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ABSTRACT

The Wide-field Infrared Survey Explorer has uncovered a population of young stellar objects (YSOs) in the Western
Circinus molecular cloud. Images show the YSOs to be clustered into two main groups that are coincident with
dark filamentary structure in the nebulosity. Analysis of photometry shows numerous Class I and II objects. The
locations of several of these objects are found to correspond to known dense cores and CO outflows. Class I objects
tend to be concentrated in dense aggregates, and Class II objects more evenly distributed throughout the region.
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1. INTRODUCTION

The Circinus molecular cloud is a region of active star
formation with a population of young stellar objects (YSOs).
Previous studies have estimated the distance of the cloud to
be several hundred parsecs (Reipurth et al. 2008), with Bally
et al. (1999, hereafter B99) adopting a distance of 700 pc,
with an uncertainty of up to 50%. Early work by van den
Bergh & Herbst (1975) identified two embedded objects, with
more recent observations uncovering Hα-emitting sources,
Herbig–Haro (HH) objects, and molecular outflows (Bally et al.
1999; Reipurth et al. 1996, 2008; Dobashi et al. 1998; Mikami &
Ogura 1994; Ray & Eisloeffel 1994; Reipurth & Graham 1988).
The region was observed at millimeter wavelengths by Reipurth
et al. (1996, hereafter R96) and B99. R96 identified protostellar
candidates at 1300 μm, while B99 identified large-scale CO
outflows. The Circinus region provides a good opportunity to
investigate a population of young, coeval stars.

In this Letter, we present observations by the Wide-field
Infrared Survey Explorer (WISE; Wright et al. 2010) of the
young cluster associated with the Western Circinus cloud. The
observations were taken in the four WISE bands (3.4, 4.6, 12, and
22 μm). The nature of the WISE data set makes it useful for the
characterization of star-forming regions. Bands 3 and 4 (12 and
22 μm), in particular, are well suited for the detection of warm
circumstellar dust and objects embedded in dense material. The
wide field of view allows one to determine the YSO distribution
and the structure of nebulosity over a large spatial scale. The
WISE data set also represents a complement to the Two Micron
All Sky Survey (2MASS), allowing one to characterize spectral
energy distributions (SEDs) of YSOs in seven bands from 1.2
to 22 μm. We summarize the observations and data processing
in Section 2, present results in Section 3, and discuss them in
Section 4.

2. OBSERVATIONS AND DATA REDUCTION

The WISE spacecraft conducts observations in a continuous
scanning mode, using a scan mirror to freeze a single pointing
on the detector. Individual images are integrated for 8.8 s in all
four bands. The images are processed using the WISE Science

Data System, developed at the Infrared Processing and Analysis
Center, to ingest raw data, produce images, detect sources, and
extract photometry. Distortion corrections and band merging are
also performed by the automated pipeline (Cutri et al. 2009,
2011; Jarrett et al. 2011; Wright et al. 2010). Observations
of the Western Circinus region were taken on 2010 February
22–24. Single images, which have a field of view of 47′ and
a plate scale of 2.′′75 pixel−1, are coadded to produce images
free from cosmic rays and other artifacts and a plate scale of
1.′′38 pixel−1. The automated source extraction recovers sources
detected at a specified signal-to-noise ratio (S/N) which, in the
case of these observations, is 5 or greater. Positional matching
of WISE sources to 2MASS point sources is automated. Typical
positional offsets between WISE and 2MASS are 0.′′1–0.′′2.
For some sources found in dense groups, band matching was
completed by inspection.

2.1. Source Selection

Automated extraction recovers 6848 sources in a region
centered near (α = 15h00m45s, δ = −63◦13′00′′, J2000), with
dimensions of approximately 90′ by 45′. This list includes a
significant amount of contamination, predominantly foreground
objects and spurious extractions on nebulosity. There are also
numerous sources with poor photometry (i.e., large photometric
errors or upper limit measurements). The list was filtered
to ensure photometric quality, excluding objects that have
photometric errors greater than 0.2 mag or upper limits in Band
4. There are 644 sources that meet these criteria. Out of these, the
vast majority also have Band 3 measurements with photometric
errors less than 0.2 mag. It should be noted that several of the
objects with valid 22 μm photometry but no measurement at
12 μm correspond to very red objects in the image (discussed
in Section 4.3).

