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UICK OVERVIEW
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A Early Omshl et-al 99 radlo map
suggested at Ieast I4 cores, I outflow.
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UICK OVERVIEW
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QUICK OVERVIEW
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MOLECULAR CLOUD CORES
and why so much hype...

Giant Molecular Clouds |m————| Fraomentation |=— Gravitational Collapse

mostly uncertain

How important is turbulence
How important are magnetic fields
What is the mass distribution of fragments
How do you define a clump?
What is a core?

under discussion

How important is turbulence
How important are magnetic fields
What is the role of feedback
How fast is the process
What is the standard efficiency of transformation?
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The younger the cloud, the better we
understand Inrtial conditions

Wednesday, September 12, 12



MOLECULAR CLOUD CORES
and why so much hype...
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2MASS PIPE NEBULA
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Distance, morphology and projection of
cloud against galactic bulge allowed to
resolve cloud down to the scale of
prestellar cores. Near IR excess method to
estimate extinction, then column density

356°
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2MASS PIPE NEBULA
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Core initial mass function:
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HI-RES NEAR-IR SURVEY

Pipe Nebula. 2MASS Dust Extinction Mop
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Roman-Zuniga, Alves, Lada & Lombardi, 2010

*While the map of LAAO6 permitted a great “in bulk” view of the core population, higher spatial resolutions are needed to
resolve the internal structure of the cores themselves. That step is crucial to determine the physical properties of
individual cores and their possible stage of evolution towards collapse into stars.

*ESO SURVEY: 55 FIELDS OBSERVED WITH SOFI@NTT-3.6m, 7 FIELDS WITH ISAAC@VLT-8.2m, and 21 FIELDS
OBSERVED with OMEGA2000@CAHA-3.5m

*5-7 magnitudes deeper than 2MASS -> ~5-20x increase in background source density, allow for 2-5 fold in spatial
resolution
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EXTINCTION
AW IN B59

Calculate the relative extinction wr to K
band using the slope of the distribution of
color excess. Pivot at AW/Ak=1.55
(Indebetouw et al. 2005), down to Av=60

mag!

The extinction law towards the dense
cloud of B59 shows at most a moderate
departure from the one inferred in
previous studies mixing observations of
thin and thick clouds.

We find no evidence of significant grain
growth as a function of density in a cloud.
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Roman-Zudniga et al 2008
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B59 IN HIGH RESOLUTION

Barnard 59 NICE 2MASS+NTT+VLT+SST Dust Extinction Map
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High Dynamic Range:Av < 89 mag or N(H2) < 8.45 x 1022 cm™
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B59 IN HIGH RESOLUTION

ESO vs 2ZMASS
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Context of B59 young cluster in its forming cloud

Evidence of feedback effects
Little structure in central core

Dense gas mostly quiescent!

Roman-Zudniga et al 2010
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SPEX SURVEY OF B59

e An spectroscopic survey of YSOs in B59 was performed with SpeX@IRTF.

Most members were classified as M and K stars
Age of B59 estimated to be ~2.6 Myr => 6 tg SFE/tayn~6%
o Agrees well with SF simulations that include a B field + feedback
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Covey et al 2009
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B59 IN HIGH RESOLUTION

Barnard 59 MAMBO-II Dust Emission
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Declination

PIPE NEBULA: MOST

Pipe Nebula STEM NTT+VLT+2MASS NICER Dust Extinction Map
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PIPE NEBU

A: MOST

Pipe Nebula SMOKE NTT+VLT+2MASS NICER Dust Extinction Map
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Different regions of the cloud reveal slightly different
evolutionary states within the cloud

B59 has already organized towards collapse, but the rest of the
cloud is still in a very early stage. Bowl may be next.

Cores show significant substructure, below Jeans length

Roman-Zdniga et al 201 |
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No. of Peaks
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PIPE NEBULA: MORE CLUES
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Duarte-Cabral et al 2012: outflows from YSOs revealed in 12CO emission maps.
Relation to structures observed in maps are now more clear. Outflows may be
increasing turbulent energy to the cloud, effectively retarding collapse.
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PIPE NEBULA: MORE CLUES
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Nielbock et al 2012. EPoS Barnard 68. Globule dissected from optical to sub-mm
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SMOKING THE PIPE...

eThe NTT and VLT high resolution near-IR imaging allowed to create exquisite,
highly detailed maps of column density of a nhearby molecular cloud.

eThe high spatial resolution achieved has allowed us to peek at the interior of
prestellar cores and clumps.

*The Pipe Nebula is a very young cloud and it may contain some crucial keys for the
puzzle of the initial conditions of star formation. Some of those keys have already
been revealed.

eB59, a small stellar clusters with no massive members is also the only spot in the
Pipe Nebula that has collapsed into multiple stars.

eWhat has hold the rest of the Pipe Nebula against protostellar collapse for almost 3
Myr?

e How does the Pipe Nebula compare to other clouds observed in similar conditions?

eESO capabilities for large scale infrared surveys at high resolution will allow us to do
comparative studies in other complexes.

eEvidently, HERSCHEL and ALMA will play a main role in the near future.

e*Nowadays the Pipe Nebula stands as one prime target in virtually all major surveys.
30+ major publications have started to dissect its properties. Not bad for a molecular
cloud that until 2006 had been barely observed.

Roman-Zdniga et al 2012 (in. p.)
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