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Physics 224 
The Interstellar Medium

Lecture #16: Observations of Molecular Gas 
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Observations of Molecular Gas
Distribution of Molecular Gas in the Milky Way:

Dame et al. 2001
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Observations of Molecular Gas

Heyer & Dame 2015

Scale Height of CO

Distribution of Molecular Gas in the Milky Way:
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Observations of Molecular Gas

Surface Density

Distribution of Molecular Gas in the Milky Way:

Heyer & Dame 2015Nakanishi & Sofue 2006
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Observations of Molecular Gas

Dame et al. 1987
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Observations of Molecular Gas
“Molecular Clouds”

Dame et al. 2001
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What are “clouds”?

Wilson et al. 2005
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Molecular Clouds
• Observational definition: Discrete regions of CO 

emission in position-position-velocity space.

MOPRA Galactic Plane Survey 12CO ppv - Braiding et al. 2015
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Heyer & Dame 2015Taurus Molecular cloud
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Molecular Clouds
• Observational definition: Discrete regions of CO 

emission in position-position-velocity space.

Giant Molecular Clouds (GMC):

Blitz 1993 - review for Protostars & Planets
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Molecular Clouds
• Observational definition: Discrete regions of CO 

emission in position-position-velocity space.

Giant Molecular Clouds (GMC):

Masses ~103 - 106 M⦿

Size ~ 101 - 102 pc

GMC is the largest unit,  
it can have substructure &  

more than one can be 
clustered together in a  

“GMC complex”.
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Molecular Clouds
• Self-Gravity 

• Turbulence 

• Substructure 

• Magnetic Fields 

• Mass Spectrum 

• Lifetimes 

• Star Formation

Observed Characteristics
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Molecular Clouds
Observed Characteristics

• Self-Gravity 

• Turbulence 

• Substructure 

• Magnetic Fields 

• Mass Spectrum 

• Lifetimes 

• Star Formation

Continuing controversy over whether 
GMCs are gravitationally bound. 

Regardless, αvir = 5σvR/GM ~ order unity

Kauffman et al. 2013
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Molecular Clouds
Observed Characteristics

• Self-Gravity 

• Turbulence 

• Substructure 

• Magnetic Fields 

• Mass Spectrum 

• Lifetimes 

• Star Formation

Also note that GMCs are 
“over-pressurized” wrt diffuse ISM:

WNM/CNM: P ~ 3800 cm-3 K 

GMC (T=10, n=104): P ~ 105 cm-3 K

Without self-gravity, 
GMCs would be transient.
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Molecular Clouds
Observed Characteristics

• Self-Gravity 

• Turbulence 

• Substructure 

• Magnetic Fields 

• Mass Spectrum 

• Lifetimes 

• Star Formation

Larson 1981

Velocity dispersion is >> sound speed, 
supersonic turbulence provides support 

against gravity.

“Larson’s Laws”
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Molecular Clouds
Observed Characteristics

• Self-Gravity 

• Turbulence 

• Substructure 

• Magnetic Fields 

• Mass Spectrum 

• Lifetimes 

• Star Formation

Log-Normal PDF of column density 
observed in molecular clouds.

Kainulainen et al. 2009
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Molecular Clouds
Observed Characteristics

• Self-Gravity 

• Turbulence 

• Substructure 

• Magnetic Fields 

• Mass Spectrum 

• Lifetimes 

• Star Formation

Actively star-forming clouds show 
power-law tail at high column.

Kainulainen et al. 2009
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Ways to quantify substructure in GMCs: dendrograms 
(Rosolowsky et al. 2008)
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Molecular Clouds
Observed Characteristics

• Self-Gravity 

• Turbulence 

• Substructure 

• Magnetic Fields 

• Mass Spectrum 

• Lifetimes 

• Star Formation

Sub-structures show scaling of L, σv, M.

Larson 1981
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Molecular Clouds
Observed Characteristics

• Self-Gravity 

• Turbulence 

• Substructure 

• Magnetic Fields 

• Mass Spectrum 

• Lifetimes 

• Star Formation

“Larson’s Laws” - 
clouds & their sub-structures  
show correlations between  
size, mass and line-width. 

Leroy et al. 2015
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Magnetic Fields in the ISM
• Synchrotron emission - from charged particles interacting with the 

magnetic field. 

• Faraday Rotation - different phase velocities of right & left 
circularly polarized light in the presence of B-field leads to 
rotation of polarization angle 

• Polarization - of starlight due to dust grains aligned along B-field 
or of dust emission from aligned grains 

• Zeeman splitting - splitting of fine structure levels in atoms/
molecules due to interaction of electron magnetic moment and B-
field

Observational Tracers:
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Magnetic Fields in the ISM
Crutcher 2012

Polarization of  
starlight in Taurus 
due to alignment 

of dust grains 
with the B-field.

Magnetic fields review: 
Crutcher 2012 ARA&A 

Grain alignment review: 
Andersson et al. 2015 ARA&A plane of sky B-field
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Hyperfine Transitions

Classical non-relativistic atom

Bn
→

µs
→

spin magnetic moment 
of electron interacts with 
B-field from nuclear spin

“hyperfine structure” 
transitions 

interaction between 
magnetic moments of 

nucleus and e-

E ~ 13.6 eV (me/mn)(α2Z4/n5)
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Includes:  
-fine structure transitions (transitions within a term, e.g. 

2P1/2 - 2P3/2 158µm line of [CII] within 2P term) 

-hyperfine structure transitions (transitions within a given 
level of a term caused by splitting due to interaction of 

electron & nuclear spin, e.g. HI 21 cm spin-flip transition)

Fine & Hyperfine 
are “forbidden” 

parity doesn’t change, 
ΔS ≠ 0

Hyperfine Transitions
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Magnetic Fields in Molecular Gas
Zeeman Effect Zeeman splitting is  

largest when there is 
an unpaired electron 

in outer shell: 
e.g. HI, OH, CN, CH,  

CCS, SO, and O2  

Even then, energy 
shift is small. 

But, shifted levels 
produce different 

circular polarizations.


