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Background: massive star formation

Open Questions:


How	
  do	
  High	
  Mass	
  (OB	
  >	
  8M¤	
  )	
  stars	
  form?	
  
–  Quasi-­‐sta:c	
  vs	
  dynamic	
  scenario	
  	
  
–  powerful	
  gas	
  	
  (compe::ve)	
  accre:on	
  vs	
  coalescence	
  
–  Scaled	
  up	
  low	
  mass	
  star	
  forma:on?	
  

     What	
  are	
  the	
  ini:al	
  condi:ons	
  (density,	
  temperature,	
  
kinema:cs)	
  for	
  high-­‐mass	
  star	
  forma:on?	
  

	
  

Observational evolutionary sequence:

–  HII	
  regions	
  -­‐>	
  UC	
  HII	
  -­‐>	
  HII	
  
–  High	
  mass	
  protostars:	
  evolving	
  from	
  envelope-­‐dominated	
  to	
  star-­‐dominated.	
  

•  (e.g.	
  Molinari	
  et	
  al.	
  1998,	
  Bontemps	
  et	
  al.	
  2010)	
  
•  Associated	
  with	
  hot	
  cores,	
  masers,	
  powerful	
  ouPlows,	
  no	
  radio	
  cm	
  
•  Iden:fied	
  within:	
  IR-­‐quiet	
  protostellar	
  dense	
  cores	
  (e.g.	
  Hill	
  et	
  al.,	
  2005,	
  MoUe	
  et	
  

al.	
  2007),	
  IR-­‐bright	
  protostellar	
  dense	
  cores	
  or	
  HMPOs	
  or	
  Hot	
  Molecular	
  Cores	
  (e.g	
  
Beuther	
  et	
  al.	
  2002,	
  Cesaroni	
  et	
  al.	
  2005)	
  

–  Massive	
  prestellar	
  cores	
  (?)	
  in	
  IRDCs	
  (e.g.	
  PereUo	
  &	
  Fuller	
  2009)	
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HOBYS Objectives


•  Identify & characterise the precursors of OB stars	
  
–  High-­‐mass	
  analogues	
  of	
  prestellar	
  cores	
  –	
  do	
  they	
  exist?	
  
–  Massive	
  IR-­‐quiet	
  protostellar	
  dense	
  cores	
  
–  Massive	
  IR-­‐bright	
  protostellar	
  dense	
  cores	
  

•  Measure core/envelope mass & 


 
 
 
 
bolometric luminosity


–  Build	
  an	
  evolu:onary	
  diagram	
  
–  Es:mate	
  life:me	
  of	
  each	
  evolu:onary	
  stage	
  

•  Make the link between cloud structure and 


 
 
 
 
star formation


–  Differentiate	
  low	
  &	
  high-­‐mass	
  star-­‐forming	
  filaments.	
  

•  Assess the importance of triggering

–  By	
  comparing	
  well-­‐behaved	
  HII	
  regions	
  to	
  	
  

	
   	
  more	
  common	
  HMSF	
  regions	
  

DR21(OH) 

DR21 

MAMBO 1.25 mm 
Spitzer 24 µm 



Sample & Observations


•  Image all molecular cloud complexes forming OB-type 
stars < 3pc – 10 regions

–  Expect	
  ~250	
  high-­‐mass	
  protostars	
  
–  Sta:s:cal	
  importance	
  
–  Study	
  precursors	
  of	
  stars	
  up	
  to	
  20M¤	
  

–  Wide-field PACS/SPIRE images (70, 160,250, 350, 
500µm)

–  HPBW	
  =	
  6''-­‐36.9''	
  @	
  0.7-­‐3	
  kpc	
  =>	
  down	
  to	
  0.05-­‐0.3	
  pc	
  cloud	
  structures	
  

–  Complementarity

–  Progenitors	
  of	
  low	
  mass	
  stars	
  –	
  Gould	
  Belt	
  Survey	
  (André	
  et	
  al)	
  
–  Precursors	
  of	
  OB	
  stellar	
  clusters	
  –	
  HI-­‐GAL	
  Survey	
  (Molinari	
  et	
  al)	
  

Near-IR extinction map of the Galaxy 



The First herschel Images reveal:


•  Extensive networks of filaments, among which 
“ridges”  (dominating super critical filaments) are 
forming high mass stars.	
  
