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1. Structure Formation Scenario 

Current paradigm of structure formation: Lambda Cold Dark Matter (LCDM) 

ς Background geometry and Initial conditions, successfully constrained by linear 

theory & large-scale astrophysical observations:  

ωCMB, large-scale clustering of galaxies , and SNIa distance  measurements 

ςҔтл҈ ƻŦ ǘƘŜ άpresent-Řŀȅέ energy density is in Dark Energy, leading to an 

accelerated cosmic expansion Ą suppressing structure growth in later epochs 

ςϤур҈ ƻŦ ƻǳǊ άƳŀǘŜǊƛŀƭ ǳƴƛǾŜǊǎŜέ is composed of  DM ς the majority of which 

being non-relativistic (small FS length), collisionless on astrophysical scales 

ς Study nonlinear hierarchical structure formation due to gravitational 

instability using N-body simulations + perturbation theory (0 < z < zdec ~ 1100) 
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Simulated Cluster Formation (LCDM) 

Credit: Volker Springel (Data Visualization) 



Predicted properties of CDM halos 

ωCDM mass profiles �U(r) are nearly universal  
ςShape is approximately independent of halo mass (self-similar) 

ςNormalization: the more massive a halo, the LESS concentrated it is. 

ςOrigin of the universal profile?  

ωCDM halos are cuspy, �U(r) ~ r���D (�D~<1) at rĄ0  
ςProgressively steepening with radius 

ςAnnihilation signal? 

ωCDM halos are clumpy 
ςAbundant substructure (~20%  in mass) 

ςOverabundance of galactic satellites in LCDM? 

ωCDM halos are triaxial 
ςPreference for prolate configuration 

ςAsphericity increasing toward the center 


