— NGC 6946 at the resolution of PACS160 (left), SPIRE250 (center), and MIPS160 (right). Top
row: surface density of H I and H2 for XCO,20 = 3 (see text). Second row: dust surface density !Md

. Third
row: dust luminosity surface density !Ld

. Bottom row: PDR luminosity surface density !LPDR
.
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Fig. 6.— NGC 6946 at the resolution of PACS160 (left), SPIRE250 (center column), and MIPS160 (right).
Top row: dust/gas ratio for XCO,20 = 3. Second row: PAH abundance parameter qPAH. Third row: di!use
starlight intensity parameter Umin.
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Fig. 7.— NGC 6946. Top row: model/observation at ! = 250µm. In panel a, the multipixel model has
been convolved with the SPIRE 250µm PSF. Bottom row: model/observation at ! = 500µm. In panels d
and e, the multipixel model has been convolved with the SPIRE 500µm PSF, in panel f the SPIRE 500µm
observations has been convolved to the MIPS160µm PSF.
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Fig. 8.— As in Fig. ?? but for NGC 6946. Even when SPIRE data are employed, the model tends to
overpredict the global photometry at 500µm.
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