–  The	
  Vela	
  C	
  Ridge	
  –	
  Hill	
  et	
  al.,	
  2011	
  

•  Giannini	
  et	
  al.,	
  in	
  press.	
  Minier	
  et	
  al.,	
  in	
  prep.	
  
–  The	
  IRDC	
  G35.39-­‐00.33	
  in	
  W48	
  –	
  Nguyen	
  Luong	
  et	
  al.,	
  2011	
  
–  DR21	
  –	
  Hennemann	
  et	
  al.,	
  in	
  prep	
  

•  Feedback of OB star clusters on molecular cloud 
structure, such as heating, pillars and triggered star 
formation.

–  Reid	
  et	
  al.,	
  NGC	
  7538,	
  Hill	
  et	
  al.,	
  M16;	
  Schneider	
  et	
  al.,	
  RoseUe	
  

•  Clusters of protostars

–  Among	
  which	
  a	
  few	
  good	
  candidates	
  are	
  high-­‐mass	
  class	
  0	
  
protostars	
  and	
  starless	
  cores.	
  



•  May 18, 2010, 700pc, Parallel scan-mode, 3 deg2


•  Sources extracted with getsources (multi-wavelength, multi-
resolution) sources extraction algorithm. 


•  Conservative S:N, gives 13 high-mass sources – 14-70M¤ 

•  ∼ 0.04 pc, these sources correspond to protostellar or 
prestellar cores, i.e., the direct progenitors of individual 
high-mass stars.


VELA C
 70um, 160µm,250µm 



See also  
Minier et al., in prep 



Identifying Filaments & RIDGES

•  Dust temperature and column density from greybody fits 

(37’’)

•  Census of filaments: DisPerSE (Sousbie 2011)

•   Above Av >  50 mag all filaments identified have supercritical 

masses per unit length and are thus likely forming stars

Av ~ 25 mag 
Av ~ 50 mag 
Av ~ 100 mag 

Ridge 

(Hill, Motte, Didelon et al. 2011) 

Column density 



Cloud structure in Sub-regions


•  Disorganised network of filaments vs single dominating ridge.

•  High-mass stars form preferentially in ridges, high-column 

density (Av > 100 mag), wide (>0.3 pc) filaments present in 
specific regions.


FIR2011	
  –	
  14th	
  September	
  	
  

South-Nest Centre-Ridge 

(Hill, Motte, Didelon et al. 2011) 

Ridge 



Gravity vs Turbulence

•  At Av~ 7 mag, Vela C 

segregates into 5 sub-
regions of similar mass


•  CR has a high CD tail

–  May	
  suggest	
  gravity	
  
rather	
  than	
  turbulence	
  
is	
  shaping	
  the	
  cloud.	
  

Whole sample
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•   Flatter PDF (CR) observed for 
coherent structures created via 
constructive large-scale flows in 
some numerical simulations 
(Federrath et al., 2010)


•  The Ridge is dominated by gravity 
and large-scale converging flows. 

(Hill, Motte, Didelon et al. 2011) 

Column density map 



IRDC G035.39-00.33, a ridge in W48


•  W48, 3kpc, 1 x106M¤, ~1.5-8 1022cm-2, 16K


70μm, 160μm, 250μm 

W48 HII 

(Nguyen-Luong et al. 2011; Rygl et al. in prep.) 

Density contours 



High-mass star formation in 
g0.35.39-00.33


•  From the Herschel column 
density map, IRDC mass = 
4000M¤


•  Greybody fitting

–  A cluster of 9 MDC, 

(0.1-0.2pc, 30-1000M¤) 
harbouring class 0 objects


•  Part of the SiO may be 
tracing low velocity shocks 
assoc. with converging flows.


•  A burst of star formation 
(SFE ~15%) after the fast 
cloud formation?


