
The	
  earliest	
  phases	
  of	
  OB	
  star	
  forma1on	
  
revealed	
  by	
  the	
  Herschel	
  key	
  program	
  HOBYS	
  

Mar1n	
  Hennemann	
  –	
  HOBYS	
  consor1um	
  

Lab.	
  AIM/Service	
  d’Astrophysique	
  
CEA	
  Saclay	
  

PACS	
  

hJp://hobys-­‐herschel.cea.fr	
  

Forma1on	
  and	
  Development	
  of	
  Molecular	
  Clouds	
  
Cologne,	
  Oct	
  6	
  2011	
  



HOBYS	
  cheat	
  sheet	
  

Near-IR extinction map of the Galaxy 
by S. Bontemps 



(Some)	
  HOBYS	
  first	
  results	
  
•  Proper1es	
  of	
  clumps,	
  massive	
  dense	
  cores,	
  and	
  protostars	
  in	
  

RoseJe	
  (Di	
  Francesco+	
  2010,	
  MoJe+	
  2010,	
  Hennemann+	
  2010),	
  
W48	
  (Nguyen	
  Luong+	
  2011acc),…	
  

•  Large-­‐scale	
  structure	
  and	
  feedback	
  in	
  Vela	
  C	
  (Hill+	
  2011),	
  RoseJe	
  
(Schneider+	
  2010,	
  2011ip),…	
  

•  High-­‐mass	
  star-­‐forming	
  “ridges”:	
  Example	
  of	
  Vela	
  C	
  

Av: Cyan = 25, Blue = 50, Magenta = 100 mag 

Ridge 

•  Where	
  will	
  CCAT	
  help?	
  
•  Constrain	
  submm	
  emission	
  on	
  0.1pc	
  scale	
  
•  Provide	
  velocity	
  informa1on	
  on	
  0.1pc	
  scale	
  



Compact	
  objects	
  in	
  HOBYS	
  fields	
  

•  OB	
  star	
  precursor	
  candidates:	
  “Massive	
  Dense	
  
Cores”	
  (ca.	
  0.1	
  pc	
  size,	
  density	
  >	
  105	
  cm-­‐3)	
  

•  Sta1s1cal	
  samples	
  from	
  large	
  mm-­‐mapping	
  
(MoJe+	
  2007,	
  Russeil+	
  2010)	
  

•  Characteris1c	
  proper1es:	
  Envelope	
  mass	
  &	
  
bolometric	
  luminosity	
  (	
  Stellar	
  mass)	
  

•  Herschel	
  covers	
  SED	
  peak	
  	
  luminosity	
  and	
  dust	
  
temperature	
  

•  Herschel	
  allows	
  to	
  cover	
  large	
  fields	
  
•  Herschel	
  is	
  sensi1ve	
  to	
  lower	
  masses	
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Fig. 3. Column density (a) and dust temperature (b) maps of W48 built from Herschel images with a HPBW of 37′′. The dust
opacity law of Hildebrand (1983) is used with a dust emissitivity β = 2. The W48 giant molecular cloud is indicated, the zoom on
the IRDC G035.39–00.33 and its surroundings is outlined. Plus sign (+) indicates the location of supernovae remnants.

The column density and temperature maps of Fig. 2d show
that the IRDC houses dense and cold material (NH2 ∼ 3 − 8 ×
1022 cm−2 and Tdust ∼ 14 − 17K). With a length of ∼6 pc and a
width of ∼1.7 pc, this filamentary morphology is in good agree-
ment with that found in the surface density map derived from
8 µm extinction images (e.g. Butler & Tan 2009). The column
density of G035.39–00.33 as derived from Herschel images is
among the highest of known IRDCs (Peretto & Fuller 2010)
and is typical for “ridges”, i.e. dominant filaments with high-
column density as defined by Hill et al. (2011). Contrary to most
massive star-forming filaments, this IRDC has however a low
temperature. From the column density map, we estimate IRDC
G035.39–00.33 to have a total mass of ∼4000M% within an area
of ∼8 pc2 corresponding to AV > 30 mag as outlined in Fig. 2d.
This mass is similar to that derived from mid-infrared extinction
(Butler & Tan 2009) and agrees within 10% with that measured
from a column density map of the IRDC where its background
has been subtracted (method by Peretto et al. 2010). In the fol-
lowing, we show that such a cold ridge has a high potential to
form (massive) stars.

