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ABSTRACT

We present the first Herschel PACS and SPIRE images of the low-metallicity galaxy NGC 6822 observed from 70 to 500 um and clearly resolve
the H 11 regions with PACS and SPIRE. We find that the ratio 250/500 is dependent on the 24 um surface brightness in NGC 6822, which would
locally link the heating processes of the coldest phases of dust in the ISM to the star formation activity. We model the SEDs of some regions H 11
regions and less active regions across the galaxy and find that the SEDs of H 11 regions show warmer ranges of dust temperatures. We derive very
high dust masses when graphite is used in our model to describe carbon dust. Using amorphous carbon, instead, requires less dust mass to account
for submm emission due to its lower emissivity properties. This indicates that SED models including Herschel constraints may require different

dust properties than commonly used. The global G/D of NGC 6822 is finally estimated to be 186, using amorphous carbon.
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1. Introduction

The absorption of stellar radiation and its reemission by dust at
infrared (IR) wavelengths is a fundamental process controlling
the heating and cooling of the interstellar medium (ISM). The
IRAS, ISO and Spitzer IR space telescopes launched the stud-
ies of the physics and chemistry of dust and gas, revealing their
roles in the matter cycle and thermal balance in galaxies. The
mid-infrared (MIR) to far-infrared (FIR) wavelength windows
provide the necessary observational constraints on the spectral
energy distribution (SED) modelling of galaxies from which
properties of the polycyclic aromatic hydrocarbons (PAHs) and
the warm (>30 K) and hot dust can be determined. Now, the
Herschel Space Observatory (Pilbratt et al. 2010) is probing the
submillimeter regime, where the coldest phases (<30 K) of dust
can be revealed.

Dwarf galaxies of the Local Group are nearby laboratories
to spatially study the life cycle of the different dust components
and the metal enrichment of low-metallicity ISM. NGC 6822 is
our closest (490 kpc, Mateo 1998) metal-poor galaxy neighbour
(~30% Z) beyond the Magellanic Clouds and possesses iso-
lated star forming (SF) regions at different evolutionary stages.

* Herschel is an ESA space observatory with science instruments
provided by Principal Investigator consortia. It is open for proposals
for observing time from the worldwide astronomical community.

** Figure 5 is only available in electronic form at
http://www.aanda.org.

Article published by EDP Sciences

The galaxy is a perfect candidate to study the feedback of the
star formation on the low-metallicity ISM by analysing the spa-
tial variations of its SEDs. NGC 6822 also possesses an intrigu-
ing rotating H T disk of 1.34 x 10% M, that extends far beyond
the optical disk (Mateo 1998) and has one of the largest HI holes
ever observed in a dwarf galaxy (de Blok & Walter 2000).

NGC 6822 was observed in 2009 October as part of the sci-
ence demonstration observations for the Dwarf Galaxy Survey
(PI: S. Madden), with the instruments PACS and SPIRE at 70,
100, 160 and 250, 350 and 500 um respectively. At SPIRE
500 um (36”), we can resolve ISM structures of ~85 pc, spatially
sufficient to accurately probe the distribution of dust temperature
throughout the galaxy, especially dust in its coldest phases.

2. Observations and data reduction

PACS (Poglitsch et al. 2010) observations were performed in
cross scan map mode at 70, 100 and 160 um. The observations
cover aregion of 18" x 18’ around the starforming complexes of
the galaxy also mapped with Spitzer (Cannon et al. 2006). Data
reduction was carried out using a modified Herschel interactive
processing environment (HIPE) 3.0 pipeline, starting from the
level 0 data and produced maps with pixel sizes of 3.2, 3.2 and
6.4” at 70, 100 and 160 um with PSF FWHM values of 5.2, 7.7
and 12" respectively. HIPE is used to suppress the bad pixels and
those affected by saturation and convert the signal to Jy pixel™!.
We perfom flatfield correction and apply astrometry to the data
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Fig.1. NGC 6822 Herschel/Spitzer 3-color image. North is up, East
is left. Blue: stellar emission observed with Spitzer/IRAC 3.6 um.
Yellow: warm dust emission with Herschel/PACS 100 um. Red: cold
dust emission with Herschel/SPIRE 250 yum. H 1 contours at 3.1, 7.8
and 13 x 10 Hem™2 are overlaid (de Blok & Walter 2000). The two
bright compact IR knots in the North are Hubble X (east) and Hubble V
(west).

cube. We then apply a multiresolution median transform (MMT)
deglitching correction and a second order deglitching process to
the data. We perform polynomial fits on half scan legs to sub-
tract the baselines. The galaxy was masked in the data cube dur-
ing this step to avoid an overestimation of the signal level on the
source. The median baseline subtraction step suppresses most of
the bolometer temperature drifts. We generate the final maps us-
ing the madmap method of HIPE. The absolute flux calibration
uncertainties are estimated to be +10%.

