


Absorp'on	  
opacity	  versus	  
wavelength	  for	  
Milky	  Way	  
dust	  along	  a	  
sightline	  with	  
RV	  =	  5.5	  
(Draine	  2003)	  



Thermal	  dust	  emission	  map	  of	  the	  Orion	  molecular	  cloud	  complex	  from	  the	  
SCUBA	  survey	  (Johnstone	  et	  al.	  2006)	  



Herschel	  image	  of	  IC5146	  (RGB	  =	  500	  micron,	  250	  micron,	  70	  micron;	  taken	  from	  
an	  ESA	  press	  release,	  image	  credit	  Arzoumanian	  et	  al.,	  CEA	  Saclay)	  



Pipe	  Nebula	  (Lombardi,	  Alves,	  &	  Lada	  2006)	  -‐-‐	  op'cal	  



Pipe	  Nebula	  (Lombardi,	  Alves,	  &	  Lada	  2006)	  -‐-‐	  ex'nc'on	  



Luminosity	  per	  CO	  molecule	  for	  in	  the	  3	  CO	  lines,	  along	  with	  line	  cri'cal	  
densi'es	  (dashed	  ver'cal	  lines)	  



Posi'on-‐integrated	  velocity	  distribu'on	  for	  12CO	  (thin)	  and	  13CO	  (thick)	  in	  the	  
Perseus	  cloud,	  from	  the	  COMPLETE	  survey	  (Ridge	  et	  al.	  2006)	  
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Fig. 1.— M33: Grayscale image in units of M⊙ pc−2 of the 21-cm emission of the central 45′ × 45′ field. Molecular clouds are overlaid
with area scaled to mass. Nearly all (93%) GMCs lay in regions of high-density H I. The galactic mean of ΣHI is roughly 4 M⊙ pc−2,
while the mean value in the vicinity of GMCs is 10 M⊙ pc−2.

Fig. 2.— Mean local ΣHI versus GMC mass. The solid line is the least-squares fit for the plotted points, which show the mean H I surface
density within 70 pc of GMCs. The dotted and dashed lines are the least-squares fits for ΣHI within R < 150 pc and ΣHI within R < 50
pc, respectively. The average surface density of atomic gas surrounding GMCs is 10.2 ± 0.4 M⊙ pc−2. The H I surface density increases
slowly with increasing GMC mass as ΣHI ∝ M0.27±0.06

GMC
, where the power-law exponent is the mean of the three least-squares fits and the

uncertainty is the 1-σ spread.

M33	  in	  HI	  (grayscale),	  with	  loca'ons	  of	  GMCs	  marked	  (Imara+	  2011)	  



CO(J = 1− 0) Imaging of M51 with CARMA and NRO45 17

Figure 7. CARMA and NRO45 combined CO (J = 1− 0) map of M51 with robust=-2.

M51	  in	  CO	  J=1-‐0	  
(Koda+	  2011)	  



The	  Perseus	  molecular	  cloud	  in	  13CO	  J=2-‐1,	  integrated	  over	  velocity	  (Sun	  et	  al.	  
2006)	  



The	  Persesus	  cloud	  in	  
13CO	  J=2-‐1	  channel	  
maps,	  from	  3	  –	  11	  km	  s–1	  
in	  1	  km	  s–1	  intervals	  (Sun	  
et	  al.	  2006)	  



The	  core	  B68	  in	  a	  wide	  
variety	  of	  tracers.	  
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Fig. 1. a) Column density map derived from SPIRE/PACS observations of Aquila. The subregion referred to as the main subfield in the text is
marked by the white rectangle. The cyan triangles mark the positions of the 541 starless cores identified in the entire field. The locations of the HII
regions W40 and MWC297/Sh62 are shown. The PDR region around W40 is framed by white polygon, while the dashed square outlines the small
region shown in more detail in online Fig. 5a. b) Same as a) for the main subfield, with a total of 452 starless cores, marked by cyan triangles.

coverages reduced the effects of 1/ f noise (see Sibthorpe et al.
2008).