4. Massive dense cores in G035.39–00.33 and its
surroundings

4.1. Extracting Herschel compact sources

Herschel compact sources were extracted using the multi-scale,
multi-wavelength getsources algorithm (version 1.110614, see
Men’shchikov et al. 2010 and Men’shchikov in prep. for full
details). In our extraction, we first used only the five Herschel
wavelength images for detecting sources and then all ten wave-
lengths, from 3.6 µm to 1.1 mm, for measuring their fluxes. At
the detection step, the five Herschel images are decomposed
into multi-resolution cubes of single-scale single-wavelength
images, similar to what is done in the MRE–GCL software
(see Motte et al. 2007). The five cubes are then combined,
with stronger weight given to the higher resolution images,
into a unique cube of single-scale combined-wavelength images.
Herschel compact sources are finally detected within this cube,

their spatial positions and initial sizes are recorded. At the mea-
surement step and on the initial ten wavelength images succes-
sively, the sources’ properties (including FWHM size and inte-
grated flux) are computed at their detected location, after the
background has been subtracted and overlapping sources have
been deblended. In the final getsources catalog, each Herschel
compact source has a single position and ten FWHM sizes
at ten different wavelengths. whose deconvolved values are
increasing from 160 to 500 µm, consistent with the increase
by a factor of >3 of the Herschel HPBW.

We selected sources with deconvolved FWHM sizes at
160 µm smaller than 0.3 pc and >7σ detection at more than 2
Herschelwavelengths (equivalent to >5σmeasurements at more
than 6 wavelengths), giving a catalog of 28 sources complete
down to 5 M% (see Figs. 2b-c and Table 1). Among them, 13
sources are identified as the best high-mass star precursors can-
didates (M > 20 M%) which we shall refer to as massive dense
cores (MDCs). We consider them to be robust sources since 92%
of them were also identified by the Cutex algorithm (Molinari
et al. 2011).

The sources studied here and more generally by the HOBYS
key programme are cloud fragments which are strongly centrally
concentrated but do not have firm outer boundaries when stud-
ied from subparcsec to parcsec scales. Their inner part can be
fitted by a Gaussian with a ∼0.1 pc FWHM size (e.g. Motte et al.
2007), which can only be resolved by the PACS cameras at the
0.7 − 3 kpc distances of HOBYS molecular cloud complexes.
From submillimeter observations, these MDCs have been found
to be quasi-spherical sources with a radial density distribution
very close to the ρ(r) ∝ r−2 law for r ∼ 0.1 − 1 pc (e.g. Beuther
et al. 2002; Mueller et al. 2002). Such a density power law and
thus a mass radial power law of M(< r) ∝ r are theoretically
expected for dense cores formed by their own gravity (e.g. Shu
1977). For optically thin dust emission and a weak temperature
gradient (T (r) ∝ r−q with q = 0 for starless or IR-quiet MDCs
and q = 0.4 for IR-bright MDCs), one expects the fluxes inte-
grated within apertures to vary (close to) linearly with the an-
gular radius: F(< θ) ∝ θ for IR-quiet protostellar dense cores

(Nguyen Luong+ 2011; Rygl+ in prep.)	
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of them were also identified by the Cutex algorithm (Molinari
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concentrated but do not have firm outer boundaries when stud-
ied from subparcsec to parcsec scales. Their inner part can be
fitted by a Gaussian with a ∼0.1 pc FWHM size (e.g. Motte et al.
2007), which can only be resolved by the PACS cameras at the
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From submillimeter observations, these MDCs have been found
to be quasi-spherical sources with a radial density distribution
very close to the ρ(r) ∝ r−2 law for r ∼ 0.1 − 1 pc (e.g. Beuther
et al. 2002; Mueller et al. 2002). Such a density power law and
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Fig. 2. (a): PACS 70 µm image of the G035.39–00.33 filament; (b): PACS 70 µm image of the G035.39–00.33 filament and its
surroundings; (c): SPIRE 250µm image of the G035.39–00.33 filament and its surroundings; (d): Temperature (colour) and column
density (contours from 1.5 to 7.5 by 1.5 × 1022 cm−2) images. The dense cores with mass >20 M# are indicated by black ellipses,
those with mass <20 M# by white ellipses. The elliptical sizes represent the FWHM sizes at 160 µm. The extent of the IRDC
(>3 × 1022 cm−2) is indicated by a white polygon in b-d.

Table 1. Characteristics of the compact sources in G035.39–00.33 and its close surroundings: sources outside the IRDC are marked
with an asterisk; FWHM deconvolved sizes are measured at 160 µm; dust temperature and mass are derived from SED modelling;
bolometric and submillimeter luminosities are measured from SEDs and lower limit of L>350µm/Lbol are given when sources are
undetected at any wavelengths in the 3.6-70 micron range.

