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CONTENT OF THE UNIVERSE

ATOMS, the building blocks of stars and planets: 
represent  only the  4.6%

DARK MATTER comprises 23.4 % of the universe. 
This matter, different from atoms, does not emit or absorb

light.  It has only been detected indirectly by its gravity. 

72% of the Universe, is composed of DARK ENERGY
that acts as a sort of an anti-gravity. 

This energy, distinct from dark matter, is responsible for 
the present-day acceleration of the universe expansion, 

compatible with a cosmological constant











THE  HISTORY  OF  THE  UNIVERSE  IS  A HISTORY  of  
EXPANSION and COOLING  DOWN

THE   EXPANSION  OF  THE  UNIVERSE  IS  THE  MOST  
POWERFUL  REFRIGERATOR

INFLATION  PRODUCES  THE  MOST  POWERFUL  STRETCHING  OF  LENGTHS

THE  EVOLUTION OF THE UNIVERSE IS  FROM QUANTUM
TO  SEMICLASSICAL  TO  CLASSICAL

From  Very Quantum (Quantum Gravity) state  to Semiclassical Gravity 
(Inflation) stage (Accelerated Expansion)  to  Classical Radiation dominated Era 

followed by Matter dominated Era  (Deccelerated expansion) to  Today  Era 
(again Accelerated Expansion)

THE  EXPANSION  CLASSICALIZES THE  UNIVERSE

THE  EXPANSION  OF  THE  UNIVERSE  IS THE MOST 
POWERFUL  QUANTUM  DECOHERENCE MECHANISM



BLACK  HOLE  EVAPORATION  DOES THE 
INVERSE EVOLUTION :

BLACK HOLE EVAPORATION GOES  FROM 
CLASSICAL/SEMICLASSICAL  STAGE  TO  A 
QUANTUM  (QUANTUM GRAVITY)  STATE,

Through this evolution, the Black Hole  temperature goes 

from the semiclassical gravity temperature (Hawking 

Temperature) to the usual temperature (the mass) and  

the quantum  gravity temperature (the Planck 

temperature).





THE  ENERGY SCALE OF INFLATION IS THE 

THE SCALE OF GRAVITY  IN ITS SEMICLASSICAL 
REGIME

(OR THE SEMICLASSICAL GRAVITY 
TEMPERATURE )  GUT SCALE

(EQUIVALENT TO THE HAWKING TEMPERATURE)

The CMB allows to observe it 
(while is not possible to observe for Black Holes)



THE SCALE OF  INFLATION IS THE SCALE OF 
SEMICLASSICAL GRAVITY

∆T and ∆R expressed in terms of the semiclassical and quantum 
Gravity Temperature scales

Tsem = h H /(2π kB)      ,    TPl = MPl c2/ (2π kB)

Tsem is the semiclassical or Hawking-Gibbons temperature of the
initial state (or Bunch-Davies vacuum) of inflation. TPl is the
Planck temparature 10 32° K.

Tsem / TPl = 2π (2 εV) 1/2 ∆R,     Tsem / TPl = π (2)-1/2 ∆T

Therefore, CMB data yield for the Hawking-Gibbons Temperature 
of Inflation:

Tsem ~ (εV) 1/2 10 28 ° K.

















LOWER BOUND on r
ON THE PRIMORDIAL  GRAVITONS

Our approach (our theory input in the MCMC data 
analysis of WMAP5+LSS+SN data). [C. Destri, H J de 
Vega, N G Sanchez, Phys Rev D77, 043509 (2008)].

Besides the upper bound for r (tensor to scalar 
ratio) r < 0.22, we find a clear peak in the r 
distribution and we obtain a lower bound 

r > 0.023  at  95% CL   and 
r > 0.046   at  68% CL.

Moreover, we find  r = 0.051 as the most probable 
value.

For the other cosmological parameters, both analysis agree. 













PREDICTIONS

From the upper universal curve:
UPPER  BOUND r < 0.053

From the lower  universal curve:
LOWER BOUND r > 0.021

0.021  <    r   <  0.053

Most probable value: r ~ 0.051





FORECASTS FOR PLANCK
arXiv:1003.6108  ApJ 724, 588-607 (Nov 2010)

Forecast for the Planck precision on the tensor to scalar ratio and 
other cosmological parameters C. Burigana, C. Destri, H.J. de Vega, 

A. Gruppuso,  N. Mandolesi, P. Natoli,  N. G. Sanchez
Fiducial r = 0.0427

The best value for r in the presence of residuals turns to be about 
r  = 0.04

for both the LambdaCDMr and the LambdaCDMrT models.

