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 Overview: 

o   How rotation modifies dynamics? Rotation in globular 
clusters and galaxy cores 

o  Models, and simulations with BHs 

o  Recent results of 2-mass component models 
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 How internal rotation modifies dynamics: 

"  flattening (external tides, pressure anisotropy) 

"  long term dynamical evolution (angular momentum transfer) 

"  gradients in kinematical profiles (differential rotation) 
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E4 M49 (AURA, NSF, NOAO) 

47 Tuc (ESO/Danish 1.54-m/W.Keel)  

Collisionless systems: 
 

relax. times exceed Hubble 
time 
e: 0.0 – 0.7 
Ellipticity supported by 
vel.disp and rotation 

Collisional system: 
relax. times much smaller 
than Hubble time 
e: 0.0 – 0.2 
Flattened systems become 
sphericall as they relax 
(Shapiro & Marchant 1976 
Fall & Frenk 1984, 
White & Shawl 1987) 

MW Globular clusters 

Time scale of relaxation:  
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See also Lutzgendorf et al (2013) 
for m-sigma relation 
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Fiestas et al (2006) 

GC fitting using Fokker-Planck models: 

Bianchini et al (2013) 
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 Are there IMBHs in GCs? 

"  100-1000 M¤ , core collapse, dynamical evolution 

"   many will be ejected (3-body encounters, mergers) 

"   runaway growth of seeds (or partial energy equipartition ?- Trenti & Van 
der Marel (2013) 

"  Observational evidence ? 
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M15  -> 3.9 x 10^3 M_sun (Gerssen et al.  2002, 2003) ,  
G1 (M31) -> 2 x 10^4 M_sun (Gebhardt et al. 2002)  

Mou-Yuan Sun et.al 2013)  



Schödel et al. (2007) 

Do et al. (2011) 

Our galaxy: 

ρ(r) ~  r^γ 
-1.5 < γ < -1.75  

γ < -1.  
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Relaxed systems reach steady 
states with density cusps of -1.75 
(Bahcall & Wolf, 1976,77) 



Dynamics of growing SMBHs in galaxy cores 

Simulations with 
BHs 



Fokker-Planck approximation 
(axisymmetric model): 

Fiestas. (2006) 
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Direct N-Body models: 
-  Hermite integration 
-  Individual/block time steps 
-  Ahmad-Cohen neighbour scheme 
-  KS-regularization 
 

Stellar accretion: 



Evolution of Lagrangian-
Radii:  
 
Core collapse is prevented, 
further expansion of outer 
layers 
Massive BHs “turn-off” core-
collapse, driven by heating 
from stellar disruption 
 

Collisional evolution due to 
rotation + BH accretion  

 

Fiestas et al. (2011) 
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Fiestas & Spurzem (2010) 

Evolution of BH-mass and disruption rates (axisymmetric models) 

Left: Final BH mass 
independent of 
initial conditions 

Right: Mass loss 
rates enhanced by 
core contraction 
with a maximum at 
collapse time 
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Disruption rates: 
compact cores 

Fiestas et al. (2011) Time averaged disruption rates in Nbody models (black) 
in comparison to FP models (green). 
Red line is the analytical solution for Bahcall-Wolf cusp  
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Disruption rates: 
Average loss-rate: 
M_tot=10^9 M_sun, 
T_rh= 10^10 yr 
 
dM/dt = 3.13 x 10^-4 M_sun/yr 
 
e.g. rate of large amplitude X-ray 
outbursts from active/inactive galaxies: 
1.5 x 10^-5 galaxy^-1 yr^-1 
(Donley et al.2002) 

Fiestas et al. (2011) 
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Fiestas et al. (2011) 

Evolution of rotational velocity profiles  
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Rotation and 
dispersion maps 
in the 
meridional plane. 
Useful for 
observations 
(Fokker-Planck 
data) 

Fiestas (2006) 
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Recent results of 2-mass component models with a central BH: Nh/
Nh/Ntot=0.01 , mh/ml = 10 
Steady-state Bahcall-Wolf cusp ~ -1.75 reached by heavy stars 
Ligther stars show lower cusps than expected ~ -1.5 (BW77) 

Fiestas et al. (2014), in prep. 
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Fiestas et al. (2014), in prep. 

Rotational velocity and vrot/σ at t_rh~0.8 
Heavy stars segregate and take angular momentum to the center. 



Dynamics around BHs – rotating systems 

Fiestas et al. (2014), in prep. 

E-Jz distributions of stars at t/trh = 0.0 (W0=0.6 , ω0=0.9) 
Initial asymmetric distribution of light and heavy stars.  
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Fiestas et al. (2014), in prep. 

E-Jz distributions of stars at t/trh ~ 0.8  (W0=0.6 , ω0=0.9) 
Asymmetric distribution shows strong rotation, dominated by heavy 
stars. 



Conclusions:  

" Axisymmetric cores with BHs develop steady-state 
solutions and central rotation in a time of the order of a 
relaxation time. 

" Light stars in 2-mass models show lower cusps, like the 
observed in our galaxy, probably as a consequence of 
relaxation processes 

Future work: 
"  stellar evolution à faster dynamical evolution! 
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