SPIRE (Griffin et al. 2010) observations, at 250, 350 and
500 um, cover a region of 26" X 26’. Data have been reprocessed
from the level 1 cube following the steps described in Pohlen
et al. (2010) and Bendo et al. (2010). The overall absolute cali-
bration accuracy is estimated to be +15% (Swinyard et al. 2010).
The pipeline produces maps with a pixel size of 6", 10" and 14"
at 250, 350 and 500 um with PSF FWHM values of 18”7, 25"
and 36" respectively. The SPIRE ICC has released preliminary
multiplying factors to correct for extended sources: 1.02, 1.05
and 0.94 at 250, 350 and 500 ,uml.

3. Analysis
3.1. Herschel maps

Figure 1 is a color composition (size of the SPIRE maps) show-
ing how stars, dust and H 1 gas (in contours) are distributed in
the galaxy. IRAC 3.6 ym band (blue) mostly traces the stel-
lar emission while PACS 100 um (green) traces the warm dust.
SPIRE 250 um (red) traces the cold dust phases. We find that
the bright H 1 regions are resolved at all Herschel wavelengths.
The brightest IR/submm SF regions all coincide with H I peaks.
While H I extends 30’ to the NW and SE of the galaxy, the big
H 1 hole is devoid of dust emission. The star formation history
of NGC 6822 began 12—-15 Gyr ago and has been quiescent until
about 0.6—1 Gyr ago (Gallart et al. 1996; Wyder 2001). Bianchi
et al. (2001) found very young stellar populations (<10 Myr) in
the star-forming regions Hubble V and X. These regions are also

' As advised by the ICC for SD papers, see http://
herschel.esac.esa.int/SDP_wkshops/presentations/IR/
3_Griffin_SPIRE_SDP2009.pdf
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Fig.2. PACS 70 um (left) and 160 um (right) observations of bright
star-forming regions of NGC 6822. These regions are numbered 3, 7,
8 (Hubble V), 11 and 14 (Hubble X) in Fig. 3a and in this paper. The
FWHM of Spitzer/MIPS 70 and 160 um PSFs (black striped circles) and
those of PACS 70 and 160 um (red circles) are overlaid for comparison.

the brightest structures of the FIR and submm emission (see the
two brightest knots in the North of NGC 6822 in Fig. 1).

PACS 70 and 160 um observations of the 5 brightest star-
forming regions of NGC 6822 are shown in Fig. 2. These regions
are respectively numbered 3, 7, 8, 11 and 14 in Fig. 3a. The in-
crease in spatial resolution from MIPS (Cannon et al. 2006) to
PACS (see the respective FWHM PSFs in Fig. 2) now enables us
to nicely separate the different substructures of the star-forming
regions 3 and 11 (see online material for complete images) but
also shows faint emission across the galaxy that was detected but
not resolved with MIPS. To compare MIPS and PACS fluxes at
70 and 160 um for these H 11 regions, we convolve the images
to the lowest (FWHM MIPS 160 um: 40”) resolution (Bendo
et al. 2010) and extract flux densities using the function aper of
IDL in apertures of 57” radius (~135 pc). We find that, for the
bright star-forming regions of NGC 6822, MIPS and PACS flux


http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201014604&pdf_id=1
http:// herschel.esac.esa.int/SDP_wkshops/presentations/IR/3_Griffin_SPIRE_SDP2009.pdf
http:// herschel.esac.esa.int/SDP_wkshops/presentations/IR/3_Griffin_SPIRE_SDP2009.pdf
http:// herschel.esac.esa.int/SDP_wkshops/presentations/IR/3_Griffin_SPIRE_SDP2009.pdf
http://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/201014604&pdf_id=2

M. Galametz et al: NGC 6822 revealed by the Herschel space observatory

-14° 55'

SPIRE 250 pm
| -15° 00’

-15° 00'L_1 L
44™ 30° b) 197 45™ 708

a) 190 45™ 308 00%

8

5 2.0 ] ./,
® 45 1 .
c  IER
3 0. 14
45 T
3 . T
>~ 35 ’
o
&

9:0

2817 4% Ces i

107® 107° 107*
44T 30 c) 24 um Surface brightness (Jy/arcsec?)

