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Chapter2
Infrared Dark Clouds in the Inner Galaxy

A general overview

W. W. F. Frieswijk

ABSTRACT

I NFRARED DARK CLOUDS (IRDCs) are presently believed to be the progenitors
of massive stars and stellar clusters. In this chapter I briefly summarise the
current knowledge that we have on these objects. I refer to several studies

that are available in the literature. This overview is by no means complete. The
research into the early stages of clustered star formation constitutes an active topic
within astronomy which makes it difficult to be up-to-date.

I start with the discovery of IRDCs in the mid-90s by the MSX and ISOGAL projects
and give an overview of the global physical properties that are observed. Thereafter,
I describe some of the more recent results of detailed studies that have been con-
ducted, mostly on individual objects or small samples. These studies have pointed
out the relation between IRDCs and star formation. At the end of this chapter I dis-
cuss the IRDCs in a Galactic context and introduce the search for IRDCs in the Outer
Galaxy; the main subject of this dissertation.
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2.1 The discovery of Infrared Dark Clouds
Two independent surveys, both active in the mid-1990s, revealed a previously un-
known class of objects that was given the name Infrared Dark Clouds (IRDCs), i.e.,
the Midcourse Space Experiment (MSX, Egan et al. 1998; Price 1995) and the Inner
Galactic Plane survey carried out with the Infrared Space Observatory Camera (ISO-
CAM, Pérault et al. 1996). Both surveys identified many dark silhouettes against
the bright mid-IR (8–15 μm) emission emerging from small and hot dust particles
present in the Galactic Plane. The idea that these dark features constitute real ob-
jects, rather than being ‘holes’ in the Galactic Plane, suggests the presence of large
column densities of material (NH2 � 1023 cm−2) in order to explain the extinction at
mid-IR wavelengths (an AV � 50 mag is no exception, e.g., Hennebelle et al. 2001;
Egan et al. 1998).

2.1.1 Initial results

Early investigations reported lower limit estimates on the distance to some of the
larger objects of 2 kpc. This was derived by looking at spectroscopic parallaxes of
foreground stars (Egan et al. 1998). Observations of millimetre transitions of H2CO
lines indicated the presence of dense material toward 11 clouds and resulted in simi-
lar kinematic distance estimates, i.e., between 2 and 6 kpc (Carey et al. 1998). At these
large distances, the diameters of IRDCs are of the order of 1 to 10 pc. Large velocity
gradient (LVG) models of the H2CO lines suggested molecular hydrogen densities
in excess of 105 cm−3 (Egan et al. 1998).

Despite the presence of large column- and volume densities, follow-up observa-
tions of the 13CO and C18O emission were reported to be surprisingly weak (Teyssier
et al. 2002). The interpretation that was given is, that a large fraction of the molecules
is depleted onto cold dust grains. The temperature in IRDCs is indeed low. This was
already suggested by the lack of emission at 100 micron (Egan et al. 1998). Temper-
atures above 13 K should have detectable emission at 100 micron in IRAS images,
according to Clark et al. (1991). Excitation analysis of sub-millimetre lines and SED
models of sub-millimetre continuum emission, e.g., Teyssier et al. (2002); Carey et al.
(1998) resulted in kinetic temperatures for most observed IRDCs below 20 K.

Distance > 1 kpc
Size 1–10 pc
Mass a few 100 – a few 1000 M�

Temperature < 25 K
Volume density > 104 cm−3

Column density >1023–1025 cm−2

Table 2.1: Overview of the typical characteristics of IRDCs. Based on these global
properties, IRDCs were initially suggested to represent the earliest, cold stages of
clustered star formation. Recent studies have revealed that several IRDCs are asso-
ciated with active star formation (see Section 2.2).
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Table 2.1 presents a general overview of the physical properties of IRDCs. Even
though IRDCs possess a large range of properties they do constitute a specific group
of objects in our Galaxy. They show different properties compared to, e.g., molecular
clouds, cloud cores and isolated dark clouds (compare also Table 1.1, Chapter 1).
Most noticeably, their mass and size are comparable to values found for molecular
clumps whereas the densities are similar to values found for star forming cores.

2.1.2 Galactic distribution

Many thousands of dark features were identified in the mid-IR images of both MSX
and ISOCAM. Only recently, a systematic extraction was performed on the MSX
survey. This resulted in a catalogue of over 10 000 objects (Simon et al. 2006a) which
reports the position, size, orientation and some contrast properties derived from the
8 micron observations. Not surprisingly, the spatial distribution of IRDCs follows
the diffuse mid-IR background of the Galactic Plane. In particular, an increase of the
number of objects is observed toward bright star-forming regions, spiral arms and
the Galactic molecular ring.

2.2 IRDCs and star formation
After the discovery of IRDCs, Egan et al. (1998) suggested that they likely represent
a cold and quiescent class of massive molecular clumps. Indeed, at that point there
was no direct evidence for any presence of star forming activity.

However, a continually increasing amount of studies shows that many IRDCs
are definitely associated with star formation, e.g., Wang et al. (2008); Beuther &
Steinacker (2007); Rathborne et al. (2007). In Sections 2.2.1 and 2.2.2 below, I briefly
discuss two distinct observational directions, i.e., using sub-millimetre data and in-
frared data, and I include some additional references. These studies, amongst many
others, have resulted in the current idea that IRDCs represent the earliest stages of
clustered star formation. In the literature there is many more data available. For
an overview of the latest developments I encourage the interested reader to have a
look at recent conference proceedings, e.g., ‘Massive Star Formation: Observations
confront Theory’ (Heidelberg 2007).