Sources in the final list correspond predominantly to point
sources in the Band 4 image, though some sources are still
a result of extractions on nebulosity. These can be filtered by
omitting the lowest signal-to-noise sources; requiring S/N �
12 is effective in eliminating contamination while leaving real
sources intact. This signal-to-noise cut roughly corresponds to
a 22 μm flux density of 8 mJy. A few spurious extractions in
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Figure 1. Top left: a three-color image of the Circinus region. The 22, 12, and 4.6 μm images are mapped to the red, green, and blue channels of the image, respectively.
Top right: the same region showing just the 22 μm channel. IRAS sources are noted (red boxes) and labeled with their ID for sources located along the main locus of
YSOs. Bottom left: a 12 and 22 μm (red) image of the Cir-MMS aggregate identified by R96. Bottom center and right: zoomed images of two of the very red objects.

regions of high confusion (e.g., the Cir-MMS aggregate, see
below) or nebulosity were removed by inspection. The final
source list contains 206 sources which are listed, with their
photometry and spectral slope (see Section 3.1), in Table 1.

3. RESULTS

A coadded three-color image is shown in the top-left panel
of Figure 1, with a total exposure time of approximately 150 s
at the image center. The image highlights the YSO population
of the region. Several sources in the region were previously
detected by the Infrared Astronomical Satellite (IRAS) mission,
and many of these correspond to individual WISE objects, as
well as groups of objects. The IRAS point sources are identified
in Figure 1. IRAS sources that correspond to single, uncrowded
WISE sources are also noted in Table 1.

The YSOs in the region are clustered in two main aggregates,
around the Cir-MMS millimeter sources (R96) and source
65b from van den Bergh & Herbst (1975), hereafter referred
to as vdBH65b. The northern part of the cluster contains a

dense aggregate of YSOs, located at α = 15h00m36s, δ =
−63◦07′00′′, coincident with a structure uncovered by R96 at
1300 μm indicating a core of dense, cold dust, and designated as
Cir-MMS sources 1 through 4 (we refer to this region as the Cir-
MMS core). IRAS also shows a point source, co-located with
the Cir-MMS core, 15564−6254. The IRAS source is closest
to WISEPC J150033.91−630656.6, though the large beam of
IRAS would suggest that several of the sources in the aggregate
contribute flux to the IRAS object. A zoomed WISE 12 and
22 μm image of the core can be seen in Figure 1. R96 show an
object with multiple lobes, while the WISE image shows seven
point sources detected at 12 and 22 μm. Photometry of these
objects is unreliable due to source confusion. The estimated
fluxes for the sources are noted in Table 1.

Another dense aggregate is located about 45′ to the south-
east of the main aggregate, near α = 15h03m27s, δ =
−63◦23′21′′. This group consists of approximately five sources
in the 22 μm image. The two brightest objects (WISEPC
J150323.80−632258.8 and J150328.78−632316.4) lie near
vdBH65b. This particular region also contains several HH
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Table 1
WISE Sources in the Western Circinus Cloud

ID (WISEPC)a J (mJy)b H Ks 3.4 μm 4.6 μm 12 μm 22 μm αIR Class log(LIR/L�)c Notesd

J145903.59−632507.4 16300 ± 670 30500 ± 8000 29600 ± 8900 16800 ± 790 15900 ± 220 4050 ± 83 1330 ± 22 −2.33 III or MS . . . IRAS 14549−6313
J145910.87−625923.3 1.2 ± 0.1 2.2 ± 0.2 2.5 ± 0.2 2.7 ± 0.04 3 ± 0.1 8.6 ± 0.3 17.5 ± 0.8 −0.16 Flat −0.89
J145913.60−630005.5 9.4 ± 0.2 14.2 ± 0.5 15.1 ± 0.3 15.7 ± 0.4 25.1 ± 0.4 212 ± 0.8 675 ± 1.3 0.64 I 0.31 IRAS 14551−6248; MO94-2
J145919.46−625151.8 2.1 ± 0.1 3.9 ± 0.2 3.6 ± 0.2 2.1 ± 0.04 1.1 ± 0.04 3.3 ± 0.1 11.6 ± 0.9 −0.5 II −0.95
J145919.65−633813.7 154 ± 3.7 456 ± 16 794 ± 17 816 ± 27 1120 ± 28 1660 ± 29 1090 ± 17 −0.86 II 1.47 IRAS 14551−6326