Fig. 3. a) NGC 6822 observed at 250 um. Circles indicate our photometric apertures (57" radius). b) 250/500 um flux density ratio map of
NGC 6822. ¢) F,(250)/F,(500) ratio as a function of the 24 yum surface brightness. Ratios are estimated in the apertures of Fig. 3a (squares) and
pixel-by-pixel (grey circles). In this second case, pixels are chosen to have the size of the FWHM of SPIRE 500 um. Red squares indicate the
brightest H II regions. Since the uncertainties in the SPIRE fluxes are preliminary, we give an indication of the error bars on the upper left corner.

densities compare within +25% at 70 and 160 um but 33% for
Hubble V at 70 um. The SPIRE maps also resolve the struc-
tures detected with PACS. We find that the diffuse emission of
NGC 6822 is strongly affected by non homogeneous Galactic
cirrus emission due to the low Galactic latitude of NGC 6822
(low level diffuse emission in Fig. 3a). We model the cirrus emis-
sion in each map as a plane after first masking the emission that
we associate with the galaxy. We then remove the modeled cir-
rus emission from each SPIRE map for the analysis. The cirrus
contamination is estimated to be less than 10% of the flux densi-
ties of the star-forming regions at 250 and 350 um . It is less than
15% and 25% on the less active regions respectively at 250 ym
and 350 ym. The contamination is finally estimated to be ~25%
on the bright regions at 500 um but can be as high as ~50% of
the emission in the lowest level of the diffuse ISM. Our quanti-
tative results concern relatively bright regions. Thus, taking into
account the various uncertainties, we attribute an overall conser-
vative estimate of ~30% for all SPIRE bands. We note that our
results are strongly dependant on the SPIRE fluxes, more pre-
cisely on our treatment of cirrus emission that could have been
underestimated if some of this emission is more significant along
some lines of sight.

3.2. SPIRE band ratios

We convolve the 250 um map to the resolution of SPIRE 500 um
(36”) and build a 250/500 flux density ratio map (Fig. 3b) to
study the evolution of the submm regime of the SEDs. The
ratio peaks in the H 1I regions (Hubble V showing the high-
est ratio). This ratio map highlights the evolution of the dust
temperature distribution across the galaxy: warmer toward the
H 11 regions and decreasing in the diffuse extended dust com-
ponent between the H 1II regions. To understand the processes
contributing to the heating of dust, we examine how the submm
part of the SED evolves with star formation. We select indi-
vidual regions and estimate the SPIRE 250 and 500 ym flux
densities of these regions in apertures of 57” radius (Fig. 3a),
corresponding to regions studied in Cannon et al. (2006). In
Fig. 3c, we plot the 250/500 flux density ratio of the selected
regions (squares) as a function of their 24 yum surface bright-
ness. The same 250/500 ratios performed on a pixel-by-pixel®
basis throughout the whole map are overlaid (grey circles). The
24 pum flux is commonly used as a tracer of star formation (e.g.
Calzetti 2007). The 250/500 ratios seem to correlate with the

2 The pixel size of the maps was chosen to equal the FWHM of SPIRE
500 um (36”).

24 um surface brightness across NGC 6822, which could imply
that the cold dust temperature distribution varies with the star
formation activity of the region, with higher temperature dust
present where star formation activity dominates (Boselli et al.
2010). Bendo et al. (2010) find that the SPIRE band ratios in
M8 depend on radius, and that the old stellar population of the
bulge and disk could be the primary source for the dust emission
seen by SPIRE. Their submm ratios do not show any strong cor-
relation with 24 um surface brightness. This effect suggests that
the dust heating processes in low metallicity starbursts may dif-
fer from normal dusty spirals. The ISM of dwarfs is, indeed, less
opaque than spirals, with dense SF regions usually influencing
the whole galaxy. These galaxies also tend to have a preponder-
ance of younger stellar population and less evolved stars, and
thus very different star formation histories.

3.3. SEDs

To study the variations of the local SEDs, we select two H 1T re-
gions (Hubble V and X, numbered 8 and 14 in Fig. 3a) and three
less active regions (Reg. 6, 9 and 13). We suspect the median
baseline filtering of the PACS reduction to remove some of the
diffuse emission. PACS fluxes are thus not used in the modelling
of the total SED and less active regions. Spitzer observations
(SINGS 5th release, Kennicutt et al. 2003) complete the cover-
age. We convolve the images to MIPS 160 um resolution (40”)
and estimate the flux densities within 57" radius apertures.

