
  

 Black Holes and Active Galactic Nuclei



  

A black hole is a region of spacetime from which gravity 
prevents anything, including light, from escaping. The theory 
of general relativity predicts that a sufficiently compact mass 
will deform space-time to form a black hole. Around a black 
hole, there is a mathematically defined surface called an 
event horizon that marks the point of no return. The hole is 
called "black" because it absorbs all the light that hits the 
horizon.



  

 Evidence for Black Holes in the Real Universe

X-ray binaries are a class of binary stars that are luminous in X-
rays. The X-rays are produced by matter falling from one 
component, called the donor (usually a relatively normal star) to 
the other component, called the accretor, which is compact: a 
white dwarf, neutron star, or black hole. The infalling matter 
releases gravitational potential energy, up to several tenths of 
its rest mass, as X-rays. (Hydrogen fusion releases only about 
0.7 percent of rest mass.)
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 The galaxy M31 , our 
nearest spiral neighbour



  



  

Water molecules in star-forming regions can 
undergo a population inversion and emit 
radiation at about 22.0 GHz, creating the 
brightest spectral line in the radio universe. 



  



  



  



  



  

The orbital period of the gas in an accretion disk will change with radius, just 
like the orbital periods of the planets in the solar system. This implies that adjacent 
rings of gas will rub against each other and be subject to friction which will allow the 
gas to move toward the black hole.

This frictional force is responsible for heating the gas in the disk which can then 
radiate. The source of the radiant energy is ultimately gravitational and up to about 
1020 erg of energy may be released for every gram of gas that is accreted onto a 
black hole. (This is several hundred times more efficient than the nuclear processes 
occurring in stars.) Most of this energy will be released fairly close to the black hole, 
within a radius of typically 1015 cm for massive black hole in a quasar. In order to fuel 
a bright quasar, gas must accrete at a rate of up to 10 M_sun yr-1.



  

Some accretion discs produce jets of twin, highly collimated, and 
fast outflows that emerge in opposite directions from close to the 
disc. The direction of the jet ejection is determined either by the 
angular momentum axis of the accretion disc or the spin axis of the 
black hole. They radiate in all wavebands from the radio through to 
the gamma-ray range via the synchrotron and the inverse-Compton 
scattering process.



  



  



  



  



  

Seyfert Galaxies: fainter versions of 
quasars



  

Seyfert Is have spectra 
with broad emission lines 
and there are clear point-
like central nuclei in the 
images of the host galaxy.

 In Seyfert Is,  there is no 
point-like nucleus. The 
spectro show strong HIGH 
IONIZATION POTENTIAL 
emission lines



  

    The Unified Model



  

Spectrum in 
polarized light 
showing broad 
lines

 Type II AGN

 Evidence for the Unified Model



  

  The Narrow Line Region



  



  

Surveys of Type II AGN at Low Redshifts from SDSS
(for detailed analysis of host galaxy properties)



  

The [OIII]  Line Luminosity as a Black Hole Accretion        
rate Indicator

Correlation of [OIII] luminosity 
with continuum luminosity for 
Type 1 AGN 

Correlation of [OIII] 
luminosity with hard x-ray 
luminosity 

              Accretion



  

The Starburst-AGN Connection 

More strongly accreting AGN 
have younger stellar 
populations

The average ratio between 
the star formation rate in 
the bulge and the accretion 
rate onto the black hole is 
1000 – remarkably close to
the ratio of bulge mass to 
black hole mass.



  

Most of the accretion today is occurring onto low mass 
black holes in galaxies like our own Milky Way ==> 

Massive black holes formed early on in the Universe and 
then stopped growing



  



  

      What about radio-loud AGN?



  

Radio galaxies are 
strongly biased towards 
high mass galaxies that 
contain massive black 
holes.



  

Present-day Optical (emission-line) AGN 
activity is  linked to:
1) lower mass black holes
2)   galaxies  with low mass bulges
3) more powerful AGN found in galaxies with younger
   stellar populations

Present-day Optical Radio-AGN activity is  
linked to:
1) high mass black holes
2)  galaxies with higher mass bulges
3) no apparent dependence on mean stellar age

CONCLUSIONS FROM STUDYING HOST GALAXIES



  

  STUDYING THE ENVIRONMENTS OF AGN IN SDSS



  

     The cross-correlation function  star-forming galaxies compared to 
AGN.

Galaxy interactions/mergers trigger more star formation, but 
apparently NOT more AGN activity



  

At fixed stellar mass, radio AGN activity is 
enhanced in galaxies that sit  at the centerscenters of 

groups and clusters.



  

   PERSEUS CLUSTER

   NGC 1275



  

RADIO-AGN 
ACTIVITY 
INFLUENCING 
THE GAS IN 
THE PERSEUS 
CLUSTER



  

       Hα  emission traces filamentary 
structure of gas that have been “uplifted” 

from the central galaxy



  



  

Central entropy versus 
radio power

Entropy profiles of 
clusters



  

 Central entropy determines whether there 
is star formation in the central galaxy



  

       A possible picture is emerging 
from the data:

Jets from AGN (visible at radio 
wavelengths as a result of synchrotron 
emission) push gas and metals out of 
the central galaxy, and also heat the 
ambient gas, preventing from cooling 

and forming stars.



  

 Outflows of ionized gas around Type II quasars also now 
seen. These ionized gas “halos” extend out to radii of 50 kpc 
and are very round in morphology. (Greene & Zakamska)



  

   How do black holes form?



  

OUTLOWS 
FROM 
QUASARS 
REMAIN 
POORLY 
UNDERSTOOD

(this is an artist's 
impression)
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