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Inflation + Cold Dark Matter
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Inflation + Hot Dark Matter
does not work...

CLUSTERING IN A NEUTRINO-DOMINATED UNIVERSE

SmMON D. M. WHITE,"' > CARLOS S. FRENK,! AND MARC D,ewls1 3
University of California, Berkeley & e
Received 1983 June 17; accepted 1983 July 1

ABSTRACT

We have simulated the nonlinear growth of structure in a universe
using initial conditions derived from detailed linear calculations of eafSESgee
a direct N-body integrator and on a fast Fourier transform Poiss(Eeas s
results. The coherence length of the neutrino distribution at early timg
of the neutrino and thence to the present density of the universe. We
to be consistent with the observed clustering scale of galaxies if other &&=

remain within their accepted ranges. The conventional neutrino-dog
ruled out. :

Subject headings: cosmology — galaxies: clustering — neutrinos
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N\ + Cold Dark Matter model
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Two Micron All Sky Survey

2MASS Galaxies
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California Institute of Technology & Universicy of Massachusetts
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Crisis on Small Scales
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2008 Diemand et al. “Via Lactea II”
2008 Springel et al. “Aquarius”
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The cusp problem
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THE FORMATION OF A BULGELESS GALAXY
WITH A SHALLOW DARK MATTER CORE

Fabio Governato (University of Washington)
Chris Brook (University of Central Lancashire)
Lucio Mayer (ETH and University of Zurich)
and the N-Body Shop

KEY: Blue: gasdensity map. The brighterregions represent
gas that is actively forming stars. The clock shows the time
from the Big Bang. The frame is 50,000 light years across.

Simulations were run on Columbia (NASA Advanced
Supercomputing Center) and at ARSC
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Warm dark matter
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Warm Dark Matter Revisited:
Petraki-Kusenko-Boyanovski model

Matter power spectra e = |
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Structure of dark halos
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Substructure in tWDM models
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Subhalo mass function | 1keV thermal

. _ of a “Milky Way” halo | WDM predicts

| ~a factor of 10

| smaller abundance
lat M < 10® Msun

/yellow lines
1 show ICs with/without
1 random velocities
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Substructure in non-thermal models
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Subhalo mass function 1 1keV sterile v

of a “Milky Way” halo WDM predicts
i slightly larger

| abundance
i at M < 10® Msun

100 subhalos
2\ _| within the virial
| radius

- Simulation by A. Kamada
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vs Non-thermal
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Radial distribution
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How stable 1s a dark matter particle ?

Ichiki, Oguri, Takahashi (2004)
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Structure formation in DDM models

- CDM ~ Decay 500Gyr
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The DDM power spectrum
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The effect of massive neutrinos

Massive

neutrinos
with 0.1 eV
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Matter P(k) and neutrino mass

Saito, Takada, Taruya (2009)
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