Notes.
a The WISEPC designation denotes that the extractions and photometry are from the scope of WISE preliminary data release and the “operation coadds.” These coadds were data products created with an early
version of the WISE data pipeline. The coordinate portion of the ID has the format Jhhmmss.ss ± ddmmss.s.
b Fluxes are in milliJansky. Fluxes are calculated assuming zero-magnitude fluxes of 1594, 1024, 666.7, 309.54, 171.79, 31.676, and 8.3635 Jy for 2MASS J, H, and Ks, and WISE Bands 1 through 4, respectively.
Upper limit measurements are denoted with a “u.”
c Infrared luminosity from approximately 1 to 26 μm, calculated using WISE and 2MASS data for YSOs with seven-band photometry and d = 700 pc.
d “C” denotes sources in crowded regions, where photometry is unreliable by as much as several tenths of a magnitude. Fluxes for these sources should be considered estimates. “Very red” sources (Section 4.3) are
noted and an estimate of the [4.6]–[22] color is provided. Sources in the Cir-MMS and vdBH65b aggregates are noted. IRAS sources, Hα stars discovered by Mikami & Ogura (1994), and objects corresponding
to a CO outflow (B99) are noted where they correspond to a single, uncrowded WISE detection.

(This table is available in its entirety in a machine-readable form in the online journal. A portion is shown here for guidance regarding its form and content.)
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Figure 2. Top: the Ks vs. Ks–[22] CMD for all sources with 2MASS Ks and
WISE 22 μm photometry. The lower diagonal boundary is defined by the
22 μm sensitivity of WISE. Contamination from extragalactic sources is not
significant, except for the reddest sources at Ks � 14. Regions corresponding
to YSO classes are shown; the boundaries are set by the αIR ranges described
in Section 3.1, converted to Ks–[22] color. Bottom: distribution of infrared
luminosities (1–26 μm) for 48 YSOs with WISE and 2MASS photometry.

objects, Hα emitting stars, and other signs of active star for-
mation (Reipurth et al. 2008; Ray & Eisloeffel 1994; Mikami
& Ogura 1994; Reipurth & Graham 1988). This region is dis-
cussed further in the following section. Several objects also lie
outside the main aggregates, as well as in between them.

3.1. Photometric Characterization of YSOs

For 171 objects with WISE 22 μm and 2MASS Ks photometry,
we plot a color–magnitude diagram (CMD) in Figure 2. For
each object, we calculate the infrared spectral slope, αIR =
Δ log λFλ/Δ log λ, using the 2MASS Ks and WISE 22 μm
data points. Objects are classified into YSO classes using the
criteria described in Greene et al. (1994): Class I sources have
αIR > 0.3. Flat-spectrum sources have −0.3 < αIR < 0.3.
Class II sources have αIR < −0.3. The color–magnitude regions
which correspond to these classifications are noted. For objects
that do not have Ks photometry, we use the WISE 3.4 μm point
instead. There are 21 Class I, 16 flat-spectrum, and 35 Class II
objects, excluding those objects with unreliable photometry. The
SEDs confirm the nature of the Class I and II objects, and show
the diversity of YSOs in the region. Figure 3 presents examples
of SEDs of YSOs in the region, spanning a range of αIR.

The distribution of YSOs of different classes can be found in
Figure 4. Class I and flat-spectrum objects, as well as the very
red objects, appear to be concentrated in a filament beginning
roughly north–northwest of the Cir-MMS group, continuing to
the south–southeast, with the Cir-MMS region at its center. This
line turns toward the east in the region between the Cir-MMS
and vdBH65b aggregates, following a northwest to southeast
line, continuing southeast of vdBH65a. Class II objects appear
to be more scattered, with many lying to the east of Cir-MMS
and to the north of vdBH65b.

4. DISCUSSION

4.1. Dense Cores and Large-scale Outflows

Observations by B99 find several large-scale CO outflows
powered by YSOs in the region. One of the largest and
most energetic of the outflows, designated “Flow A” by B99,
originates from the Cir-MMS aggregate (Figure 1), slightly west
of IRAS 14564−6254. The nearest bright source to the IRAS
object is WISEPC J150033.91−630656.6, though several bright
sources lie in this compact aggregate. This group of sources is
also co-located with the Cir-MMS core detected at 1300 μm
(R96). The WISE observations of the core are consistent with
the hypothesis of B99 and R96 that the heating and driving of
the outflow are a result of several sources, rather than a single
YSO. This group of YSOs represents the densest collection of
luminous mid-infrared sources in the region, with a combined
flux density for the region near 10 Jy in Band 4. The objects in
the aggregate are predominantly Class I or flat-spectrum objects.

