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Overview 

•  Navarro, Frenk & White (NFW) Model matches 
the Dark Matter distribution found in simulations 

•  NFW Model predicts cusp at center of galaxies 

•  Observations show core at center of galaxies 

•  Core ≡ central region of constant density  
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NFW Parameters 

•  19 systems including individual dwarf galaxies 
and small and large clusters 

•  standard Ω = 1 CDM universe 

•  evolution of 262,144 particles  

•  virial radius of system, r200 

•  gravitational softening chosen to be 1% of r200 
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Circular Velocity Profiles 



Dwarf Galaxy Cores 



Core Concern? 

Tyson-Kochanski (1998) 



Conclusions 

• The model predicts a lot of dark matter 
in the center of the galaxy whereas 
observations suggest this is not the case. 
The discrepancy has grown with better 
simulations 

•  NFW Model agrees with Observations 
at higher radii 
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Overview 

•  Theory predicts massive dark halos 
should slow down the rotation speed of bars 
in spiral galaxies 

•  Observations show:  

•  bars are not rotating slowly 

•  massive halos are not strongly present 
in inner regions 

•  contrary to NFW and Moore DM profiles 
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•  N-body models of disk-halo galaxies 
used to simulate their evolution 

•  Cartesian and polar coordinate grids 

•  over 300,000 particles 

•  Velocity dispersions set by constant 
Toomre Q parameter and thickness at 
all radii 
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DL/aB plotted against (Vd/Vh)2 



Milky Way Galaxy 

NASA 

•  suggested to be a 
barred galaxy 

•  unlikely that DL/aB 
is larger than for 
other barred galaxies 



•  NFW predicts LSB galaxies should 
be slowed by dynamical friction 

•  Contain larger fractions of DM 

•  Absence of slow bars may reflect 
observational bias of HSB galaxies  

Slow Bars? 



Conclusions 

•  Observations favor core over NFW cusp 
at center of galaxies due to rapid rotation 

•  absence of slow bars in HSB galaxies 
indicates that DM should not have high 
central density 


