
Orion	  nebula:	  discovered	  in	  1610	  



Facts about HII regions 
•  Everything starts with a giant molecular cloud 

–  Cold molecular gas ~10-20 K and dense n~100/cm3 

•  Under gravitational collapse a bright star forms 
–  Its bright FUV radiation ionizes the surrounding nebula 
–  Typical temperatures of ~8000 K 
–  They can be observed  at Radio and IR, optically thick at other wavelengths 
–  Also Hα at 6560 Å (e.g. 3->2 transition in H) 

•  Radiation pressure from the star will eventually blow the gas away 
–  Inefficient process: only ~10% of the gas is used to form stars, the rest is blown 

away (also from SN explosions) 

•  HII regions are seen in most galaxies except in ellipticals 
–  In spirals they are concentrated in the arms 
–  They can be used to study the chemical composition of distant galaxies  



Whirlpool	  Galaxy	  







Photo-ionization 



Photo-ionization Equilibrium 
•  Number of photo-ionizations = Number of recombinations 

–  Per volume / per second 

•  Introducing the ionization parameter ξ  
–  ne=np= (1-ξ)nH 

–  nH
0 = ξ nH 
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Example 
•  Region of gas at 5pc from a T~40000 K star (O6.5v star) 
•  Emitted ionizing photons ~1e49 ph/s 
•  Cross section ~6e-18/cm2 
•  β(8000K)~4e13 cm3 s-1 

•  Ionization timescale of ~1e8s s 
•  Recombination timescale of ~1e11 s 
•  ξ~1e-4 -> fully ionized 
•  Mean free path ~0.01 pc 

–  Transition between ionized to neutral is fast 
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Strömgen Radius (=radius of the nebula) 
•  For an optically thick nebula, none of the ionizing photons escape 

the nebula : 

•  Rs~1.2 pc for a 103 cm-3 nebula 
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Dust and He 
•  Dust will compete with H for ionizing photons 

–  Dust absorbed UV photons, heat up to ~50 K and radiates in the IR 
–  Dust removes ionizing photons ->it shrinks the dimension of the nebula 

•  Intense star formation is hostile to dust 
–  Grains evaporate 

•  The cross section to ionize He is larger than that of H 
–  If hν>24.4 eV, then photons will ionize mostly the He 

Cool	  stars	  (T<40000K)	  	   Hot	  stars	  (T>40000)	  



Thermal Equilibrium 
•  Photo-electrons dissipate their energy by Coulomb scattering and 

thermalize (e.g. Maxwellian) 
–  h(ν-v0)=0.5 mv2=3/2 kT 

•  At equilibrium :  Heating = Cooling 
–  Heating = photo-ionization 
–  Cooling = recombination, free free emission, collisional excitation 
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Cooling 
•  Recombination: removes heat from the thermal e- plasma 

•  Free – free (aka Bremmstrahlung) 

•  Collisional cooling: 
–  e-  can excite O+, O++, N+ which require a typical potential of ~eV 

•  H and He require ~10eV, so they are disfavoured 

–  The nebula is optically thin for these line photons 
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Bremmstrahlung	  is	  preOy	  inefficient,	  however	  it	  cools	  a	  Gny	  biy	  



Typical	  spectrum	  of	  an	  HII	  region	  

HII	  regions	  also	  have	  conGnuum	  emission	  due	  to	  e.g.	  :	  
1.  Free-‐bound	  emission	  (electron	  recombines)	  
2.  Free	  free	  emission	  



Thermal Equilibrium 
•  G = LR + Lff + Lc 

–  Can be re-written as `net effective rate’, G- LR =  Lff + Lc 



OB associations & Bubbles 
•  O and (early type) B stars are short lived massive stars 
•  Form in loosely organized groups 

–  OB associations 

•  Found at the center of HII regions (these are the `classic’ HII regions) 
•  Their strong winds push the surrounding material, while the UV 

ionizes it 
–  Bubble (see the bubble nebula) 
–  Size limited by the energy of the star (~1051 erg) 



Super – Bubbles !   
•  Similar to bubble BUT much larger 

–  Several OB stars going SN  
–  Lifetime of the 5x107 yr 
–  Size up to 1.5 kp ! 
–  Densities of 2x10-2/cm3  it’s a cavity 
–  Filled with ~106 K gas (emit in X-ray!) 
–  We see them as large holes in HI, shells of HII 
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N44,	  LMC	  



Effects of Super-bubbles in the ISM 
•  Super bubbles stir up and enrich the ISM of heavy  elements 

•  Supply warm gas to the interstellar halo (orthogonally to the disk) 
via chimney effect 

•  Enrich the Inter-galactic medium (!) of heavy metal generated in SN 
explosions and their ejecta 

•  Explain the turbulent ISM 

•  Explains the hot gas in the Galactic halo 



The Local Interstellar Medium 
•  A few cool clouds (5000 K) surrounding the solar system itself 
•  The Local Bubble (106.5 K gas) and Loop 1 (the same) were once the same 

bubble. (~15 Myr ago) 
•  More SNe occured, separating the two bubbles- six in the LB (~12 Myr ago) 
•  OB associations only exist in Loop 1 now; the LB will be squeezed out of 

existence soon. 



ROSAT all-sky Image 
•  asa 



Recap on HII regions 
•  Observations: 

–  Regions of ionized gas around early type stars (O, B) 
–  T~8000K, n=10-100cm-3, optically thick 
–  Emission line spectrum with collisionally excited elements 

•  Ionization = Recombination 
–  HII regions are fully ionized 
–  Ionization times of ~3 years 
–  Recombination times of ~thousands of years 
–  Transition from HII to HI is sharp 

•  Mean free path of ionizing photons is small 

•  Stroemgren radius 
–  Tipically ~1pc 

•  Super-bubbles 
–  Kpc size, stir up and enrich the ISM 
–  Provide hot gas to the Galactic halo 


