Molecular clouds
(see review in astro-ph/990382)
(also CO [12.1,12.2])

* Massive interstellar gas clouds

« Upto ~10°Mg

* 100’s of LY in diameter.

+ Giant Molecular Clouds (GMCs) defined to be M > 10* M
* High density by interstellar medium standards

» Up to 105 atoms per cm?

» Shielded from UV radiation by dust, so atoms are combined into
molecules.
* H, not easily detectable
* but also H,0, NH,, CO plus much more complex molecules.
* These form emission lines in observable passbands
* CO is usual tracer.
— mm wave observations (= low angular resolution)
* All stars form in molecular clouds.
*  Vast majority form in GMC’s.
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Star-forming region in M33

NGC 604 1500 LY

* Vast complex of molecular clouds & HII regions.
e In outer spiral arms of the nearby galaxy M33.
* Contains 200 O stars.
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Model of evolution of
box containing 222 x
Jeans masses (1000 M)
breaking up into clumps.

N

C'80 (optically thin) ~ CS (high density) > proto-stellar cores
Figure 4. Hierarchical cloud structure. The three panels show a representative view gl\qng ~ IMF S]ope.
from cloud to clump to core. The bulk of the molecular gas (cloud; left panel) is best
seen in CO which, although optically thick, faithfully outlines the location of the Ha.
Internal structure (clumps; middle panel) is observed at higher resolution in an optically
thin line such as C'®*0. With a higher density tracer such as CS, cores (right panel) stand
out. The observations here are of the Rosette molecular cloud and are respectively, Bell
Labs (90”), FCRAO data (50”), and BIMA data (10”). R. Klessen & A. Burkert: Fi

Complex internal structure

* MCs are > 50% molecular gas by mass.
* but only ~ 20% by volume.
« internal clumps and filaments
* 100’s of clumps in a GMC
* but most clumps not gravitationally bound
* do not form stars
* pressure-confined
* majority of stars form in clusters in a few
of the most massive clumps.
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Computer simulation of Star Formation in a
Molecular Cloud

By

Matthew Bate,
University of Exeter
UK

* Collapse and fragmentation of 50 solar-mass cloud.
 Initially 1 light-year in diameter.

Star formation thought to propagate in wave through
dense molecular clouds

Protostars

Young

Molecular cloud

Compressed
gas

* Photons from very luminous O stars heat and blow away surrounding
gas.

* So slightly older clusters no longer shrouded by dusty gas

* Compression of gas further inside cloud causes inward wave of star
formation (“triggered” star formation).




Nearby star-forming regions: [EZEEEE

SOAR mosaic

NGC 3603

30 Doradus, in the
Large Magellanic Cloud
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Permitted vs. Forbidden Emission Lines

Emitted photon carries both energy & angular momentum.
» atom must supply both correct AE and Al
» + Pauli exclusion principle: no 2 electrons can have
same values for all 4 quantum numbers: n,1,s,m
Permitted transition:
« Simple electric-dipole radiation.
+ Parity of wavefunction changes.
Forbidden transition:
» Electric quadropole, magnetic dipole.
* Parity stays same =» lower probability.

Probability expressed as inverse lifetime in upper level: Aij
+ Permitted transitions: HB, Lya, Hell 4686, etc. 1/A ~ 108 s
* Forbidden transitions: [OIII] 5007 1/A= 48s
[OIT] 3726 1/A=5500s
[NII] 6584 1/A= 330s
etc.
In dense gases (photospheres, Earth’s atm. at sea level, etc.)
* Collisional de-excitation timescale << 1/A of forbidden lines.
In HII regions
» Collisional de-excitation timescale =~ 1/A of forbidden lines.

H()

af
Hydrogen orbits, n=4.
Different 1 =¥ different angular
momentum

4 o L 5 e o F
= = %/.’ ‘
= ] PRy

He®