# Ra (2000) Dec (2000) Size Tdust M Lbol L>350µm/Lbol Possible nature
[pc] [K] [M#] [L#] [%]

1* 18 : 56 : 59.0 2 : 04 : 53 0.12 26±2 21±27 3300 0.6 UCH II region
2* 18 : 57 : 05.1 2 : 06 : 29 0.12 27±3 24±21 4700 0.5 IR-bright protostellar MDC
3* 18 : 56 : 40.9 2 : 09 : 55 0.13 24±2 34±43 3100 0.7 IR-bright protostellar MDC
4* 18 : 56 : 45.5 2 : 06 : 18 0.13 25±3 2±3 130 2 low-mass dense core
5 18 : 57 : 09.4 2 : 10 : 41 0.13 17±4 9±3 52–100 >5 low-mass dense core
6 18 : 57 : 08.4 2 : 10 : 53 0.13 16±1 20±4 70–200 >5 IR-quiet protostellar MDC
7 18 : 57 : 09.3 2 : 07 : 51 0.12 12±9 49±40 50–130 >6 IR-quiet protostellar MDC
8* 18 : 56 : 57.0 2 : 05 : 11 0.20 23±2 5±3 130–210 >1 low-mass dense core
9* 18 : 56 : 59.7 2 : 07 : 13 0.17 22±1 3±2 70–120 >3 low-mass dense core
10 18 : 57 : 07.2 2 : 08 : 21 0.12 13±1 32±16 40–110 >8 IR-quiet protostellar MDC
11 18 : 57 : 09.1 2 : 08 : 26 0.12 12±6 37±31 40–100 >7 IR-quiet protostellar MDC
12 18 : 57 : 07.9 2 : 09 : 38 0.12 14±4 12±6 20–50 >11 low-mass dense core
13* 18 : 56 : 41.4 2 : 14 : 30 0.27 21±4 7±1 210–280 >2 low-mass dense core
14* 18 : 56 : 54.5 2 : 03 : 24 0.14 18±4 3±1 30–60 >7 low-mass dense core
15* 18 : 57 : 24.1 2 : 06 : 21 0.13 21±3 2±3 20–40 >4 low-mass dense core
16 18 : 57 : 08.5 2 : 08 : 05 0.12 11±12 46±45 30–90 >9 IR-quiet protostellar MDC
17 18 : 57 : 08.3 2 : 09 : 04 0.15 13±1 50±11 50–140 >9 IR-quiet protostellar MDC
18 18 : 57 : 07.8 2 : 10 : 40 0.14 14±3 20±7 40–120 >6 IR-quiet protostellar MDC
19* 18 : 57 : 23.0 2 : 06 : 41 0.12 15±4 3±1 10–20 >9 low-mass dense core
20 18 : 57 : 09.4 2 : 09 : 35 0.13 14±2 16±5 30–60 >10 low-mass dense core
21 18 : 57 : 06.0 2 : 12 : 31 0.13 16±2 5±1 20–30 >7 low-mass dense core
22 18 : 57 : 06.5 2 : 08 : 31 0.13 14±1 23±13 30–90 >10 IR-quiet protostellar MDC
23 18 : 57 : 09.2 2 : 11 : 03 0.15 14±5 5±3 10–20 >6 low-mass dense core
24* 18 : 56 : 40.6 2 : 00 : 33 0.18 15±3 5±1 20–30 >6 low-mass dense core
25* 18 : 57 : 03.3 2 : 06 : 50 0.17 14±2 14±11 20–40 >12 low-mass dense core
26* 18 : 56 : 41.0 2 : 13 : 22 0.19 13±1 20±16 20–40 >12 Starless MDC
27 18 : 57 : 09.8 2 : 10 : 13 0.12 - - 5–10 >35 -
28 18 : 57 : 08.1 2 : 11 : 06 0.16 11±1 55±38 30–60 >20 IR-quiet protostellar MDC

NH~3-­‐8	
  x	
  1022	
  cm-­‐2,	
  T~14-­‐17	
  K	
  

ca.	
  4000	
  M	
  (AV	
  >	
  30)	
  

getsources:	
  13	
  objects	
  >	
  20M	
  



SED	
  flux	
  scaling	
  for	
  large	
  beams	
  

•  Difficul1es	
  in	
  building	
  Herschel-­‐only	
  SEDs:	
  
–  0.1pc	
  dense	
  core	
  scale	
  not	
  resolved	
  in	
  submm	
  
–  Structure	
  of	
  the	
  cold	
  environment	
  traced	
  in	
  submm	
  
shows	
  no	
  firm	
  boundaries?	
  