(Nguyen-Luong et al. 2011) 
Contours: SiO from Jimenez-Serra et al. 2010 



24μm, 70μm, 160μm 
Spitzer (courtesy J. Hora) and 
Herschel 

Cyg OB2 

DR21 
ridge 

The Cygnus X molecular complex 

 (1.4 kpc, 5 x 106 M¤) 

(Hennemann et al. in prep) 

4 pc 

70μm, 160μm, 250μm 

See also its dynamics in Schneider et al. (2010) 

DR21, A ridge in Cygnus X




The DR21 ridge and its sub-filaments


70μm                                                      NH2 + Filament crests                          Dust temperature 

Contour at 
 1023 cm-2 

DR21(OH) 

DR21 4 pc 

DR21,	
  a	
  prototypical	
  ridge	
  at	
  1.4	
  kpc	
  

NH2	
  >	
  1023	
  cm-­‐2,	
  4	
  pc,	
  15	
  000	
  M¤,	
  <n>	
  ~	
  104	
  cm-­‐3	
  

Domina:ng	
  its	
  surrounding	
  and	
  forming	
  many	
  high-­‐mass	
  stars	
  

Complex	
  substructure,	
  sugges:ve	
  of	
  a	
  junc:on/merging	
  of	
  filaments	
  

	
  

(Hennemann et al. in prep) 

Poster 

58 



-­‐	
  dominates	
  its	
  environment	
  (and	
  Cygnus	
  X	
  North),	
  
linked	
  to	
  supercri:cal,	
  massive	
  sub-­‐filaments	
  

-­‐ Burst	
  of	
  Star	
  Forma:on?	
  

-  7 MDCs containing 1-3 high-mass protostars 

-  = 14 high-mass protostars   

-  +a  Kroupa IMF          A burst with SFE ~ 7% 

- Assuming 105 yr protostellar lifetime: 

⇒  Present SFR ~ 1000 M¤/Myr on ~9 pc2 

⇒ Σ SFR ~ 100 M¤/yr /kpc2   (mini-starburst)	
  

Mass accumulation and fate of the DR21 ridge:


-  Junc:on/merging	
  of	
  filaments,	
  collapse	
  of	
  a	
  
filamentary	
  network?	
  

-­‐ 	
  Incoming	
  flows	
  through	
  sub-­‐filaments	
  built	
  up	
  
massive	
  DR21	
  /	
  DR21	
  (OH)	
  clumps	
  and	
  cores	
  

The DR21 ridge, formed by merging 
of super-critical filaments?


4 pc 

(Hennemann et al. in prep) 

Poster 

58 



The influence oF ob clusters on 
Star formation




APOD:http://apod.nasa.gov/apod/ap120203.html


 




 Pillars of 
Creation




Picture credit: T.A. Rector & B.A. Wolpa 

Picture Credit: J. Hester & P. Scowen 

H-alpha, Oxygen [OIII], Sulfur [SII] 

M16 under the influence of 
NGC6611




T. Hill F. Motte P. Didelon et al.: The Eagle has landed. Herschel’s view of M16
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Fig. 1. The 70 µm PACS image of M16 with well-known regions from the literature, as well as regions identified (the ring feature) and discussed
in this paper, indicated on the map. Note the extended coverage (East and South) provided by the two sets of PACS observations (see section 2)
compared with the common area coverage presented in the rest of the figures. Right: Herschel three-colour (60, 160, 250µm) composite image of
the Eagle Nebula. As a proxy, the hot regions in this map appear blue, whilst colder regions appear red.

Gvaramadze & Bomans (2008) for more on the NGC6611 clus-
ter.

We present here unprecedented high-resolution high-
sensitivity Herschel observations, spanning the far-infrared and
submillimetre regime, of the Eagle Nebula. These Herschel
data cover a much greater, unparalleled area around the cen-
tral NGC6611 cluster and the Pillars of Creation than previous
(space) observations and studies, which have focused more on
these respective regions. Here we present a structural analysis
of the entire M16 molecular cloud complex, with respect to the
well-known central OB cluster and the Pillars of Creation. A
conjunct paper by White et al. (2012) examines the stellar con-
tent of the M16 region as detected by Herschel. These authors
report evidence of a mini-starburst of high-mass star formation
in an active ridge adjacent to the ionised cavity around the Pillars
of Creation. Concurrently, Marston et al., (in prep) focus on a
comparison of the Pillars of Creation with existing studies.

2. Observations, and data reduction

M16 was observed on 2010, March 24 and September 11 – 12,
as part of the HOBYS guaranteed time key program (Motte et
al. 2010). In March, the SPIRE (250, 350, 500µm; Griffin et al.
2010) camera was inadvertently turned off and thus only the
shorter PACS (70, 160µm; Poglitsch et al. 2010) wavelengths
were mapped during this period. In September, the parallel-scan
mode of Herschel was used to simultaneously map with both in-
struments at the aforementioned five bands, using the slow scan
speed (20′′/s). For these September observations, the SPIRE
camera was aligned with the PACS data taken from March, al-
lowing 100% common area coverage (normally, the positional
offset between the PACS and SPIRE instruments results in a

small spatial offset between the PACS and SPIRE maps), as well
as an extended PACS coverage to the east and south. A total area
of ∼ 1.5 deg was mapped using two orthogonal scan directions.

