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Heating and cooling 

◆ Free electrons have a kinetic temperature, 
the only real temperature in the gas 

◆ Heating is any process that gives energy to 
the gas, increasing the temperature 

◆ Cooling is any process that removes energy 
from the gas, lowering the temperature 

◆ Thermal equilibrium is when heating and 
cooling rates match 

A Maxwellian velocity distribution 
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Thermal equilibrium 

◆ Heating by radiation field in photo case 
◆ In coronal case external process sets 

temperature 
◆ Cooling is anything that converts kinetic 

energy into light that escapes 

Photoelectric heating 

◆ Depends on SED shape 
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SED, H0 ion limit, photoelectron energy 

SED <hv-13.6eV> 
H II 52.7 kK 

PN 266 kK 

AGN 321 kK 

Thermal 10 – 20 kK 

Let’s try different SEDs 

◆ Density 4, constant temperature, one zone, 
ionization parameter 
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Photoelectric heating vs depth 

◆ Dependence on depth 
– Spectrum, heating, across H+ region 
– Hii_paris 
– Save continuum output 

◆ Save heating 

Photoelectric heating 
◆ Heating proportional to photoionization 

rate, which is equal to ne np α, the 
recombination rate 

◆ Heating depends on density squared 



1/13/15	  

5	  

Cooling 

◆ Anything that converts kinetic energy 
(heat) into light (which escapes) 

◆ Collisional excitation of normally most 
important cooling process 

[O III] 
◆ AGN3 Fig 3.1 

2014 Cloudy workshop !



1/13/15	  

6	  

NIST 
◆ http://www.nist.gov/pml/data/asd.cfm  

2014 Cloudy workshop 

2014 Cloudy workshop 
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O III 

2014 Cloudy workshop 
!

Heating – cooling balance 

◆ Both heating and cooling depend on square 
of density 

◆ So no density dependence 

◆ Try it!  Remove constant temperature 
command, compare temperatures at two 
densities 
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Other cooling processes 

◆ Save cooling command 
◆ Look at various output 

2014 Cloudy workshop 

Coronal equilibrium 
◆ Mechanical energy sets kinetic temperature 
◆ “Coronal” command in Cloudy 
◆ Try several T, 

plot SAVE  
CONTINUUM 
output 