• The LCDMrT model turns to be robust, it is very stable (its
distributions do not change) with respect to the inclusion of residuals.We
have for r at 95% CL: 

0.028 < r < 0.116 with the best values r = 0.04, ns = 0.9608
• Better measurements for ns will improve the prediction on r from the 
TT , TE and E modes even if a secure detection of B modes will be still 
lacking.







OUR FORECAST for PLANCK
0.028 < r < 0.116  95 %  CL , 

best value r = 0.04          ns = 0.9608

Supports  searching of CMB B-mode polarization
in the current data as well as the planned CMB 
polarization missions

Forecasted B mode detection probability by the 
most sensitive HFI-143 channel:

For a 95% CL detection the level of 
foreground residual should be reduced to 10% or 
lower of the adopted toy model. Borderline





(II) DARK MATTER



(I) THE MASS OF THE DARK MATTER PARTICLE

(II) THE BOLTZMAN VLASOV EQUATION: 
TRANSFERT  FUNCTION AND ANALYTIC RESULTS

(III) UNIVERSAL PROPERTIES OF GALAXIES:
DENSITY PROFILES, SURFACE DENSITY,

AND THE POWER OF LINEAR APPROXIMATION



(I) MASS  OF  THE DARK  MATTER  PARTICLE

H. J. De Vega,  N.G. Sanchez  Model independent analysis of dark matter points to a 
particle mass at the keV scale  Mon. Not. R. Astron. Soc. 404, 885 (2010) 

D. Boyanovsky,  H. J. De Vega,  N.G. Sanchez Constraints on dark matter particles 
from theory, galaxy observations and N-body simulations Phys.Rev. D77 043518, 
(2008)

(II)  BOLTZMAN  VLASOV  EQUATION, TRANSFERT  FUNCTION

D. Boyanovsky,  H. J. De Vega,  N.G. Sanchez The dark matter transfer function: 
free streaming, particle statistics and memory of gravitational clustering Phys. Rev. 
D78: 063546, (2008) 

(III) DENSITY PROFILES,  SURFACE  DENSITY, DARK  MATTER 
PARTICLE  MASS

H. J. De Vega,  N.G. Sanchez  Gravity surface density and density profile of  dark 
matter galaxies arXiv:0907.006. To appear in IJMPA

H. J. De Vega,  P. Salucci, N.G. Sanchez Universal galaxy properties and the mass 
of the dark matter particle from theory and observations: the power of the linear 
approximation arXiv:1004.1908



THE MASS OF THE

DARK MATTER PARTICLE



Dark matter was noticed seventy-five years ago (Zwicky 1933, 
Oort 1940). Ist nature is not yet known. DM represents about 
23.4 % of the matter of the universe. DM  has only been 
detected indirectly through its gravitational action.

The concordance standard cosmological model 
emerging from the CMB+LSS+Λ observations and
simulations favors dark matter composed of 
primordial particles which are (« cold », « warm »)  
and collisionless.
The clustering properties of collisionless dark matter candidates 
in the linear regime depend on the free streaming length,
which roughly corresponds to the Jeans length with the 
particle’s velocity dispersion replacing the speed of sound in the 
gas. CDM candidates feature a small free streaming
length favoring a bottom-up hierarchical approach to 
structure formation, smaller structures form first 



Compilation of observations of dwarf spheroidal
galaxies dSphs, prime candidates for DM subtructure, are 
compatible with a core of smoother central density and a 
low mean mass density ~ 0.1 Msun /pc3 rather than with a 
cusp.

Dark matter particles can decouple being 
ultrarelativistic or non-relativistic. Dark matter must be
non-relativistic during structure formation in  order  to  
reproduce  the observed small structure at ~ 2 − 3 kpc.

In addition, the decoupling can occurs at local thermal 
equilibrium or out of local thermal equilibrium. All these
cases have been considered in our analysis.



OBSERVATIONS

The observed dark matter energy density observed today
has the value   ρ DM = 0.228 (2.518 meV)4 .

In addition, compilation of dwarf spheroidal satellite 
galaxies observations in the Milky Way yield the one 
dimensional velocity dispersion σ and the radius L in the
ranges   

6.6 km/s ≤ σ ≤ 11.1 km/s ,       0.5 kpc ≤ L ≤ 1.8 kpc 

And the Phase-space Density today (with a precision of

a factor 10) has the value : 

D(0) ~ 5 × 103 [keV/cm3] (km/s)-3 = (0.18 keV)4 .



