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Solving the core—cusp problem of cold dark matter halos and the origin of their
observational universalities
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The present standard paradigm for the structure formation in the universe is called the cold
dark matter (CDM) model. It is widely accepted since the predictions are excellently matched to
the observational results on large scales. However, on scales smaller than about 1Mpc, some
serious discrepancies between CDM predictions and observations have been discussed for two
decades and are so called the small scale crises. According to the CDM cosmology, small and
less—massive systems gravitationally collapse and form early. Larger and more massive systems
are formed through mergers among smaller ones. Therefore, it is important to study the
properties of dark matter (DM) halos surrounding small galaxies to understand the formation
processes of galaxies and DM halos.

The main research target of this thesis is one of the small scale crises, the core—cusp
problem. It is well known as a mismatch of the central density distribution between simulated
halos and observations. Recent observations of nearby dwarf galaxies and low surface brightness
galaxies have revealed that the density profile of the DM halo is almost constant at the center of
such galaxies. In contrast, cosmological N-body simulations based on collisionless CDM have
always predicted a steep power—law mass-density distribution at the center of CDM halos. This
discrepancy is the core—cusp problem of the CDM scenario. Mr. Ogiya studies the dynamical
response of DM halos to change in gravitational potential induced by stellar feedback by using
numerical simulations and constructing an analytical model. In the process, he also finds an
interesting relation between the scenario of the cusp-to—core transformation and the

observational laws.
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