•  Rescaling	
  of	
  fluxes	
  from	
  large	
  beams	
  with	
  size	
  
ra1o:	
  FSED	
  =	
  F	
  x	
  FWHM160µm	
  /	
  FWHM	
  
–  Assumes	
  density	
  ~	
  r-­‐2,	
  weak	
  temperature	
  gradient,	
  
op1cally	
  thin	
  emission	
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density (contours from 1.5 to 7.5 by 1.5 × 1022 cm−2) images. The dense cores with mass >20 M# are indicated by black ellipses,
those with mass <20 M# by white ellipses. The elliptical sizes represent the FWHM sizes at 160 µm. The extent of the IRDC
(>3 × 1022 cm−2) is indicated by a white polygon in b-d.
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with an asterisk; FWHM deconvolved sizes are measured at 160 µm; dust temperature and mass are derived from SED modelling;
bolometric and submillimeter luminosities are measured from SEDs and lower limit of L>350µm/Lbol are given when sources are
undetected at any wavelengths in the 3.6-70 micron range.
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and F(< θ) ∝ θ0.6 for IR-bright protostellar dense cores (see e.g.
Motte & André 2001 for details). We thus expect that the decon-
volved sizes and integrated fluxes of the dense cores extracted
here vary with the beam size and in practice increase from 160
to 500 µm, consistent with the increase by a factor of >3 of
the Herschel HPBW. Such a behaviour is indeed observed here
(see Table 2). We stress it is independent of the compact source
extraction technique used since it has also been observed for
sources extracted by the MRE–GCL (Motte et al. 2010) and the
Cutex (Giannini et al. submitted.) algorithms.

Table 2. Scaled fluxes and quality of SED fits

Wavelength [µm] 160 250 350 500
FWHMdec

λ [pc]a 0.15 0.30 0.40 0.60
Fscaled
Foriginal

b
- 53% 39% 27%

∣

∣

∣

∣

Foriginal−Foriginal,GB
∣

∣

∣

∣

Foriginal,GB

c

- 90% 220% 510%
∣

∣

∣

∣

Fscaled−Fscaled,GB
∣

∣

∣

∣

Fscaled,GB

d

- 15% 20% 60%

Notes:
(a): The deconvolved FWHM sizes at wavelength λ were
calculated from the average FWHM sizes measured by
getsources and the beam sizes as
FWHMdec

λ =

√

FWHMaverage
λ

2
− HPBWbeam

λ

2.
(b): Foriginal and Fscaled are the original and scaled fluxes.
(c): Foriginal,GB is the grey body flux fitted to the original fluxes.
(d): Fscaled,GB is the grey body flux fitted to the scaled fluxes.

4.2. Scaling Herschel fluxes for building SEDs

To limit the influence of differentHerschel resolutions and to re-
strict ourselves entirely to the MDCs/dense cores size (∼0.1 pc),
we followed the procedure introduced by Motte et al. (2010).
We kept the PACS 70 and 160µm fluxes unchanged and linearly
scaled the SPIRE 250, 350, and 500µm fluxes to the source size
measured at 160 µm. This process assumes that (1) the size mea-
sured at 160µm reflects the spatial scale of the dense cores; (2)
the 250, 350, and 500µm emission are mainly optically thin and
(3) the F(<θ) ∝ θ relation mentioned in Sect. 4.1 applies. In con-
trast to the ≥160µm emission, compact 70 µm originates from
hot dust close to the protostar and does not trace the cold compo-
nent of a dense core. F(<θ) ∝ θ is correct if the density and tem-
perature power laws mentioned above apply to a large portion
of the dense cores, roughly from half the resolution at 160µm
to the resolution at 500 µm, i.e. from 0.02-0.09 pc to 0.1-0.6 pc
depending on the cloud distance. It however does not preclude
the subfragmentation, inner density flattening, and/or inner heat-
ing of the (massive) dense cores. As explained in Sect. 4.1, these
are reasonable assumptions for MDCs. In contrast, if an H II re-
gion develops, the density and temperature structures of its par-
ent dense core will probably be strongly modified and such a
scaling cannot apply. Since the dense core probably is partly op-
tically thick at 250µm, the flux scaling at this wavelength is the
most debatable. The Herschel fluxes (and other submillimeter
measurements here) are scaled following the simple equation:

FSEDλ = Fλ ×
FWHMdec

160

FWHMdec
λ

(1)

where Fλ and FWHMdec
λ are the measured flux and deconvolved

FWHM size at wavelengths λ ≥ 250 µm. For simplicity and be-
cause their characteristics do not impact our discussion, we kept
a linear scaling for IR-bright MDC #1, #2, and #3.

Fig. 4. SEDs built from Herschel and other wavelengths of: the
UCH II region (a) and two MDCs associated with SiO emis-
sion (b & c). The curves are grey body models fitted for data
at wavelengths ≥ 160 µm. The single temperature grey body fit
(black curve) is consistent with the two temperatures grey body
fit (green curve). Error bars correspond to 30% of the integrated
fluxes.

Fig. 5. Example SED built from fluxes with (black) and without
(red) scaling for source #17. The SED with scaled fluxes gives a
more classical behavior for the Rayleigh-Jeans part of the proto-
stellar dense core.