Each of the March and September data were reduced
with version 5.0.1975 of the Herschel Interactive Processing
Environment (HIPE1; Ott 2010) adopting standard steps of the
default pipeline to level-1 including calibration and deglitching.
To improve the baseline subtraction, data taken during the turn-
around of the telescope were used. Calibration of the PACS data
has been found to be within 10% and 20% at 70 and 160µm, re-
spectively, whilst SPIRE calibration is within 10% for all bands
(see the respective observers’ manuals).

Maps were produced using the HIPE level-1 data and
v7 of the Scanamorphos software package2 which performs
baseline and drift removal before regriding (Roussel, 2011,
submitted). The two sets of PACS data, from March and
September, were combined within Scanamorphos using the
‘frames fromallscans’ function, to produce a single map of the
entire PACS coverage. For simplicity we hereafter refer to the
combination of the PACS data as the PACS data, rather than re-
ferring to the singular observational data sets. The highest reso-
lution 70µm Herschel image of the M16 region is presented in
Fig. 1 (left) with the full five bands presented by White et al.
(2012). This 70 µm image traces the hot dust, comparable to
Spitzer studies, and protostars in this region. The three colour
image is given in Fig. 1 (right).

1 http://herschel.esac.esa.int/HIPE download.shtml
2 http://www2.iap.fr/users/roussel/herschel/index.html

2

Filamentary Structure

•  Two main filaments 

identified.

70,	
  160,	
  250μm	
  :	
  
18’’	
  

T. Hill et al.: Herschel’s perspective of heating on the Eagle Nebula
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Fig. 5. The dust temperature (top) and column density (bottom) profiles along the Eastern (left) and Northern (right) Filaments. The positions along
the filaments are plotted as a function of their projected distance from the cluster. The NGC6611 cluster is located at ‘0’ on the x-axis. The green
line on the dust temperature (top) is the dust temperature after removing the effects of cold sources within the filaments, following the relation of
Juvela & Ysard (Fig. 1; 2011, see footnote 6 and also Didelon et al., in prep). The thick vertical lines seen on the profile of the Northern Filament
indicates structures at the same distance from the cluster, as the filament tends to curve around the cavity.

increasing distance from the NGC 6611 cluster (5K over 4 pc),
before stabilising at a near constant temperature of ∼ 16K. This
temperature drop is greater than that seen in the Eastern Filament
(see Fig. 5, left). This difference is (partly) because the column
density profile is less homogeneous than the Eastern Filament,
with a large dip in the column density curve due to the presence
of the ridge. While the dust temperature used here is a line of
sight average for the filament, and the absolute values of the dust
temperature are likely to be slightly overestimated as a result, the
gradient identified in these Eastern and Northern filaments is still
present and robust.

Similarly to the Eastern Filament, a de-screening was ap-
plied to the Northern Filament, with NH2 ref , the median col-
umn density, taken as 4.4× 1022 cm−2. After applying this de-
screening, the dust temperature of the Northern Filament (green
line Fig. 5, right) decreases steadily over a much greater dis-
tance (5K over 8 pc). Even after de-screening, the drop in dust
temperature is greater than that in the Eastern Filament, which
may result from the less homogeneous column density in the
Northern Filament or it might also suggest a larger relative in-
clination along the line of sight, though spectral line (velocity)
information is needed to support this idea. Note that at distances
> 12pc the de-screening temperature is much lower (∼ 2K) than
that without de-screening. This is likely due to the fact that there
are very few dense cores in this portion of the filament (see Fig.
2), and thus the de-screening does not completely apply here.

4.3. NGC 6611 and its immediate surroundings

In order to determine the extent of the heating from the OB clus-
ter on low column density material (1.5× 1022 cm−2 or lower,
see Fig. 6), PA-averaged radial profiles of both the dust tem-
perature and the column density were taken covering all of the
dense star-forming material in the region, as well as the cavity
carved out by the NGC6611 cluster where there is more diffuse
material. These two radial profiles are presented in Fig. 6, with
narrower radial profiles covering the interesting features in this
region, e.g., the Pillars of Creation, given in Fig. A.2. The pro-
files, which take the median profile in the region rather than the

average to limit the inclusion and bias of protostars, were centred
at the position of the NGC6611 cluster.

