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Hydro vs. ISM



Hot ISM



Gas phases (in the Milky Way)

Phase T  
(K)

nH  
(cm-3)

fV 
-

P/kB 
(K/cm3)

Comments

H II 
23%

Hot ionized medium (HIM) 105.7 0.004 0.5 4400 Collisionally ionized, shock-heated by 
supernovae and stellar winds

H II regions 10000 0.1-104 0.01 varies Photo-ionized nebulae around stars; density 
and pressure vary across these bubbles

Warm ionized medium (WIM) 8000 0.2 0.1 4400 Diffuse photo-ionized gas, large scatter in 
temperature and density

H I 
60%

Warm neutral medium (WNM) 8000 0.5 0.4 4400 About 60% of HI by mass; in pressure 
equilibrium witn CNM

Cool neutral medium (CNM) 100 40 0.01 4400
Significant fraction of the mass despite small 
volume filling fraction 

H2 

17%

Diffuse molecular gas 50 150 0.001 4400 Self-shielded against dissociation, but not 
dense enough to form stars

Molecular clouds 10-50 103-106 0.0001 >10000 The site of star formation; more or less 
gravitationally bound



§10.1 • Two-phase medium in thermal equilibrium



Pressure

• Pressure is often expressed as P/kB 
 

 

• Typical pressure of hot gas in ISM is  
 
 

P = nkBT ⟹
P
kB

= nT

P
kB

≈ 3000 − 5000
K

cm3



Cooling curves

Plöckinger & Schaye 2020
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Cooling curve revisited

Draine 30.4, 34.1§ §

Brems- 
strahlung

Atomic lines (ionized gas)

Atomic lines (neutral gas)

small photo-ionized 
fraction



Why is there a multi-phase ISM?

Draine 30.4 • Slide inspired by K. Sandstrom§
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Why is there a multi-phase ISM?

Draine 30.4 • Slide inspired by K. Sandstrom§
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Is the model realistic?

Vazquez-Semadeni 2009



Is the model realistic?

Vazquez-Semadeni 2009 • Goldbaum et al. 2016



§10.2 • Three-phase medium  
with supernovae as pressure regulators



Pressure equilibrium: an old idea

Spitzer 1956



McKee & Ostriker 1977



Three-phase model of the ISM

Draine 39.4 • McKee & Ostriker 1977§



§10.3 • Hydrostatic balance



Know your Ostrikers!

Ostriker et al. 2010

Jerry Ostriker Eve Ostriker



Gravity

Ostriker et al. 2010 • Image: D. Hager & T. Grossmann

Thermal + other pressure

Hydrostatic balance

NGC 7331
Model

NGC 7331



SILCC project (website) • Walch et al. 2015 

https://hera.ph1.uni-koeln.de/~silcc/


§10.4 • Feedback-regulated two-phase equilibrium



High resolution vs. large volume

Illustris: Vogelsberger et al. 2013, 2014ab • FIRE/FIRE-2: Hopkins et al. 2014, 2017

Illustris : m* ≈ 106M⊙ FIRE : m* ≈ 3500 M⊙



The ISM model in Illustris

Cold clouds 

ρc, Pc, Tc, uc

Hot medium 

ρh, Ph, Th, uh 

🔆

Springel & Hernquist 2003

In each star-forming cell:



The ISM model in Illustris

Supernovae:

🔆}

Star formation:

Cloud evaporation: 🔆

Cooling:

Springel & Hernquist 2003



The SH03 model: equilibrium solution

Total energy:

Energy of hot phase:

Energy of cold phase:

ρ   →   P, T, SFRInput / output

Springel & Hernquist 2003



Predictions

Springel & Hernquist 2003
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How can we do better?

Braun & Schmidt 2012



J-P Metsavaino (amateur photography)



Draine 
• §30.4 

• §39.4

Reading


