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Class 15 :  
Supermassive black holes 

  Evidence for supermassive black holes 
(in our Galaxy and in other galaxies) 

  Active galactic nuclei 
  Discovery 
  Theory 

  Black holes and galaxy evolution 
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I : How do we search for a 
massive black hole? 

  Most direct way to search for black hole is to 
look for the influence of its gravitational field 
on nearby stars and gas 

  Suppose stars/gas are in circular orbit about 
black hole (but some distance from it)… then 

  Discussion questions… 
  Why can we use Newtonian formulae? 
  When would we expect this formula to break down? 

II : The center of our Galaxy 

  Cannot see center of our galaxy in optical light… dust 
produces 30 magnitudes of extinction 

  Need to look in radio, IR or X-ray to penetrate dust 
  In radio and X-ray, there is a compact source of energy 

at precise center of Galaxy… long suspected that this 
was black hole 

  Dramatic evidence came from IR observations 
  In IR band, see dense cluster of young stars within central 

light year of Galaxy 
  Can see these stars move on orbits about an unseen mass 

at the Galactic center 
  Infer that there must be 3.5 million solar masses 

contained within a radius of 40AU… 
  A black hole is the only viable option (unless there is 

something seriously wrong with our understanding of 
physics) 
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X-rays (Chandra) 
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III : Active Galactic Nuclei (AGN) 

  Early 1960s…  
  Radio astronomers started to survey the sky 
  Found many mysterious radio sources 
  Quasi-stellar radio sources (quasars for short) 
  Very difficult to identify… radio images were too fuzzy 

to allow quasars to be localized on sky 
  3C273 : the first active galactic nucleus  

  Cyril Hazard used lunar occultation to localize 3C273 
  Found 14th magnitude object at location 
  M.Schmidt took spectra… found “extreme” redshift 

corresponding to v~50,000km/s  
  Implies that 3C273 must be at great distance, and 

hence must be very luminous (1039W or more) 
  Variability implies that power source is just ~few×AU 
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3C273 
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There are MANY active galactic nuclei known 
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Chandra-optical composite 

Centaurus A 
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Cygnus A 

IV : The Theory of AGN 

  What powers AGN? 
  Define efficiency of an AGN 

  Remember efficiency of different 
processes 
  Chemical burning, ε≈10-9 

  Nuclear fusion, ε≈0.007 
  Accretion onto a black hole, ε≈0.1 
  Matter/anti-matter annihilation, ε=1 € 

L = ε ˙ M c 2
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  Suppose AGN has power of 1040W and lasts for 10 
million years 

  Then, what masses are needed? 
  Chemical burning… 2×1012 Msun 

  Nuclear burning… 2×109 Msun 

  Accretion… 2×108 Msun 

  Matter/anti-matter… 2×107 Msun 

  Masses tend to argue for accretion (there are not large 
amounts of anti-matter in space!) 

  Now believe that AGN are indeed supermassive black 
holes growing via disk accretion  
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Broad iron line in MCG-6-30-15 (Fabian et al. 2002) 

R=1000rg R=100rg R=30rg R=10rg R=6rg 

Disk 
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Inner edge of 
disk (spin) 
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V : Black holes and galaxy evolution 

  Remarkable discovery of past decade : 
black holes have significant effect on 
evolution of whole galaxies! 

  Evidence… 
  Correlation between galaxy properties and black hole 

properties 
  Inability of galaxy evolution models to reproduce 

observed properties of galaxies without invoking 
powerful “energy source” 

  Detailed observations of nearby galaxy clusters 

  How does this work? 
  Still subject of research… 
  Powerful radiation field of quasars and powerful jets 

of radio-galaxies may both be important 

Kayhan 
Gultekin 
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Croton et al. (2006) 

Perseus cluster in a deep (900ks) Chandra observation 
Fabian et al. (2005) 