Flows “B” and “C” originate from IRAS 14563−6301
(B99). At the location of this source, we find two bright
mid-infrared sources close to one another. They are sources
WISEPC J150022.72−631325.4 and J150024.26−631337.4,
which are separated by about 14′′ (9800 AU at 700 pc).
J150024.26−631337.4 is closest to the position of the IRAS
source, about 5′′ away. The two WISE sources have 22 μm fluxes
of over 2 Jy and nearly 1 Jy, respectively. IRAS 14563−6301
has a flux of 4.1 Jy at 25 μm; the discrepancy with WISE pho-
tometry can be explained by the larger beam and bandpass of
IRAS. B99 hypothesize that the source of the B and C outflows
may be a binary, and this is consistent with our finding of two
closely separated mid-infrared sources at the origin. Several less
energetic flows, designated D through H have been identified by
B99. For flows that originate from an uncrowded region, we
note the source in Table 1.

4.2. Hα Emitting Stars and Herbig–Haro Objects

Among the earliest observations of the region were those of
van den Bergh & Herbst (1975) which uncovered two stars em-
bedded in nebulosity at optical wavelengths. Designated 65a and
65b, the latter is associated with an aggregate of YSOs described
above, lying near the source J150323.80−632258.8 in this study.
Source 65a corresponds to this study’s J150058.58−631654.9.
Several candidate YSOs in the Western Circinus cloud have
been imaged at 10 μm by Mottram et al. (2007). One of these
sources is vdBH65a, and the other four sources are part of the
aggregate near the Cir-MMS core.

A number of other Hα emission line stars were uncovered by
Mikami & Ogura (1994). Fourteen of the objects they identify
are in the region covered by this study, and all have significant
mid-infrared excess. The Hα emitting stars are distributed
throughout the region, but half of the objects are found near
the dense Cir-MMS and vdBH65b aggregates. A few of these
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Figure 3. SEDs for eight YSOs in Circinus, with photometry in seven (WISE + 2MASS) bands. Objects are ordered by αIR. Object IDs are shown at the upper left of
each plot. The dotted lines represent the Rayleigh–Jeans expectation for photospheric emission, normalized to the Ks point. The top-left plot shows an example of a
star in the region with purely photospheric emission. Error bars are typically smaller than the symbols.

stars are also the source of the large-scale CO outflows discussed
in the previous section. Mid-infrared sources that correspond to
Hα emitting stars are noted in Table 1.

The region also contains several HH objects, specifically HH
76, 77, and 139–143 (Reipurth et al. 2008; Ray & Eisloeffel
1994; Reipurth & Graham 1988). Several of these sources lie in
the vicinity of vdBH65b, as described in Reipurth et al. (2008).
However, strong mid-infrared tracers of outflows, such as Fe ii

lines at 5.3, 18, 26, and 35 μm and the H2 rotational line at 17 μm
(Bally et al. 2007), do not lie within the four WISE bandpasses.
The WISE images do not show any clear correlation between
detected sources and the known HH objects.

4.3. Very Red Objects

Seven objects are detected as relatively bright sources in
Band 4, but have no matching 2MASS sources, and only
upper limit measurements in Band 3 (for all but one ob-
ject, J145959.01−625936.7). These objects appear as the red-
dest sources in the three-color image (Figure 1). Those with
Band 1 photometry have [3.4]–[22] > 8.7, and all have
[4.6]–[22] > 5.5. These sources are noted in Table 1, along with
their estimated [4.6]–[22] colors. The list includes one object,
J145941.04−625757.6, which was not extracted by the auto-

mated pipeline, but was identified by inspection of the image.
These sources are classified as Class I objects based upon αIR >
0.3; however, at least one of them (J150238.02−631900.3) may
be a Class 0 source, based upon its association with submillime-
ter emission.

