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Class 23 : AGN feedback 

  This class 
  The remarkable idea of AGN feedback 
  Evidence for AGN feedback 
  Questions and problems 

I : Basic statement of AGN feedback 

  (Essentially) every galaxy possesses a central 
supermassive black hole (SMBH) 

  In massive dark matter halos, baryons are 
heated and hence galaxy formation is 
truncated by the growth of this SMBH. 

  Discussion on the board… 
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IIa : Evidence for AGN Feedback 
Galaxy-SMBH correlations 

  Correlations between SMBH 
mass & galaxy properties 
  Best relationship is 

between SMBH mass & the 
velocity dispersion of the 
galactic bulge. 

  This approximately 
translates into connection 
between SMBH mass and 
stellar mass of the bulge 

  Suggests that galaxy & 
SMBH formation linked Gultekin et al. (2009) 

  Can use MBH~10-3M* to deduce interesting 
facts about the potential of SMBHs to affect 
baryons… 
  In principle, SMBH can heat baryons to 5x108K… 

enough to expel them from the largest dark matter 
halos! 

  Accretion on to SMBHs is the 2nd most prolific source 
of energy in the Universe (after stars). 
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Hubble Ultra Deep Field 
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Chandra-optical composite 

IIb : Evidence for AGN Feedback 
Direct observations of interaction  

  Especially in the most massive systems (where we 
probe baryons with X-ray observations) we see direct 
evidence of AGN feedback. 
  Specifically, we see signs that jets from SMBHs are 

interacting with their surroundings. 
  See bubbles, ripples, shock waves driven into hot gas by 

jet activity. 
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M87 with the VLA 

M87/Virgo in X-rays w/Chandra (Forman et al.) 
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Perseus cluster 
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III : Questions and Problems 

  How does the heating actually happen? 

  How does the AGN “know” how much it 
needs to heat the baryons? 

  Is this basic picture correct, or are we 
missing something important? 
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29th August 
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Michigan workshop 


