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WDM properties
WDM is characterized by

r; its initial power spectrum cutted off for scales below
~ 50 kpc. Thus, structures are not formed in WDM for
scales below ~ 50 kpc.

# its initial velocity dispersion. However, this is negligible
for 2 < 20 where the non-linear regime starts.

# Classical N-body simulations break down at small
distances ( ~ pc). Need of quantum calculations to find
WDM cores.

Structure formation is hierarchical in CDM.

WDM simulations show in addition top-hat structure
formation at large scales and low densities but hierarchical

structure formation remains dominant.



WDM free streaming scale

The scale [, /, is where the WDM power spectrum is
one-half of the CDM power spectrum:
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This scale reproduces the sizes of the observed DM galaxy
cores when the WDM mass is in the keV scale !!

l1/2 is similar but more precise than the free streaming scale
(or Jeans’ scale):
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g¢ = number of UR degrees of freedom at decoupling.



Summary Warm Dark Matter, WDM: m ~ keV

# Large Scales, structures beyond ~ 100 kpc: WDM and
CDM yield identical results which agree with
observations

# Intermediate Scales: WDM simulations give the correct
abundance of substructures.

# Inside galaxy cores, below ~ 100 pc: N-body classical
physics simulations are incorrect for WDM because of
important quantum effects.

# Quantum calculations (Thomas-Fermi) give galaxy
cores, galaxy masses, velocity dispersions and
densities in agreement with the observations.

# Direct Detection of the main WDM candidate: the sterile
neutrino. Beta decay and electron capture. *H, Re, Ho.

So far, not a single valid objection arose against WDM.

Baryons (<16%DM) expected to give a correction to WDM
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A LCDM agreeswiitiCMB I+1. 88T
L CDWIDOESINOIzagree with SS3 [(GALAXIES

AL WDM agrees with CMB + LSS+ SSS (GALAXIES)
The Standard Model of the Universe is LWDM =
{GR, Newtonian Gravity, Field Theory, QFT}

Sentences like €MB confimstheLCDM mo d»2
Must be completed by adding«in t he | apg(
and must be updated with the sentence:
A CMB confirms the LWDM model in large scales

NEW: Gravity and Quantum Mechanics in Galaxies. Newton,
Fermi and Dirac meet together in Galaxies because of keV WDM



DARK MATTER: URDATE!

ATHERE IS NO CUSP/COREproblem:
A ObservedGalaxy density profiles are cored.
A WDM Galaxy density profiles are cored

ATHERE IS NO satellite problem
A WDM abundanceof structutes agreeswitlh:
observations
A Im addition,, theseare not fundamental problems.
NO CDM Wimps, NOIDMannhilation,
The Total DM cannoet be bosons((Axions)



U(x) = ve(r)/velrn)

Newton, Fermi and Dirac, meet together in Galaxies
thmugh keV Warm Dark Matter

08+

06 [

04

02F

URC from Observations
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Rotation curves (left panel): The theoretical curves fo(r;!
different galaxy masses all fall one into each other provi
an Universal Rotation Curve (URC) which remarkably
coincides with the observed universal curve (displayed in red)
. Small deviations show up only at distances outside twice
the radius.
The right panel the density profiles for the 10 galaxy masses:
All fall into the same and universal density profile which
reproduces the observed universal density profile and its size
(in red). Interestingly enough, small deviations show up for
compact dwarf galaxies as a manifestation of the quantum
macroscopic effects predicted in these galaxies, and which
can be further tested observations. (Examples of other
macroscopic objects in nature are dwarf stars, neutron stars
and the liquid Helium 3)
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