WISEPC J150238.02−631900.3 corresponds to the location
of a dense core described in B99 and may give us insight into
the physical nature of these objects. B99 note a “prominent
and visually very opaque core which does not harbor a known
IR source or [12CO outflow]” which they hypothesize to be
a pre-collapse core. The region appears as a dark “knot” in
the nebulosity in the WISE image at 12 μm, but at 22 μm
a source with a flux of about 30 mJy is detected. The WISE
data suggest that this source is possibly in the early stages of
evolution, or it could be very deeply embedded, based on its
extremely red color. The reddest object with [4.6]–[22] = 8.5 is
J150348.39−632632.3, which is located south of the vdBH65b
group. These objects are shown in the bottom center and right
panels of Figure 1. The observational signature of six of the
objects is very similar to that of J150238.02−631900.3 (i.e.,
bright 22 μm detection, with the 12 μm image showing a dark
knot), which leads us to believe that they may also be physically
similar. J145959.01−625936.7 has a faint 12 μm detection co-

5



The Astrophysical Journal Letters, 733:L2 (7pp), 2011 May 20 Liu et al.

Figure 4. Map of the Class I, flat-spectrum, and Class II objects. Blue diamonds: Class II objects; green squares: flat-spectrum objects; red triangles: Class I objects;
dark red circles: “very red” objects (see Section 4.3). Open symbols represent crowded objects with uncertain photometry.

located with the 22 μm source and is also located in a dark
filamentary structure.

4.4. Infrared Luminosities and Comparisons to Nearby Regions

We calculate the infrared luminosity (LIR) for each YSO (48
Class I, flat-spectrum, and Class II objects), integrated over the
wavelength range 1–26 μm, using the WISE and 2MASS SEDs,
and assuming a distance of 700 pc. Values of LIR are shown
in Table 1 and span the range 0.08–30 L�. A distribution of
infrared luminosities is shown in the bottom panel of Figure 2.
The lowest infrared luminosity objects probed by this study
are one to two orders of magnitude more luminous than the
lowest luminosity Spitzer sources in recent studies of nearby
regions, such as Serpens, Taurus, and the Cepheus Flare (Harvey
et al. 2007; Rebull et al. 2010; Kirk et al. 2009). Furthermore,
the infrared luminosity distribution of WISE-detected sources
appears to peak at log(LIR/L�) between −0.5 and 0.0, about
an order of magnitude more luminous than those studies. Thus,
the typical YSO observed in this study is significantly more
luminous than those observed in the nearby regions. These
effects are due to lower WISE sensitivity compared to Spitzer
and greater distance to the Circinus region. On the bright end of
the luminosity distribution, we find similar numbers of infrared-
luminous objects, with the number of YSOs falling off sharply
where log(LIR/L�) > 0, with no sources more luminous than
log(LIR/L�) = 1.5.

The spatial distribution and clustering of YSOs can also
be compared qualitatively to Serpens. The physical size of
Serpens is similar to the Western Circinus region. Harvey et al.
(2007) find that Class II and III objects dominate the population
outside of the core, while Class I and flat-spectrum objects are
common in the core. We find this also to be the case in the
Circinus region, where Class I objects dominate the Cir-MMS

and vdbH65b aggregates, and are more confined spatially to dark
nebular filaments. Class II objects are more evenly distributed
throughout the region.

5. SUMMARY

We have presented WISE observations of the Western Circinus
molecular cloud core, covering over 1.1 deg2 in the four WISE
bands. These observations have uncovered a population of YSOs
with the following characteristics.

1. The population contains Class I, II, III, and flat-spectrum
objects.

2. The dense aggregate in the northern region of the cluster,
referred to here as the Cir-MMS aggregate, corresponds to
a previously discovered dense, cold core at 1300 μm (R96).
This aggregate also drives a strong CO outflow discovered
by B99.

3. We identify several mid-infrared sources which correspond
to IRAS and Hα sources. Some IRAS sources have been
resolved into multiple member groups.

4. We identify several very red objects with bright detections
in Band 4 (22 μm). One of these sources corresponds to
a dense core of material identified by B99 and could be a
Class 0 object.

5. The objects observed by WISE in the Circinus region are
typically more luminous than those characterized by Spitzer
in nearby regions such as Serpens and Taurus. Clustering
of YSO classes is similar to Serpens, where Class I objects
are found preferentially in dense cores.

This publication makes use of data products from the Wide-
field Infrared Survey Explorer, a joint project of the University
of California, Los Angeles, and the Jet Propulsion Laboratory/
California Institute of Technology, funded by the National
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Aeronautics and Space Administration. W.M.L. acknowledges
support from WISE and the WISE Science Data Center. This
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Strasbourg, France.
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