
Welcome!  We are glad you are here!! 

◆ Wifi cloudy     
◆ pw cloudysummerschool 
 
◆ Tea/coffee breaks are upstairs 

◆ This room cannot be locked – bring your 
laptops with you 

◆ Group photo Thursday 12:30 



Social program 

◆ Kindly organized by nice QUB people 
(Catherine, Matt, Mattia, Joe, Janet). 

◆ Linked to from agenda page 
◆ Please sign up by tomorrow evening 





Cloudy workshop school 
Welcome!! 
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Will Henney, Morelia 



Will Henney, Morelia 



Guedel+ 2008 Science 319, 309 





How to read a spectrum 

2012 Cloudy workshop 



2012 Cloudy workshop 



The primary mechanism 



Energy is conserved 

2014 Cloudy workshop 
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Life history of an Orion electron 

◆ H0 ground state 
– 1 day 

◆ Suprathermal 
– 1 second 

◆ Thermal 
– 1 yr 

◆ H0 excited states 
– 10-7 s 

◆ H0 ground state 



Some jargon – AGN3, Appendix 1 
◆ Mean intensity J (AGN3 eq A1.5) 

– Mostly deal with 4π J, [erg s-1 cm-2] 
◆ Emissivity j (AGN3 Sec A1.7) 

– Emission per unit volume, [erg s-1 sr-1 cm-3] 
◆ Luminosity L 

– L = 4π j × Volume (if optically thin) [erg s-1] 
◆ Opacity κ  

– Absorption per unit length [cm-1] 

◆ Optical depth τ	

– κ × Length, with attenuation exp(-τ) 



More jargon – H I vs H0 

◆ H0 is atomic hydrogen, a proton and an 
electron, H+ is its ion, H2 its molecule 

◆ H I is the spectrum emitted by H0.  H I is a 
collection of photons 

◆ It is not correct to speak of the H I column 
density, although an H I absorption line 
does measure the H0 column density 

◆ In an ionized gas recombining H+ also 
makes H I lines, so an H I emission line 
indicates the H+ column density 

◆ There is no such thing as H II 



“Species” in Cloudy 

◆ Hazy 1, Section 2.5 

Species label Baryon Spectrum Line 
H H0 H I H  1 1215.68A  
C+ C+ C II C  2 2323.50A  
Fe+22 Fe22+ Fe XXIII Fe2 11.1600A 
H2 H2 H2 H2  17.0300m 
CO CO CO CO  2600.05m 
C2+ C2

+ C2
+ - 



Line blends 

Line 
C  2 2323.50A  
C  2 2324.69A  
C  2 2325.40A  
Blnd 2326.00A  



Photoionization balance 

◆ AGN3 eq 2.1 



Number of ionizing photons 
◆ Total emitted into 4π	


◆ Photons per sq cm 

2012 Cloudy workshop 



Photoionization balance  

◆ Photoionization rate set by radiation field, 
not related to temperature 

◆ Recombination depends on temperature,  
α ~ T-1 

– Tables in Ch 2, Appendix 5; discussed in 
Appendix 4 



Photoionization balance  

◆ AGN3 eq 2.1 

2012 Cloudy workshop 



Ionization parameter 

◆ AGN eq 14.7 



Coronal equilibrium 

2012 Cloudy workshop 
www.funzug.com 



Coronal (Collisional) ionization 
◆ qion – collisional ionization rate coefficient 

[cm3 s-1] 
◆ Rate set by gas temperature & ionization 

potential of a species 
– Radiation field does not matter 

◆ AGN3 eq 12.6, 12.7 