The PACS 70 µm and 160 µm data were reduced with HIPE
(Ardila et al. 2010) version 3.0. Standard steps of the default
pipeline were applied starting from the raw data (level 0). We
used file version 1 flat-fielding and responsivity in the calibra-
tion tree, instead of the built-in version 3 of those. Therefore, the
flux density scale was corrected with the corresponding respon-
sivity correction factors: 1.78 at 70 µm, and 1.43 at 160 µm.
Multi-resolution median transform (MMT) deglitching and
second-order deglitching were also applied. Baselines were then
subtracted by high-pass filtering, with a median filter width cor-
responding to the full length (180′–190′) of the scan legs taken
from HSPOT (Frayer et al. 2007). The baseline fits were per-
formed on the “level 1” data using interpolation for the masked
bright sources not to over-subtract true sky emission. In this
way, we removed stripes and preserved spatial scales and dif-
fuse emission up to the size of the maps. The final PACS maps
were created using the photProject task, which performs simple
projection of the data cube on the map grid.

Our SPIRE observations at 250, 350, and 500 µm were re-
duced using HIPE version 2.0 and the pipeline scripts deliv-
ered with this version. These scripts were modified, e.g., to
include observations taken during the turnaround of the tele-
scope. A median baseline was applied to the maps and the
“naive” map-making method was used. Online Fig. 3 shows the
500/350/250 µm SPIRE images. The PACS 160/70 µm images
of the same field are shown in Bontemps et al. (2010).

For SPIRE, the absolute calibration uncertanty is estimated
to be ∼15% (Griffin et al. 2010), while for PACS the absolute
flux accuracy is within 10% in the blue filter, and better than 20%
in the red filter (Poglitsch et al. 2010). The in-flight calibration
of the SPIRE instrument is described by Swinyard et al. (2010).

Besides cross-correlating the SPIRE and PACS maps to
test their relative astrometry, we compared the astrometry of
the Herschel images with publicly-available Spitzer 8 µm and
24 µm data, as well as high-positional accuracy (<1′′) 3 mm
IRAM Plateau de Bure observations of a small field at the cen-
ter of the Aquila main filament (Maury et al. in prep.). In this
way, we corrected the Herschel images for small astrometric

offsets (<∼6′′) remaining between the SPIRE and PACS maps,
and achieved a final astrometric accuracy better than ∼2′′.

3. Results and analysis
Compact sources were extracted from the SPIRE/PACS images
using getsources, a multi-scale, multiwavelength source-finding
algorithm briefly described in Men’shchikov et al. (2010).
Several sets of extractions were obtained, including one for the
entire field and one for the main subfield of the Aquila com-
plex (see Fig. 1). At this early stage of the scientific exploitation
of the Herschel survey, we only considered robust sources with
significant (S/N > 7.5) detections in at least two SPIRE bands,
especially since the significance of the sources depends slightly
on the adopted set of extractions.

For the Aquila main subfield (see Fig. 1), Spitzer 24 µm ob-
servations were used in combination with PACS 70 µm data to
distinguish between starless cores and young (proto)stellar ob-
jects (YSOs). In this subfield, objects detected in emission above
the 5σ level at 70 µm and/or 24 µm were classified as YSOs,
while cores undetected in emission (or detected in absorption) at
both 70 µm and 24 µm were classified as starless. This classifi-
cation yielded 452 starless cores in the Aquila main subfield.

Outside the main subfield, we had to rely only on our PACS
70 µm data to distinguish between starless and protostellar cores.
Based on the results obtained in the main subfield, we estimate
that the lack of Spitzer 24 µm information leads only to a ∼3%
error in the classification. Altogether, we identified a total of 541
starless cores and 201 embedded YSOs in the entire field. The
YSOs include ∼45–60 Class 0 protostars depending on the se-
lection criteria (see Bontemps et al. 2010).

Based on our Herschel data, we constructed dust temperature
(Td) and column density (Σ) maps. To do this, we first smoothed
all Herschel images to the 500 µm resolution (36.9′′) and repro-
jected them to the same 6′′pixel grid. Weighted spectral energy
distributions (SEDs) were then constructed for all map pixels
from the 5 observed SPIRE/PACS wavelengths.

Assuming single-temperature dust emission, we fitted each
SED by a grey-body function of the form Iν = Bν(Td)(1 − e−τν),
where Iν is the observed surface brightness at frequency ν,
τν = κνΣ is the dust optical depth, and κν is the dust opacity per
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Cores	  in	  the	  
Aquila	  region	  
(blue	  triangles)	  
overlaid	  in	  a	  
Herschel	  /	  SPIRE	  
dust	  column	  
density	  map	  
(Konyves+	  2010)	  
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variety	  of	  tracers.	  
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The	  core	  B68	  in	  a	  wide	  
variety	  of	  tracers.	  



Velocity	  dispersion	  map	  of	  a	  core	  (Pineda	  et	  al.	  2010)	  