The complete SEDs of the 28 dense cores of Table 1 are
built from Herschel and ancillary data (see e.g. Fig. 4). They can
be compared to grey body models if they arise from a unique
gas mass. The scaling procedure used here allows for this, for a
mass reservoir defined at 160 µm. Grey body models are not per-
fect models but they represent rather well the long wavelength
component (160 µm to 1.1 mm) of SEDs built for sources such
as starless, IR-quiet, or IR-bright protostellar MDCs. For the
example MDC #17, without scaling, Herschel provides almost
constant fluxes from 160 µm to 500 µm (see Fig. 5), making the
grey body fit very unreliable. A few other SEDs are even rising
from 160 µm to 500 µm, unrealistically suggesting a <5–10 K
dust temperature. Without complementary submillimeter obser-
vations with good angular resolution and without scaling, the
SED of several cloud fragments, such as MDC #17, could not be
fit at all. As shown in Fig. 5, the scaled SPIRE fluxes give a more
classical behavior for the Rayleigh-Jeans part of a protostellar
dense core SED. As can be seen in Table 2, the 250 µm, 350 µm,
and 500 µm fluxes are quantitatively scaled down but such flux
changes improve the SED fit by a grey body model. Indeed, the
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and F(< θ) ∝ θ0.6 for IR-bright protostellar dense cores (see e.g.
Motte & André 2001 for details). We thus expect that the decon-
volved sizes and integrated fluxes of the dense cores extracted
here vary with the beam size and in practice increase from 160
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the Herschel HPBW. Such a behaviour is indeed observed here
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sources extracted by the MRE–GCL (Motte et al. 2010) and the
Cutex (Giannini et al. submitted.) algorithms.

Table 2. Scaled fluxes and quality of SED fits

Wavelength [µm] 160 250 350 500
FWHMdec

λ [pc]a 0.15 0.30 0.40 0.60
Fscaled
Foriginal

b
- 53% 39% 27%

∣

∣

∣

∣

Foriginal−Foriginal,GB
∣

∣

∣

∣

Foriginal,GB

c

- 90% 220% 510%
∣

∣

∣

∣

Fscaled−Fscaled,GB
∣

∣

∣

∣

Fscaled,GB

d

- 15% 20% 60%

Notes:
(a): The deconvolved FWHM sizes at wavelength λ were
calculated from the average FWHM sizes measured by
getsources and the beam sizes as
FWHMdec

λ =

√

FWHMaverage
λ

2
− HPBWbeam

λ

2.
(b): Foriginal and Fscaled are the original and scaled fluxes.
(c): Foriginal,GB is the grey body flux fitted to the original fluxes.
(d): Fscaled,GB is the grey body flux fitted to the scaled fluxes.
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(1)

where Fλ and FWHMdec
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fect models but they represent rather well the long wavelength
component (160 µm to 1.1 mm) of SEDs built for sources such
as starless, IR-quiet, or IR-bright protostellar MDCs. For the
example MDC #17, without scaling, Herschel provides almost
constant fluxes from 160 µm to 500 µm (see Fig. 5), making the
grey body fit very unreliable. A few other SEDs are even rising
from 160 µm to 500 µm, unrealistically suggesting a <5–10 K
dust temperature. Without complementary submillimeter obser-
vations with good angular resolution and without scaling, the
SED of several cloud fragments, such as MDC #17, could not be
fit at all. As shown in Fig. 5, the scaled SPIRE fluxes give a more
classical behavior for the Rayleigh-Jeans part of a protostellar
dense core SED. As can be seen in Table 2, the 250 µm, 350 µm,
and 500 µm fluxes are quantitatively scaled down but such flux
changes improve the SED fit by a grey body model. Indeed, the
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prominent in H13CO+ (and N2H+ not shown here) but not in
C34S (and H2CO also not shown here) northwest of DR21(OH).
In 12CO and 13CO 2→1, this feature is discernible as well,
but largely blended with other emission components. This sub-
filament is the eastern end of the large-scale filament F3 that was
observed in lower-angular resolution 13CO 1→0 channel maps
(Fig. 3). It was also seen in isotopomeric CO 3→2 data (Vallée
& Fiege 2006) and interpreted by the authors as being caused
by outflow emission from DR21OH(M). An outflow is indeed
detected at this position (see Sect. 4.3) but the emission in the
velocity range ∼–1 to 1 km s−1 is clearly due to an individual
cloud fragment. Spectra towards a position within this fragment
are shown in Fig. 8. An individual Gaussian line is seen at 0
km s−1 for all optically thin lines (at this position rather close to
DR21OH(M) also for C34S). It becomes obvious that the 12CO
2→1 line – even at an angular resolution of 11�� – is not useful
for separating individual components since it is too sensitive to
low-density emission. Figure 9 superimposes N2H+ and H13CO+
emission in the two major velocity ranges, the bulk emission
between –6 to –3 km s−1 in grey scale and the fragment emis-
sion between –1 and 1 km s−1 as overlaying contours. The emis-
sion in H13CO+ for both velocity ranges peaks at the position of
DR21OH-(M). A secondary weaker peak is found ∼50�� further
south, close to N48 (or DR21OH-(S))6, where N2H+ between –6
and –3 km s−1 has its peak emission. This supports the ’hot core’
scenario for DR21-OH(M) because the gas there is warmer and
chemically richer than in the dense, cold core of DR21OH-(S).
This core, however, is embedded in a warmer envelope traced by
H13CO+. Even more interesting is the 0 km s−1 component. The
emission distribution in H13CO+ and N2H+ suggests that this
fragment ’falls’ on the densest part of the DR21OH(M) clump.
The N2H+ peak is more distinct and smaller in extent and shifted
with respect to H13CO+, again indicating that H13CO+ emission
arises from the warm envelope.

