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AST 300B
Radiation & Matter

Feryal Ozel & Yancy Shirley
MWF 2 – 3 EDUC 432

ISM is Dynamic

• ISM is far from thermodynamic equilibrium

• Non-equilibrium state maintain by input of 
“free energy”
– UV radiation from stars
– kinetic energy injection from Supernovae

• ISM exists in “Phases”

HIM: Hot Ionized Medium

• T > 105.5 K nH ~ 0.004 cm-3 fV ~ 0.5 ?

• Shock heated & Collisionally ionized

• Cooling via:
– Adiabatic expansion

– X-ray emission

• Observed by:

– UV and X-ray emission

– Radio synchrotron

HIM: Hot Ionized Medium
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Example : NGC 4631 HIM: Hot Ionized Medium

NGC 4631 Milky Way analogue

X-ray Chandra
Optical HST

Intra-Cluster Gas

Bullet Cluster Clowe et al.

Dark Matter 
Hot X-ray Gas WIM : Warm Ionized Medium

• T > 104 K nH ~ 0.3 - 104 cm-3 fV ~ 0.1 

• Photoelectric heating (H,He) and photoionized

• Cooling via:
– Optical line emission

– Free-free emission

– Fine structure line emission

• Observed by:

– Optical line emission

– Thermal radio continuum
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Warm Ionized Medium: HII Regions Warm Ionized Medium: HII Regions
8 um PAHs

Warm Ionized Medium: PN Warm Ionized Medium: HII Regions

WHAM Ha Survey

Ha 
656.3nm
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HI is 2 Phase Medium – WNM/CNM

Draine Physics of the ISM and IGM

WNM: Warm Neutral Medium

• T ~ 5000 K nH ~ 0.6 cm-3 fV ~ 0.4 
• Photoelectric heating (dust) and ionized by 

starlight & cosmic rays
• Cooling via:
– Optical line emission
– Fine structure line emission

• Observed by:
– HI 21 cm emission & absorption
– Optical, UV absorption lines

WNM: Warm Neutral Medium

Howk et al. 1999 ApJ, 525, 253

CNM: Cold Neutral Medium – Cool HI

• T ~ 100 K nH ~ 30 cm-3 fV ~ 0.01 
• Photoelectric heating (dust) and ionized by 

starlight & cosmic rays
• Cooling via:
– Fine structure line emission

• Observed by:
– HI 21 cm emission & absorption
– Optical, UV absorption lines
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CNM: Cold Neutral Medium – Cool HI

HI Map

CNM: Cold Neutral Medium – Diffuse H2

• T ~ 50 K nH ~ 100 cm-3 fV ~ 0.001 

• Photoelectric heating (dust) and ionized by 
starlight & cosmic rays

• Cooling via:
– Fine structure line emission

• Observed by:
– HI 21 cm emission & absorption

– CO emission
– Optical, UV absorption lines

Polaris Flare (Diffuse Cloud Complex)

Herschel 250, 350, 500 um

Carbon Monoxide Traces 
Molecular Clouds

Optical CO J=3-2   345 GHz
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CNM: Cold Neutral Medium – Dense H2

• T ~ 10-50 K nH ~ 103 - 106 cm-3 fV ~ 10-4

• Photoelectric heating (dust) and ionized and 
heated by cosmic rays

• Cooling via:
– CO line emission

– CI fine structure line emission

• Observed by:

– CO emission

– Dust thermal infrared emission

Orion ~ 440 pc – Nearest High Mass SFR

CO 1-0 emission

CO 1-0

CNM: Cold Neutral Medium – Dense H2

NGC 2170 (Monoceros) Credit: Adam Block/Mount Lemmon Sky Center
Credit:  
Joao Alves

Optical ImageInfrared ImageSubmm Image
B68 – Starless Core
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CNM meet WIM PDR: PhotoDissociation Region

Orion Bar is an edge-on PDR

CNM meet WIM – Orion Proplyds (Disks) Milky Way
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Milky Way

Draine Physics of the ISM and IGM

• Total mass within 15 kpc 1011 Msun

• 5 x 1010 Msun Stars
• 5 x 1010 Msun Dark Matter
• 7 x 109 Msun ISM Gas

• Hydrogen In form:
• 60% H atoms
• 20% H2 molecules
• 20% ionized

ISM Energy Densities

Draine Physics of the ISM and IGM


