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Astrophysical Black Holes 

ÅMass:  gravity (reverberation mapping tech.) 

ÅAngular momentum:  spins 

ÅFormation and Cosmic:  growth  

ÅDuty cycles:  active or inactive 

ÅObscuration:  surroundings 

ÅCharges(X) 



SMBHs and Related Issues  

IHEP:  G. mergers (wet) Ą star bursts ĄAGNs 

Coevolution (SMBH+G) 

Dual AGNs Torus(BLR)+NLR 

Unification Scheme 



Outline 

ÅFueling SMBHs 

          *Accretion and BLR formation 

ÅSpins:  angular momentum 

ÅDynamics of co-evolution 

ÅDual AGNs: merging galaxies 

ÅConclusions  



 

 

I.  Fueling SMBHs  
during one single active episode 

Inflow, metallicity and BLR (<1.0pc) 



Spectra and Structure of Quasars 

1) Emission lines; 2) high metallicity; 3) high-luminosity  



Obs. Evidence: I self-gravitating disk  
ÅFitting BBB:  
Laor & Netzer (89); Sun & Malkan (89); Brocksopp et al. (06), Lu (2007), Jin+2011 

    Accretion rates: ~ 0.1-1.0 Eddington rates 

ÅSelf-gravitating disk: star formation 
Paczynski (78), Kolykhalov & Sunyeav (80) Collin et al. (94;06);  Goodman (03) 

     

 



Star forming disk 

ÅTheoretical suggestions 
     Paczynski (1978); Kolyvoski & Sunyaev (1980); 

     Collin-Souffrin & Zahn (1999); 

     Goodman (2003);  

     Nayakshin & Sunyaev (2005); 

     Hobbs et al. (2010):   

ÅMilky way center: 
 massive stars (top-heavy IMF) 

 

Bonnell & Rice (2008) 



Obs. evidence: II  Z-L relation 

Metallicity-Luminosity relationĄ episodic activity 

Hamann & Ferland (1993) Matsuka et al. (2010): SDSS data 



Questions 

ÅWhy does BLR form? 

Å²ƘŀǘΩǎ ƳŜŎƘŀƴƛǎƳΚ 

Å²ƘŀǘΩǎ ƻǊƛƎƛƴ ƻŦ .[w Ǝŀǎ̙ 

ÅWhat are BLR geometry and dynamics? 

Å²ƘŀǘΩǎ ǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ .[w ŀƴŘ b[wΚ 



Accretion disk driven by SF̙ 



Basic equations (Wang et al. 2009; 2010; 2011) 

Stationary equation 

Viscosity law̔n̗ aVturH 



Structure of SF disk 



Metallicity-Luminosity relation 



BLR Formation: diffused gas from SF disk 
Wang, Du, Baldwin, Ferland et al. (2011)  


