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Observations

‘21 c¢cm lines.

*Emission.

Absarption

*Absorption

velocity. Tick marks labeled 0, 1, 2, and 4 on ab:s 1 of left panels show the LSR velocity
expected for gas at a distance of 0,1,2 4 kpe (for an assumed Galactic rotation curve). Upper
right: dN(H I)/dv for different assumptions regarding the relative (foreground/background)
locations of cold absorbing gas and warm gas seen only in emission. From Dickey et al.
(1978).




‘21 c¢cm lines.
*Emission.
*Absorption

‘Velocity gives radial
distribution.

Observations

Figure 29.3 Radial distribution of H I from Makanishi & Sofue (2003). At & = 11 kpe, the H
I surface density declines exponentially. Also shown is the radial distribution of H II from
Figure 11.4




Observations

21 cm lines. *Absorption in Lyman

*Emission. lines.

Absorption ‘Ol 1s a good tracer:
‘Velocity gives radial ‘most of Ol 1s 1n gas.
distribution. Ol dominant species.
‘Other measures: IR correlated with 21 cm.

*Optical (absorption

line) observations.

*I[R observations from
dust.



SFD 100 micron correlation
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GALEX FUV-IR Correlation
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Heating and Cooling

‘Heating mechanisms: ‘Gas by UV and X-rays.

‘Photoionization. ‘Dust by starlight.

‘Cosmic rays.



Heating and Cooling

‘Heating mechanisms: ‘Gas by UV and X-rays.
‘Photoionization. ‘Dust by starlight.
‘Shock heating. ‘Cosmic rays.

‘Dominant heating
mechanism 1s
photoionization of dust.

*Mostly from small
grains.



Observations of Molecular Gas




Cooling

‘Cooling by line emission
‘Lya lines above 10,000 K

‘Forbidden lines of CII
and OI below 10,000 K.

rate for neutral H 1 gas at temperatures 10 < 7' =< 2 = 10* K for two

for T= 10 K, the cooling i1s dominated by two fine structure lines: [C



Two Phase Model

‘Field et al. (1969)

‘Balance heating and
cooling.

‘Add pressure equilibrium.

‘Only two stable phases:

‘WNM
‘CNM

sity nyy, for gas heated by
1d photoelectric heating by dust grains. Two lines of constant 7" are shown,

state temperature T as a function of thermal pressure p. For 3200 < p/k 4400 cm ™~
M solution, and an

intermediate temperature equilibrium that is thermally unstable.



‘Field et al. (1969)

‘Balance heating and
cooling.

‘Add pressure equilibrium.

‘Only two stable phases:

‘WNM
‘CNM

[ _ine emission.

Two Phase Model

Table 30.1 Conditions at Stable Thermal Equilibria for p/k = 3800 cm 24
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Molecular Hydrogen

-How does one form Hz?



Molecular Hydrogen

-How does one form H? -H+H—>H, + hv

‘Symmetric so no electric
dipole.

‘Rate will be low.

-3 body reaction unlikely.



Molecular Hydrogen

-How does one form H? -H+H—>H, + hv

Start with H+e — H +  -Rate 1.9x10°'° T ¢cm? s°!

hv ‘Rate 1.9x10° cm?® s!
-H+H — H2 + KE

‘Rate of formation 1s slow
because H 1s easily
destroyed.



Molecular Hydrogen

Grain catalysis. ‘H atom binds to grain
‘Rate dependent on grain surface.
surface area + cross *Walks across surface.
section. -2 atoms meet they
combine.
‘Release 4.5¢V.

*Eject molecule



Molecular Hydrogen

Grain catalysis.

‘Rate dependent on grain
surface area + cross
section.

«and € 1s the conversion
efficiency of H — H,



Molecular Hydrogen

‘Destroyed by ‘In diffuse clouds the
photodissociation. steady state level of H, 1s
‘As H density increases, low.

self-shielding becomes

important.

Shielding due to

extinction.



Observations of Molecular Clouds

‘Diffuse Clouds
A, <1

‘Translucent Clouds
-AV <5



Observations of Molecular Clouds

‘Diffuse Clouds
-AV |
‘Translucent Clouds
A, <5
‘Dark Clouds
A, <20
‘Self-gravitating.



Observations of Molecular Clouds

‘Diffuse Clouds

A, <1
‘Translucent Clouds
A, <5

‘Dark Clouds

A, <20

‘Self-gravitating.
‘]RDCs



Observations of Molecular Clouds

‘G1ant Molecular Clouds
*Size > pc .

e o o

“Complex
*Size > 100 pc
-Mass > 10° M _



Mass Spectrum

*dN/dM oc M~

L}

10* 10°

Myr  (Mg)

Fig. 3.—The molecular cloud mass spectrum aN /dM. A fil to the data
above M =T = 10 M, gives { o M~ There are 15 clouds in each
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Star Counts

-‘Barnard 68.

‘Extinction blocks stars in
visible.

‘Optical depth less 1n IR.



Emission Lines

-H, symmetric molecule so no lines.

‘Observations of CO lines.
. =1.8 x 10" H. cm?/K km s!
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Chemistry

‘Important processes: ‘Neutral-neutral exchange
‘Photoilonization: ‘C+OH — CO+H
-H, cannot be ‘lon-neutral exchange

photoionized because  -Rgadiative association

lonization energy 1s )
1543 eV ‘A+B — (AB) — AB + hv

‘Photodissociation:

*Self-shielding
important for many
species



Some routes to the synthesis of

carboxy, hydrocarbon and cyanopolyyne molecules OUT OF THIS WORLD
in dense interstellar clouds A wealth of molecules is found in interstellar clouds
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NOTE: Evidence supggests
that much larger melacules
auch as polycyclic aromatic
hydrocarbens and fullerenas
are also present.

SOURCE: MNational Radia
Astronormy Observatory

Chemical Pathways
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