It is immediately clear (see Fig. 6) that the dust temperature
is rather homogeneous close to the NGC6611 cluster (∼ 1.5 –
2 pc) but then it drops with increasing distance from the cluster.
The dust temperature profile coveringmost of the emission in the
region (Segment 1, Fig. 6) drops 2K within ∼ 4 pc, and contin-
ues to decrease with increasing distance. The dust temperature
profile of the cavity (Segment 2) indicates a homogeneous dust
temperature close to the cluster (< 2 pc), and then a steadily de-
creasing temperature with increasing distance from the cluster.
The column density is anti-correlated with the dust temperature,
a result which also applies to the smaller segments presented
in Fig. A.2. Each of the segments presented in Fig. A.2 display
different dust temperature profiles, suggesting different column
densities of material and/or three-dimensional effects.

The extent of heating by the NGC6611 cluster on the sur-
rounding environment, i.e., the penetration distance, is found to
be 3 pc to 15 pc as determined from the dust temperature profiles
(see the dust temperature gradient in Figs. 5, 6, A.2), depend-
ing on the region (see Table 1). It is not qualitatively different
from the penetration measured for 3 – 6× 1022 cm−2 filaments
(see Section 4.1 and 4.2).

5. Discussion & Interpretation

The Eagle Nebula (M16) is arguably one of the finest exam-
ples of high-mass star formation in the Galaxy, chiefly because
of the large number of high-mass stars forming in this region
(cf. Hillenbrand et al. 1993) and the remarkable visual effects
that this activity has had on the complex (e.g. the Pillars of
Creation, Spire, and the ‘Eagle’ in the optical). The Nebula’s
centre has largely been excavated by the radiation and power-
ful stellar winds of the OB stars within the central NGC6611
cluster. This radiation has shaped, and continues to shape, the
molecular cloud material, possibly even triggering the formation
of new stars and the dissipation of material.

6

T. Hill et al.: Herschel’s perspective of heating on the Eagle Nebula
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Fig. 5. The dust temperature (top) and column density (bottom) profiles along the Eastern (left) and Northern (right) Filaments. The positions along
the filaments are plotted as a function of their projected distance from the cluster. The NGC6611 cluster is located at ‘0’ on the x-axis. The green
line on the dust temperature (top) is the dust temperature after removing the effects of cold sources within the filaments, following the relation of
Juvela & Ysard (Fig. 1; 2011, see footnote 6 and also Didelon et al., in prep). The thick vertical lines seen on the profile of the Northern Filament
indicates structures at the same distance from the cluster, as the filament tends to curve around the cavity.

increasing distance from the NGC 6611 cluster (5K over 4 pc),
before stabilising at a near constant temperature of ∼ 16K. This
temperature drop is greater than that seen in the Eastern Filament
(see Fig. 5, left). This difference is (partly) because the column
density profile is less homogeneous than the Eastern Filament,
with a large dip in the column density curve due to the presence
of the ridge. While the dust temperature used here is a line of
sight average for the filament, and the absolute values of the dust
temperature are likely to be slightly overestimated as a result, the
gradient identified in these Eastern and Northern filaments is still
present and robust.

Similarly to the Eastern Filament, a de-screening was ap-
plied to the Northern Filament, with NH2 ref , the median col-
umn density, taken as 4.4× 1022 cm−2. After applying this de-
screening, the dust temperature of the Northern Filament (green
line Fig. 5, right) decreases steadily over a much greater dis-
tance (5K over 8 pc). Even after de-screening, the drop in dust
temperature is greater than that in the Eastern Filament, which
may result from the less homogeneous column density in the
Northern Filament or it might also suggest a larger relative in-
clination along the line of sight, though spectral line (velocity)
information is needed to support this idea. Note that at distances
> 12pc the de-screening temperature is much lower (∼ 2K) than
that without de-screening. This is likely due to the fact that there
are very few dense cores in this portion of the filament (see Fig.
2), and thus the de-screening does not completely apply here.