We use a realistic SED model which follows the approach
of the Dale et al. (2001) and Draine & Li (2007) models, and
use the dust composition and size distribution of Zubko et al.
(2004). The interstellar radiation field is assumed to have the
shape of the Galactic diffuse ISM of Mathis et al. (1983). The
dust mass exposed to a given heating intensity U is given by:
dMgyus(U) o« U*dU with Uy < U < Upax (Dale et al. 2001).
« parametrises the contribution of the different local SEDs ex-
posed to U. Details on the modelling can be found in Galametz
et al. (2009). Serra Diaz-Cano & Jones (2008) study carbon dust
in shock waves and warn about using graphites in dust models.
To study how this choice affects our dust masses, we test both
graphites and amorphous carbons (Rouleau & Martin 1991) to
describe the interstellar carbon dust. Figure 4 presents the global
SED of NGC 6822 along with the individual SEDs of the 5 se-
lected regions obtained with amorphous carbons. No submm
excess seems to be detected in NGC 6822, contrary to other
dwarf galaxies observed with Herschel (O’Halloran et al. 2010;
Grossi et al. 2010). We find that the SEDs of H 11 regions have
warmer dust temperatures than less active regions. The total SED
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Fig. 4. Total SED of NGC 6822 and SEDs of individual regions among
which bright H 1T regions (Region 8 and 14) and less active re-
gions (Regions 6, 9 and 13). Our SED models are plotted in black.
Observational constraints are overlaid in red circles. The orange and
green lines distinguish the stellar and the dust contribution. The 30%
uncertainties are conservatively estimated for the SPIRE bands.

Table 1. General properties.

Id My Mausi 6 Mur/Mausi v Mawst ac® Mur/Maust ac
[10° Mo] [10° Mo] [10* Mo]

8 7.6 22.2fg 34 7.8f§ 97

14 9.1 23.0f§ 39 10.22‘l 89

6 5.8 14.1:‘2 41 5.33 109

o 77 2217 34 8.5%3 91

13 78 12979 60 474 166
Total 5000 6127105 80 269143 186

-182 145

Notes. @ Dust mass derived using graphite (Gr) or amorphous carbon
(AC). ® H 1 mass corresponding to the region mapped with Herschel.

of NGC 6822 does not show a high 24/70 ratio, indicating that it
may not be dominated by the IR emission of bright H 1I regions.
The dust masses derived using graphites are 2.2 to 2.8 times
higher than those using amorphous carbons (Table 1), due to
their lower emissivity at submm wavelengh.

To estimate the gas-to-dust mass ratios (G/D), we derive the
H 1 mass of our regions from the integrated map of de Blok &
Walter (2000). We also estimate the H T mass corresponding to
the region mapped with Herschel to be ~5 x 107 M. Gratier
et al. (2010) found that H, derived from CO observations should
not represent more than 107 M. Faint emission lines from
warm H, are observed in Hubble V (Hunter & Kaufman 2007).
Cannon et al. (2006) note that the major H 1 regions correspond
to the strongest Ha sources of the galaxy. From their Ha fluxes,
we derive an Ha mass inferior to 10° M, in the H II regions
(Storey & Hummer 1995, assuming 7 = 10* K and N, = 100).
H 1 thus dominates the gas mass in NGC 6822. The Galliano
et al. (2008) models predicts G/D of ~500 for galaxies present-
ing the metallicity of NGC 6822. We find low G/D (Table 1) for
the individual regions compared to what can be expected from

chemical evolution models, especially when graphite grains are
used in the modelling. Amorphous carbon results in a flatter
submm slope compared to graphite and thus requires less mass
to produce the same emission. These results are consistent with
those found by Meixner et al. (2010) in the Large Magellanic
Cloud. The total dust mass of the central region mapped with
Herschel is 2.7 x 10° M, using amorphous carbon dust, leading
to a total G/D of 186.

4. Conclusions

We present Herschel images of NGC 6822 which resolve ISM
structures up to 500 um. We find that the 250/500 ratio (tracing
the cold dust temperature range) may be dependent on the 24 um
surface brightness and thus trace the SF activity. We model in-
dividual SEDs across NGC 6822 and show that the SED shape
is evolving from H 11 regions to less active regions, with H 1T re-
gions having a warmer dust temperature range. We derive very
high dust masses using graphite to describe carbon dust and find
that the use of amorphous carbon decreases the dust masses, in-
dicating that SED models including Herschel constraints require
different dust properties, namely more emissive grains.
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Fig. 5. NGC 6822 observed by Spitzer/MIPS and Herschel/PACS and SPIRE. Fluxes are in MJy/sr.
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