2.2.1 Sub-millimetre continuum observations

Because of their large column densities and low temperatures, IRDCs are particu-
larly bright at (sub-)millimetre wavelengths due to cold dust emission. Moreover,
many IRDCs that have been observed in the radio continuum show the presence of
one or multiple centrally peaked (sub-)millimetre cores (e.g., Carey et al. 2000; Red-
man et al. 2003). A typical example of the dust emission toward IRDCs is given
in Figure 2.1 which displays the 450 micron emission toward IRDC DF3103, ob-
served with the SCUBA bolometer array on the James Clerk Maxwell Telescope. The
data are part of a larger set of IRDCs that have been mapped in the sub-millimetre
wavelength regime, both in continuum and in lines (CO, C18O, Frieswijk et al. in
progress).
Rathborne et al. (2005) investigate the bolometric luminosities toward a number of
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Figure 2.1: SCUBA 450 μm emission toward IRDC DF3103 illustrates the presence of
multiple bright sub-mm cores in IRDCs. This object is studied in detail by Teyssier
et al. (2002).

sub-millimetre cores in the IRDC labelled MSXDC G034.43+00.24, located at a kine-
matic distance of 3.7 kpc. The high luminosities (� 10,000 L�), derived by fitting the
spectral energy distribution from mid-IR to millimetre wavelengths, suggest that
the cores contain massive proto-stellar objects. The same study shows observations
of strong, broad SiO emission toward the sub-millimetre cores. Because SiO pref-
erentially forms in shocks, this detection supports the suggestion of a presence of
(massive) star forming activity.
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In another study, Ormel et al. (2005) investigate the sub-millimetre emission of
the IRDC labelled G48, located at a kinematic distance of 2.7 kpc in the foreground
of the W51 complex (see also Figure 2.2). With a self-consistent model of the dust
emission, they derive core luminosities of a few 100 L�. While they do not claim
to have identified the source of the luminosity, these values correspond to a lumi-
nosity of intermediate mass stars (B5–B8). Additionally, their models show that the
envelope mass is of the order of 100 M�.

2.2.2 Mid-infrared Spitzer observations

The unprecedented sensitivity and spatial resolution of the instruments on board
the Spitzer Space Telescope supersede the earlier observations of MSX and ISO, es-
pecially when IRDCs are concerned. I want to present one example of Spitzer ob-
servations taken with the Infrared Camera Array (IRAC) to give an example of how
IRDC are observed at mid-IR wavelengths. Figure 2.2 displays a false-colour com-
posite image of IRDC G48. The dark silhouette is very sharply defined at 5.8 μm
(yellow) and 8 μm (red). An ongoing investigation into the details of these obser-
vations, combined with data from the Multiband Imaging Photometer on Spitzer is
ongoing (van der Wiel & Shipman 2008). Preliminary analysis show that many ob-
jects that are spatially correlated with the dark filaments have mid-IR colours typical
for Young Stellar Objects.

Figure 2.2: This figure shows a false-colour image of the region toward IRDC G48.
The bright emission is coming from the W51 complex in the background, at about
twice the distance of the IRDC. The displayed emission is from the four IRAC chan-
nels, i.e., 3.6 μm (blue), 4.5 μm (green), 5.8 μm (yellow) and 8 μm (red).
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2.3 IRDCs in a Galactic context
Infrared Dark Clouds may play a key role in star formation in the Galaxy. The gen-
eral picture that arises from detailed studies on a handful of objects suggests that
IRDCs are in a very early stage of clustered star formation. That is, they constitute
the filamentary structures and massive dense clumps in molecular clouds, described
as the first stage of massive star formation in Chapter 1, Section 1.1.4. However, the
more evolved stages such as cold collapsing cores, hot cores and HII-regions may
well be associated with some IRDCs as well.

In that respect, IRDCs may not be too different from probably the best-studied
(massive) star forming region in our Galaxy, the Orion Molecular Cloud (OMCI).
The OMCI is not observed in mid-IR absorption because it is located outside of the
Galactic Plane, where there is no bright background. The filamentary dust contin-
uum emission observed toward the OMCI, however, is strikingly similar to what is
seen for many IRDCs, both in structure and dimension (Menten et al. 2005). A no-
ticeable difference, though, is the presence of the very active high-mass star forming
region BN/KL in Orion, coinciding with the location of the maximum dust emission.
Up to now, such evolved stages of massive star formation have not been observed in
IRDCs and concur that they are at an even younger stage of clustered star formation.

Given the fact that IRDCs appear to be ubiquitously present, at least in the Inner
Galaxy, it may well be that most of the stars in our Galaxy originated in massive
cluster forming clouds. An essential step forward in testing such an idea is to get a
complete picture of the distribution of massive dark clouds throughout the Galaxy.

2.3.1 IRDCs and the Outer Galaxy

The spatial distribution of IRDCs, as described in Section 2.1.2, is clearly biased
by the fact that identification through mid-IR absorption requires a bright mid-IR
background. Because the diffuse emission in the Outer Galaxy is much weaker,
IRDCs have not been identified by the traditional method beyond the Solar circle
(∼ 8.5 kpc). It is well-known that the more evolved, active stages of clustered star
formation are present in the Outer Galaxy, e.g., NGC 7538, W3-4-5. Based on their
existence, it is expected that the earliest stages are also present out to large distances
from the Galactic centre. It will, however, require a different technique of identifica-
tion to find them. The rest of this dissertation revolves around this question:

Can we identify Infrared Dark Clouds in the Outer Galaxy?