4.3. NGC 6611 and its immediate surroundings
In order to determine the extent of the heating from the OB clus-
ter on low column density material (1.5× 1022 cm−2 or lower,
see Fig. 6), PA-averaged radial profiles of both the dust tem-
perature and the column density were taken covering all of the
dense star-forming material in the region, as well as the cavity
carved out by the NGC6611 cluster where there is more diffuse
material. These two radial profiles are presented in Fig. 6, with
narrower radial profiles covering the interesting features in this
region, e.g., the Pillars of Creation, given in Fig. A.2. The pro-
files, which take the median profile in the region rather than the

average to limit the inclusion and bias of protostars, were centred
at the position of the NGC6611 cluster.

It is immediately clear (see Fig. 6) that the dust temperature
is rather homogeneous close to the NGC6611 cluster (∼ 1.5 –
2 pc) but then it drops with increasing distance from the cluster.
The dust temperature profile coveringmost of the emission in the
region (Segment 1, Fig. 6) drops 2K within ∼ 4 pc, and contin-
ues to decrease with increasing distance. The dust temperature
profile of the cavity (Segment 2) indicates a homogeneous dust
temperature close to the cluster (< 2 pc), and then a steadily de-
creasing temperature with increasing distance from the cluster.
The column density is anti-correlated with the dust temperature,
a result which also applies to the smaller segments presented
in Fig. A.2. Each of the segments presented in Fig. A.2 display
different dust temperature profiles, suggesting different column
densities of material and/or three-dimensional effects.

The extent of heating by the NGC6611 cluster on the sur-
rounding environment, i.e., the penetration distance, is found to
be 3 pc to 15 pc as determined from the dust temperature profiles
(see the dust temperature gradient in Figs. 5, 6, A.2), depend-
ing on the region (see Table 1). It is not qualitatively different
from the penetration measured for 3 – 6× 1022 cm−2 filaments
(see Section 4.1 and 4.2).

5. Discussion & Interpretation

The Eagle Nebula (M16) is arguably one of the finest exam-
ples of high-mass star formation in the Galaxy, chiefly because
of the large number of high-mass stars forming in this region
(cf. Hillenbrand et al. 1993) and the remarkable visual effects
that this activity has had on the complex (e.g. the Pillars of
Creation, Spire, and the ‘Eagle’ in the optical). The Nebula’s
centre has largely been excavated by the radiation and power-
ful stellar winds of the OB stars within the central NGC6611
cluster. This radiation has shaped, and continues to shape, the
molecular cloud material, possibly even triggering the formation
of new stars and the dissipation of material.
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increasing distance from the NGC 6611 cluster (5K over 4 pc),
before stabilising at a near constant temperature of ∼ 16K. This
temperature drop is greater than that seen in the Eastern Filament
(see Fig. 5, left). This difference is (partly) because the column
density profile is less homogeneous than the Eastern Filament,
with a large dip in the column density curve due to the presence
of the ridge. While the dust temperature used here is a line of
sight average for the filament, and the absolute values of the dust
temperature are likely to be slightly overestimated as a result, the
gradient identified in these Eastern and Northern filaments is still
present and robust.

Similarly to the Eastern Filament, a de-screening was ap-
plied to the Northern Filament, with NH2 ref , the median col-
umn density, taken as 4.4× 1022 cm−2. After applying this de-
screening, the dust temperature of the Northern Filament (green
line Fig. 5, right) decreases steadily over a much greater dis-
tance (5K over 8 pc). Even after de-screening, the drop in dust
temperature is greater than that in the Eastern Filament, which
may result from the less homogeneous column density in the
Northern Filament or it might also suggest a larger relative in-
clination along the line of sight, though spectral line (velocity)
information is needed to support this idea. Note that at distances
> 12pc the de-screening temperature is much lower (∼ 2K) than
that without de-screening. This is likely due to the fact that there
are very few dense cores in this portion of the filament (see Fig.
2), and thus the de-screening does not completely apply here.
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In order to determine the extent of the heating from the OB clus-
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see Fig. 6), PA-averaged radial profiles of both the dust tem-
perature and the column density were taken covering all of the
dense star-forming material in the region, as well as the cavity
carved out by the NGC6611 cluster where there is more diffuse
material. These two radial profiles are presented in Fig. 6, with
narrower radial profiles covering the interesting features in this
region, e.g., the Pillars of Creation, given in Fig. A.2. The pro-
files, which take the median profile in the region rather than the

average to limit the inclusion and bias of protostars, were centred
at the position of the NGC6611 cluster.

