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Main issue
● How do obtain pressure equilibrium of WNM and CNM from calculation?
● P/k = T᷿ni → Calculate ni at selected n and T
● Previous works

○ 1969 Field et. al.: cosmic ray only → estimated ionization rate too high
○ 1970s, 1978 Draine: photoelectric heating of dust → can heat CNM only
○ 1988 Ferrière et. al.: hydrodynamic wave dissipation → estimated pressure too low
○ 1994 Bakes and Tielens (BT): Photoelectric heating of small dust grain & PAH

● This work try to deliver the first “complete picture” for all dominating physical 
process



WNM and CNM

Wolfire Draine

WNM CNM WNM CNM

Temperature ~8000K >~50K ~5000K ~100K

Density 0.37 cm-3 * 61 cm-3 * 0.6 cm-3 30 cm-3

ne/n ~0.1

Pressure P/k ~103-104 K∙cm-3 ~3000 K∙cm-3



Involved physical processes
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Computational flow chart
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Phase diagram and physical processes
CNM

WNM

● dlog(P)/dlog(n)>0 → stable

● Equilibrium region: 990<P<3600, 

8700>TWNM>5500, 210>TCNM>41

● Photoelectric heating dominates heating 

process; smaller dependence on density

● Dominating cooling process depends on 

density (temperature)
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Gas phase abundance

A = ni / n

1.0∙10-1

3.0∙10-4

4.6∙10-4



Problems
● Thermal time scale of WNM is longer than pressure fluctuation timescale


