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Begelman, Blandford & Rees (1980, Nature) 
 



Numerical Simulations – Spherical (Galaxy) Models 



Preto, et al, 2011, Gualandris & Merritt, 2012 







Tremaine et al (1994) model : 
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Mgal = G = r0 = 1. 







Phi-GRAPE+GPU (Harfst et al. 2007): 
 
- parallel direct summation N-body code. 
 
 
 
 
 
-Fourth-order Hermite integrator with individual block time 
steps and zero softening for black holes. 
 
-The N-body integrations were carried on ACCRE employing 
192 GPUs at Vanderbilt University, Nashville, TN. 





Axi-Symmetric Galaxies (c/a =0.8 or less), 
stellar dynamics alone should solve FPP  



SMBH Binary Evolves (st. dynamics) at a 
constant rate. 
 
Eccentricity remains approximately constant 
during Stellar dynamical phase. 

Peters 1964 



Reference Galaxy      -------->    NGC4486A 
 
SMBH mass (0.005)  -------->    Observed (13 million x sun) 
 
Influence radius (0.1) ----->        Observed (31 pc) 
 
Time unit                    ------>       1.4 Myr 
 
Speed of light (c)       ------->       1550 
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 We studied the dynamics of SMBHs in axi-symmetric galaxies 

having different amount of flattening (c/a = 0.9 – 0.75). 

  The SMBH binaries in axi-symmetric models evolve at a higher rate 

when compared to the evolution in spherical models.  

 For models having flattening (c/a = 0.8, 0.75) the evolution is 

independent of particle number N (N > 500K) suggesting Final 

Parsec Problem  should not be a problem for SMBH binaries 

evolving in these nuclei. 

 The SMBH binaries have very low eccentricities (~ 0.1).   

 Estimated Coalescence time for the SMBH binaries is ~ 2.5 Gyrs. 

 