4.3. Ouflows

Figure 10 shows in more detail the outflow features detected in
Fig. 6. From the position-velocity plot and positionally averaged
12CO spectra, we can clearly define the blue emission range be-
tween –30 and –17 km s−1. The redshifted emission is more diffi-
cult to discern because at higher positive velocities, a part of the
line emission in the southern part of the DR21 filament is due to
the ’Great Cygnus rift’ (see Sect. 4.2.2). However, the velocity
range ∼17 to ∼30 km s−1 characterizes well the red wing.

Several blue outflow sources are clearly recognized. These
are all associated with mm-continuum sources, i.e. N53, N44,
and N45. Source N51 shows broad line wings in 12CO and
HCO+ (Fig. 14), which is most likely only the south extention of
the N53 outflow. Southeast of N44 and at offsets –100��,–140��
are clearly defined blue sources that have no red counterparts.
Sources N53, N48, and N44 show outflow emission in SiO 2→1
(Motte et al. 2007) with a prominent red wing for N53 and a blue
wing for N44. They are classified as massive infrared-quiet pro-
tostellar cores (Motte et al. 2007) with masses of 85, 197, and
446 M⊙, respectively. N45 exhibits no SiO emission but is asso-
ciated with an H2 jet (source A 3-1 in Davis et al. 2007), which is
probably driven by a low- or intermediate-mass YSO (all H2-jets
are marked with crosses in the plot). N44 is the known outflow of

6 In this paper, we follow the notation of mm-continuum clumps
given in Motte et al. 2007. This source list is more complete than the
one from Chandler et al. 1993. However, for clarity, we still give the
former names DR21OH(Main, South, West) on occasion.

Fig. 9. Maps of line integrated N2H+ 1→0 (top) and H13CO+
1→0 (bottom) emission of the DR21(OH) region. For N2H+, we
integrate over all hyperfine structure components, the greyscale
covering the velocity range –6 to –3 km s−1 going from 0.8 to
6.7 K km s−1 and the black contours covering the range –1 to
1 km s−1 and go from 0.32 to 1.93 in steps of 0.32 K km s−1.
For H13CO+ the same velocity range –6 to –3 km s−1 represents
grey scale (0.64 to 3.8 K km s−1) and the black contours the
velocity range –1 to 1 km s−1 with contours from 0.67 to 6.6 by
0.54 K km s−1). Green triangles mark mm-continuum sources,
following the notation of Motte et al. (2007).

DR21(OH), seen in CS 5→4 emission (Richardson et al. 1994)
and indirectly traced by the spatial and kinematic distribution
of maser sources (Plambeck & Menten 1990). However, no H2
emission was detected (Davis et al. 2007).

This source is well studied (e.g. Garden et al. 1991a, 1991b,
1992), so we do not go into details here. In our map, we see also
the classical east-west orientation of the flow with some north-
south features (e.g. component ’C’ in Garden et al.). Among the
other sources, only N53 and N44 show red wing emission. It is
not clear what the emission feature running east-west at offsets
–60�� in declination is. In Fig. 10, it shows up in HCO+ emission
as a typical outflow feature. But it has no blue counterpart and
may well be associated with the Cygnus Rift.
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prominent in H13CO+ (and N2H+ not shown here) but not in
C34S (and H2CO also not shown here) northwest of DR21(OH).
In 12CO and 13CO 2→1, this feature is discernible as well,
but largely blended with other emission components. This sub-
filament is the eastern end of the large-scale filament F3 that was
observed in lower-angular resolution 13CO 1→0 channel maps
(Fig. 3). It was also seen in isotopomeric CO 3→2 data (Vallée
& Fiege 2006) and interpreted by the authors as being caused
by outflow emission from DR21OH(M). An outflow is indeed
detected at this position (see Sect. 4.3) but the emission in the
velocity range ∼–1 to 1 km s−1 is clearly due to an individual
cloud fragment. Spectra towards a position within this fragment
are shown in Fig. 8. An individual Gaussian line is seen at 0
km s−1 for all optically thin lines (at this position rather close to
DR21OH(M) also for C34S). It becomes obvious that the 12CO
2→1 line – even at an angular resolution of 11�� – is not useful
for separating individual components since it is too sensitive to
low-density emission. Figure 9 superimposes N2H+ and H13CO+
emission in the two major velocity ranges, the bulk emission
between –6 to –3 km s−1 in grey scale and the fragment emis-
sion between –1 and 1 km s−1 as overlaying contours. The emis-
sion in H13CO+ for both velocity ranges peaks at the position of
DR21OH-(M). A secondary weaker peak is found ∼50�� further
south, close to N48 (or DR21OH-(S))6, where N2H+ between –6
and –3 km s−1 has its peak emission. This supports the ’hot core’
scenario for DR21-OH(M) because the gas there is warmer and
chemically richer than in the dense, cold core of DR21OH-(S).
This core, however, is embedded in a warmer envelope traced by
H13CO+. Even more interesting is the 0 km s−1 component. The
emission distribution in H13CO+ and N2H+ suggests that this
fragment ’falls’ on the densest part of the DR21OH(M) clump.
The N2H+ peak is more distinct and smaller in extent and shifted
with respect to H13CO+, again indicating that H13CO+ emission
arises from the warm envelope.

