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Photoionization in a nutshell 
•  Each photon ≥ 13.6eV ionizes an H atom 

•  Any energy >13.6 eV is converted into kinetic energy of the 
photoelectrons 

•  Mean free path is small  Maxwellian distribution of the e- 

•  Coulomb scattering with the ions  Maxwellian distribution 
of the ions 

•  Cooling curve determines temperature of the ionized gas 

Hot = 104K Warm = 100K Cold= 10K 
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RCW 120 

Deharveng et al. 2009 A&A, 496, 177 



The Eagle Nebula (M16) 

T. A. Rector & B. A. Wolpa, NOAO, AURA 



Observations in Orion 

O'Dell et al. 2009, AJ, 137, 367 

⇒  Simulations with  the 
 inclusion of ionization, 
 hydrodynamics and 
 gravitational forces 



Lombardi et al. 2006 

The Pipe Nebula 



Lada et al. 2008 



O-star B-star 

Arthur et al. 2011 

‘Polychromatic’ Simulations 

photo-dissociation up to 1.3Rion-> 100K -> no pillars 



The Formation of Pillars 

€ 

⇒  ρhighTcold ≤ ρlow2Thot

10K	  vs	  100K	  

Gritschneder et al 2010 



Blister-type HII regions 

Gendelev&Krumholz 2012 



Analytical Estimates 
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Gendelev&Krumholz 2012 
also Raga 2012 
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Spitzer Solution: 

For blister type: 



Teff=22590K 
t=15Myr 
log(L/L)=3.75 

n=1×103 cm-3 -> R=0.094pc, Tion=6000K 
n=5×103 cm-3 -> R=0.029pc, Tion=7000K 
n=1×104 cm-3 -> R=0.017pc, Tion=7000K 

ϑ	  Oph 

stagnation + subsequent expansion of the heated shell 
 (heated by photo-dissociation to up to 100K) 

Evolution 

Gritschneder & Lin, ApJL, 2012 

(Lovekin & Goupil 2010) 



Current State 

Hot Phase 
‘HII region’ 

Warm Phase 
‘Nebula’ 

Cold Phase 
‘Cores’ 

Observations ? 
? 
? 

M=2.2×103 M 
n=777cm-3  
T=? 
(Onishi+ 1999, 
Lombardi+ 2006) 

M=250 M 
n=7000cm-3 

T=10K 
(Lada+ 2008) 

Model n=10cm-3 

T=5000K 
n=500cm-3 

T=100K 
N=5000cm-3 

T=10K 

Assuming thermal equilibrium 

Gritschneder & Lin, ApJL, 2012 



Where are the retired HII regions? 
•  HII regions older 2 Myr are barely observed 

•  Most (detailed) simulations are stopped before the supernova 
explosion (and most do not include the photo-dissociation) 

•  The shape of the late HII region is crucial for the further 
evolution (porosity, mixing)  -> talk by Sam Geen 

Fake color representation (H-alpha (red), OIII (blue) 
and sulphur (green))  - Ercolano et al 2011) 



Numerical Implementation: ‘SIREN’ 
Monte Carlo ray casting implemented into the tree-SPH code SEREN 
Particle ray intersection test 
Two sweeps, one depositing photons, one calculating ionization 
Photo-ionization (currently, photo-dissociation pending):  

b	  

η =
γdeposited
γ required

Gritschneder et al, in prep 



Ionization of multiple sources 



Jumping the gap 

Problem: 
•  Too big to fail:  

The observed phase-space density 
of Dwarf Galaxies (e.g. Fornax) is 
much smaller than predicted by 
ΛCDM (dark matter only) 
simulations (Boylan-Kolchin et al 
2012a,b) 

 

Although: 
•  Simulations with more realistic 

baryonic physics mitigates the 
problem (e.g Zolotov et al 2012) 

•  E.g. the ERIS simulation (Guedes 
et al 2011, 2012, also Madau, 
Pillepich, Shen,..) has no too big 
to failing ones -> smaller host 
mass, bigger scatter in N(>Vmax) 

Our approach: 
 SEREN N-body simulation, placed at Hubble turnaround. 

Feedback is parameterized by instantaneous mass loss (jumping the gap) 
Similar to the work on stellar clusters by Aarseth et al, ApJ 1988  



In time to shine 

This type of model produces cored profiles. 

Gritschneder & Lin, ApJ, 2013 

Solution: The timely loss of about 10% of baryonic matter by 
feedback during the first collapse leads to a significant puff-up. 



Conclusions 
•  Photoionization (and stellar winds) set the stage for supernova 

explosions 

•  Photo-dissociation (the B-stars!) might be crucial for the 
temperature distribution and structure formation (pillars, 
horse-head, etc) 

•  The late stage of HII regions is not studied thoroughly enough 
(yet) 

•  Early feedback (mass loss) significantly alters dwarf galaxies 
(phase space density, cusp versus core) 