It is immediately clear (see Fig. 6) that the dust temperature
is rather homogeneous close to the NGC6611 cluster (∼ 1.5 –
2 pc) but then it drops with increasing distance from the cluster.
The dust temperature profile coveringmost of the emission in the
region (Segment 1, Fig. 6) drops 2K within ∼ 4 pc, and contin-
ues to decrease with increasing distance. The dust temperature
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Fig. 1. The 70 µm PACS image of M16 with well-known regions from the literature, as well as regions identified (the ring feature) and discussed
in this paper, indicated on the map. Note the extended coverage (East and South) provided by the two sets of PACS observations (see section 2)
compared with the common area coverage presented in the rest of the figures. Right: Herschel three-colour (60, 160, 250µm) composite image of
the Eagle Nebula. As a proxy, the hot regions in this map appear blue, whilst colder regions appear red.

Gvaramadze & Bomans (2008) for more on the NGC6611 clus-
ter.

We present here unprecedented high-resolution high-
sensitivity Herschel observations, spanning the far-infrared and
submillimetre regime, of the Eagle Nebula. These Herschel
data cover a much greater, unparalleled area around the cen-
tral NGC6611 cluster and the Pillars of Creation than previous
(space) observations and studies, which have focused more on
these respective regions. Here we present a structural analysis
of the entire M16 molecular cloud complex, with respect to the
well-known central OB cluster and the Pillars of Creation. A
conjunct paper by White et al. (2012) examines the stellar con-
tent of the M16 region as detected by Herschel. These authors
report evidence of a mini-starburst of high-mass star formation
in an active ridge adjacent to the ionised cavity around the Pillars
of Creation. Concurrently, Marston et al., (in prep) focus on a
comparison of the Pillars of Creation with existing studies.

2. Observations, and data reduction

M16 was observed on 2010, March 24 and September 11 – 12,
as part of the HOBYS guaranteed time key program (Motte et
al. 2010). In March, the SPIRE (250, 350, 500µm; Griffin et al.
2010) camera was inadvertently turned off and thus only the
shorter PACS (70, 160µm; Poglitsch et al. 2010) wavelengths
were mapped during this period. In September, the parallel-scan
mode of Herschel was used to simultaneously map with both in-
struments at the aforementioned five bands, using the slow scan
speed (20′′/s). For these September observations, the SPIRE
camera was aligned with the PACS data taken from March, al-
lowing 100% common area coverage (normally, the positional
offset between the PACS and SPIRE instruments results in a

small spatial offset between the PACS and SPIRE maps), as well
as an extended PACS coverage to the east and south. A total area
of ∼ 1.5 deg was mapped using two orthogonal scan directions.

Each of the March and September data were reduced
with version 5.0.1975 of the Herschel Interactive Processing
Environment (HIPE1; Ott 2010) adopting standard steps of the
default pipeline to level-1 including calibration and deglitching.
To improve the baseline subtraction, data taken during the turn-
around of the telescope were used. Calibration of the PACS data
has been found to be within 10% and 20% at 70 and 160µm, re-
spectively, whilst SPIRE calibration is within 10% for all bands
(see the respective observers’ manuals).

Maps were produced using the HIPE level-1 data and
v7 of the Scanamorphos software package2 which performs
baseline and drift removal before regriding (Roussel, 2011,
submitted). The two sets of PACS data, from March and
September, were combined within Scanamorphos using the
‘frames fromallscans’ function, to produce a single map of the
entire PACS coverage. For simplicity we hereafter refer to the
combination of the PACS data as the PACS data, rather than re-
ferring to the singular observational data sets. The highest reso-
lution 70µm Herschel image of the M16 region is presented in
Fig. 1 (left) with the full five bands presented by White et al.
(2012). This 70 µm image traces the hot dust, comparable to
Spitzer studies, and protostars in this region. The three colour
image is given in Fig. 1 (right).

1 http://herschel.esac.esa.int/HIPE download.shtml
2 http://www2.iap.fr/users/roussel/herschel/index.html
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found in regions of high column density where filaments merge
(all within the maximum cluster size of 7 pc). The only excep-
tion is the H II-region/molecular cloud interface (north-west of
the dashed line in Fig. 1). Neither cluster Pl2 nor the majority
of MDCs lie in regions of high confidence. Here, shock com-
pression of the expanding ionization front with subsequent
fragmentation into dense cores may be at work, as also sug-
gested by the PDFs of this region (see next Sec. 2.2).