4.3. Ouflows

Figure 10 shows in more detail the outflow features detected in
Fig. 6. From the position-velocity plot and positionally averaged
12CO spectra, we can clearly define the blue emission range be-
tween –30 and –17 km s−1. The redshifted emission is more diffi-
cult to discern because at higher positive velocities, a part of the
line emission in the southern part of the DR21 filament is due to
the ’Great Cygnus rift’ (see Sect. 4.2.2). However, the velocity
range ∼17 to ∼30 km s−1 characterizes well the red wing.

Several blue outflow sources are clearly recognized. These
are all associated with mm-continuum sources, i.e. N53, N44,
and N45. Source N51 shows broad line wings in 12CO and
HCO+ (Fig. 14), which is most likely only the south extention of
the N53 outflow. Southeast of N44 and at offsets –100��,–140��
are clearly defined blue sources that have no red counterparts.
Sources N53, N48, and N44 show outflow emission in SiO 2→1
(Motte et al. 2007) with a prominent red wing for N53 and a blue
wing for N44. They are classified as massive infrared-quiet pro-
tostellar cores (Motte et al. 2007) with masses of 85, 197, and
446 M⊙, respectively. N45 exhibits no SiO emission but is asso-
ciated with an H2 jet (source A 3-1 in Davis et al. 2007), which is
probably driven by a low- or intermediate-mass YSO (all H2-jets
are marked with crosses in the plot). N44 is the known outflow of

6 In this paper, we follow the notation of mm-continuum clumps
given in Motte et al. 2007. This source list is more complete than the
one from Chandler et al. 1993. However, for clarity, we still give the
former names DR21OH(Main, South, West) on occasion.

Fig. 9. Maps of line integrated N2H+ 1→0 (top) and H13CO+
1→0 (bottom) emission of the DR21(OH) region. For N2H+, we
integrate over all hyperfine structure components, the greyscale
covering the velocity range –6 to –3 km s−1 going from 0.8 to
6.7 K km s−1 and the black contours covering the range –1 to
1 km s−1 and go from 0.32 to 1.93 in steps of 0.32 K km s−1.
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following the notation of Motte et al. (2007).

DR21(OH), seen in CS 5→4 emission (Richardson et al. 1994)
and indirectly traced by the spatial and kinematic distribution
of maser sources (Plambeck & Menten 1990). However, no H2
emission was detected (Davis et al. 2007).

This source is well studied (e.g. Garden et al. 1991a, 1991b,
1992), so we do not go into details here. In our map, we see also
the classical east-west orientation of the flow with some north-
south features (e.g. component ’C’ in Garden et al.). Among the
other sources, only N53 and N44 show red wing emission. It is
not clear what the emission feature running east-west at offsets
–60�� in declination is. In Fig. 10, it shows up in HCO+ emission
as a typical outflow feature. But it has no blue counterpart and
may well be associated with the Cygnus Rift.
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prominent in H13CO+ (and N2H+ not shown here) but not in
C34S (and H2CO also not shown here) northwest of DR21(OH).
In 12CO and 13CO 2→1, this feature is discernible as well,
but largely blended with other emission components. This sub-
filament is the eastern end of the large-scale filament F3 that was
observed in lower-angular resolution 13CO 1→0 channel maps
(Fig. 3). It was also seen in isotopomeric CO 3→2 data (Vallée
& Fiege 2006) and interpreted by the authors as being caused
by outflow emission from DR21OH(M). An outflow is indeed
detected at this position (see Sect. 4.3) but the emission in the
velocity range ∼–1 to 1 km s−1 is clearly due to an individual
cloud fragment. Spectra towards a position within this fragment
are shown in Fig. 8. An individual Gaussian line is seen at 0
km s−1 for all optically thin lines (at this position rather close to
DR21OH(M) also for C34S). It becomes obvious that the 12CO
2→1 line – even at an angular resolution of 11�� – is not useful
for separating individual components since it is too sensitive to
low-density emission. Figure 9 superimposes N2H+ and H13CO+
emission in the two major velocity ranges, the bulk emission
between –6 to –3 km s−1 in grey scale and the fragment emis-
sion between –1 and 1 km s−1 as overlaying contours. The emis-
sion in H13CO+ for both velocity ranges peaks at the position of
DR21OH-(M). A secondary weaker peak is found ∼50�� further
south, close to N48 (or DR21OH-(S))6, where N2H+ between –6
and –3 km s−1 has its peak emission. This supports the ’hot core’
scenario for DR21-OH(M) because the gas there is warmer and
chemically richer than in the dense, cold core of DR21OH-(S).
This core, however, is embedded in a warmer envelope traced by
H13CO+. Even more interesting is the 0 km s−1 component. The
emission distribution in H13CO+ and N2H+ suggests that this
fragment ’falls’ on the densest part of the DR21OH(M) clump.
The N2H+ peak is more distinct and smaller in extent and shifted
with respect to H13CO+, again indicating that H13CO+ emission
arises from the warm envelope.