Fig. 2. Column density map of the Rosette molecular cloud, expressed
in visual extinction. The six regions which were selected to determine
individual PDFs are indicated by polygons.

2.2. PDFs from Herschel column density map of Rosette

Figure 2 shows the column density map including our divi-
sion into several sub-regions, reflecting different morphological
and physical properties. (1) and (2): interface of H II-region and
molecular cloud with many UV-exposed pillars, (3): dense,
main SF region of the RMC, including several IR-clusters
(Pl4/5/6), (4) and (5): more diffuse and colder gas with dense,
SF clumps (Pl7 in region 4 and Pl3 in region 5), (6): quiescent
and cold remote part of the cloud without SF activity.

The PDF obtained for the whole molecular cloud is dis-
played in the appendix (Fig. 6). A log-normal PDFwith a width
of ση=0.63 is fitted up to AV =3m (noise level ≈1m). The ex-
cess at large column densities (AV =3–20

m) follows a power law.
The slope corresponds to a volumetric, radial density profile of
n ∝ r−0.65 (Federrath et al. 2011). The exponent is smaller than
the one typically found for dense cores (–1.5 to –2), suggesting
that on large (cloud)-scales, turbulence is the dominating process
compared to gravity.

Figure 3 displays the PDFs for the 6 subregions, all showing
a log-normal distribution at low AV and a more complex curva-
ture or several peaks at higher AV . Particularly interesting are
the PDFs of the UV-exposed regions 1 and 2 (the OB-cluster is
only 10–15 pc away in projected distance) because there are two
’peaks’ (at AV≈3m and 6m). A similar double-peak PDF was
observed (Schneider et al., priv. comm.) using a column den-
sity map of RCW120 (Zavagno et al. 2010), a very good ex-
ample of a simple, ’bubble’-like geometry. We interpret the
second peak as arising from a higher column-density com-

Fig. 3. PDFs for the six subregions in the Rosette, labeled from 1 to 6.
The green line indicates the fitted PDF. The AV -value of the deviation
of the PDF from the log-normal form is shown as a dotted vertical line
and the width of the PDF (ση) is given in each panel.

ponent due to gas compression by the expanding ionization
front. This interpretation is supported by recent numerical
models including turbulence and radiation (Tremblin et al.,
in prep.) that exhibit double-peak PDFs depending on the
turbulent state of the cloud and the initial curvature of the
cloud surface. We thus do not expect to see this feature in
all UV-illuminated environments. Region 3 is the central SF
region with the highest column density (up to 70m). The PDF
here is broad (ση=0.41), shows two ’breaks’ (around 9m and
20m), and has a peak value at AV ≈5m (all other PDFs peak at
≈2m). The PDFs of regions 4 and 5 cover a lower-density regime
and deviate from the log-normal form around AV ≈4m. The most
quiescent region 6 is the only one displaying a well defined log-
normal PDF with the smallest width (ση=0.19).

3. Discussion

3.1. The Density Structure of the RMC

In Csengeri et al. (2012), we found that low-mass SF regions
have a break in the log-normal shaped PDF at AV ≈4m, and high-
mass SF regions around AV ≈8m. We now show that these two
breaks in AV are found in the PDFs of subregions within one
single cloud, the Rosette GMC. In particular, the common low-
AV break suggests that there is no fundamental difference in the
density structure of low-mass and high-mass SF regions up to
an AV of typically 7–10m. Above this value, the tail(s) in the
PDFs are associated with SF activity. Namely, if gravity starts
to play a role during molecular cloud formation, an increasing
fraction of gas will exceed a certain threshold of column den-
sity/extinction and form stars. Other studies (e.g., Lada et al.
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The Herschel images of HOBYS reveal

-  Networks of filaments among which ‘‘ridges’’ which are forming high-

mass stars 


Ridge = well-ordered, sub-structured, high-NH2 dominating filament, that may 
host mini-starbursts


Turbulence could have formed most filaments, more dynamic scenario 
(converging flows? filaments merging?) are proposed to form ridges.


-  Feedback effects of OB star clusters on molecular clouds such as 
heating, pillars and triggered star formation


-  The temperature of high-mass star forming sites is subject to 
variations due to the proximity of OB clusters


-  Can affect the parameters derived from SED fitting
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