4.3. Ouflows

Figure 10 shows in more detail the outflow features detected in
Fig. 6. From the position-velocity plot and positionally averaged
12CO spectra, we can clearly define the blue emission range be-
tween –30 and –17 km s−1. The redshifted emission is more diffi-
cult to discern because at higher positive velocities, a part of the
line emission in the southern part of the DR21 filament is due to
the ’Great Cygnus rift’ (see Sect. 4.2.2). However, the velocity
range ∼17 to ∼30 km s−1 characterizes well the red wing.

Several blue outflow sources are clearly recognized. These
are all associated with mm-continuum sources, i.e. N53, N44,
and N45. Source N51 shows broad line wings in 12CO and
HCO+ (Fig. 14), which is most likely only the south extention of
the N53 outflow. Southeast of N44 and at offsets –100��,–140��
are clearly defined blue sources that have no red counterparts.
Sources N53, N48, and N44 show outflow emission in SiO 2→1
(Motte et al. 2007) with a prominent red wing for N53 and a blue
wing for N44. They are classified as massive infrared-quiet pro-
tostellar cores (Motte et al. 2007) with masses of 85, 197, and
446 M⊙, respectively. N45 exhibits no SiO emission but is asso-
ciated with an H2 jet (source A 3-1 in Davis et al. 2007), which is
probably driven by a low- or intermediate-mass YSO (all H2-jets
are marked with crosses in the plot). N44 is the known outflow of

6 In this paper, we follow the notation of mm-continuum clumps
given in Motte et al. 2007. This source list is more complete than the
one from Chandler et al. 1993. However, for clarity, we still give the
former names DR21OH(Main, South, West) on occasion.

Fig. 9. Maps of line integrated N2H+ 1→0 (top) and H13CO+
1→0 (bottom) emission of the DR21(OH) region. For N2H+, we
integrate over all hyperfine structure components, the greyscale
covering the velocity range –6 to –3 km s−1 going from 0.8 to
6.7 K km s−1 and the black contours covering the range –1 to
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following the notation of Motte et al. (2007).

DR21(OH), seen in CS 5→4 emission (Richardson et al. 1994)
and indirectly traced by the spatial and kinematic distribution
of maser sources (Plambeck & Menten 1990). However, no H2
emission was detected (Davis et al. 2007).

This source is well studied (e.g. Garden et al. 1991a, 1991b,
1992), so we do not go into details here. In our map, we see also
the classical east-west orientation of the flow with some north-
south features (e.g. component ’C’ in Garden et al.). Among the
other sources, only N53 and N44 show red wing emission. It is
not clear what the emission feature running east-west at offsets
–60�� in declination is. In Fig. 10, it shows up in HCO+ emission
as a typical outflow feature. But it has no blue counterpart and
may well be associated with the Cygnus Rift.
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  denser	
  NE-­‐SW	
  segment	
  
traced	
  in	
  H13CO+	
  /	
  N2H+	
  to	
  DR21(OH)-­‐M	
  

•  Es1mated	
  input	
  mass	
  rate:	
  2	
  x	
  103	
  M/yr	
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  70um	
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Column	
  density	
  
from	
  Herschel	
  bands	
  

Column	
  density	
  from	
  Herschel	
  
+	
  SHARCII	
  +	
  MAMBO	
  



Prospects	
  for	
  CCAT	
  

•  Column	
  density	
  informa1on	
  on	
  0.1pc	
  scale	
  out	
  
to	
  3kpc	
  required	
  to	
  constrain:	
  
– massive	
  dense	
  core	
  envelope	
  structure	
  
– proper1es	
  of	
  subfilaments:	
  possible	
  remains	
  of	
  
accre1on	
  flows	
  into	
  massive	
  filaments/“ridges”	
  

•  Velocity	
  informa1on	
  for	
  subfilaments	
  