Compute from the distribution function of dark matter 
particles with their different statistics,  physical
magnitudes as :

-the dark matter energy density ρ DM(z) , 

-the dark matter velocity dispersion  σ DM(z), 

-the dark matter density in the phase space D(z)

Confront to their values observed today (z = 0). 

From them, the mass m of the dark matter particle 
and its decoupling temperature Td are obtained. 

The phase-space density today is a factor Z smaller than 
its primordial value. The decreasing factor Z > 1 is due to 
the effect of  self-gravity interactions: the range of Z is 
computed both analytically and numerically.



















• The comoving Jeans’ (free-streaming) wavelength, ie the 
largest wavevector exhibiting gravitational instability , and the
Jeans’ mass (the smallest unstable mass by gravitational 
collapse) are obtained in the range

0.76 kpc / (√1 + z)  <  λfs(z)  <  16.3 kpc (√1 + z)  

0.45 103 Msun < MJ (z) (1 + z) -3/2   < 0.45 107 Msun

These values at z = 0 are consistent with the N-body simulations 
and are of the order of the small dark matter structures observed 
today . 

By the beginning of the matter dominated era z ~ 3200, the masses 
are of the order of galactic masses 1012 Msun and the comoving
free-streaming length is of the order of the galaxy sizes today ~ 100 
kpc



• The mass of the dark matter particle, independent
of the particle model, is in the keV scale and the 
temperature when the dark matter particles decoupled 
is in the 100 GeV scale at least.

No assumption about the nature of the dark 
matter particle.

keV DM mass much larger than temperature in 
matter dominated era (which is less than 1 eV)

m and Td are mildly affected by the uncertainty in the 
factor Z through a power factor 1/4 of this uncertainty, 
namely, by a factor 10 1/4 ~ 1.8.



• Lower and upper bounds for the dark matter annihilation 
cross-section σ0 are derived: σ0 > (0.239 − 0.956) 10−9 GeV−2

and σ0 < 3200 m GeV−3 . There is at least five orders of 
magnitude between them , the dark matter non gravitational
self-interaction is therefore negligible (consistent with structure 
formation and observations, X-ray, optical and lensing
observations of the merging of galaxy clusters).

• Typical ”wimps” (weakly interacting massive particles) with
mass m = 100 GeV and Td = 5 GeV would require a huge Z ~
1023, well above the upper bounds obtained and cannot 
reproduce the observed galaxy properties. 

Wimps produce extremely short free-streaming or Jeans length 
λfs today λfs (0) 3.51 10−4 pc = 72.4 AU that would correspond to 
unobserved structures much smaller than the galaxy structure. 
Wimps result strongly disfavoured. [TOO cold]



In all cases:  DM particles decoupling either ultra-relativistic
or non-relativistic, LTE or OTE :

(i) the mass of the dark matter particle is in the keV 
scale,Td is 100 GeV at least.

(ii) The free-streaming length today is in the kpc
range, consistent with the observed small scale
structure and the Jean’s mass is in the range of 
the galactic masses, 1012 Msun.

(iii) Dark matter self-interactions (other than grav.) 
are negligible.

(iv) The keV scale mass dark matter determines 
cored (non cusped) dark matter halos. 

(v) DM candidates with typical high masses 100 GeV
(”wimps” ) result strongly disfavored.































keV SCALE  DARK MATTER PARTICLES 
REPRODUCE:

OBSERVED GALAXY DENSITIES 
AND VELOCITY DISPERSIONS

OBSERVED GALAXY DENSITY PROFILES

OBSERVED SURFACE DENSITY VALUES OF
DARK MATTER DOMINATED GALAXIES









END

THANK  YOU  FOR  YOUR ATTENTION





[ DARK MATTER : FACTS AND STATUS 

DARK MATTER DOES EXIST

ASTROPHYSICAL OBSERVATIONS POINTS TO THE EXISTENCE 
OF DARK MATTER

AFTER MORE THAN TWENTY YEARS OF DEDICATED DARK MATTER 
PARTICLE EXPERIMENTS, THE DIRECT SEARCH OF DARK MATTER 

PARTICLES FULLY CONCENTRATED IN “WIMPS”REVEALED SO FAR, 
UNSUCCEFULL

BUT DARK MATTER DOES EXIST 

IN DESPITE OF THAT: PROPOSALS TO REPLACE DARK MATTER 
DO APPEAR:

PROPOSING TO CHANGE THE LAWS OF PHYSICS (!!!), (???)

ADDING OVER CONFUSION, MIXING , POLLUTION



TODAY, THE DARK MATTER RESEARCH AND DIRECT 
SEARCH SEEMS TO SPLIT IN THREE SETS:

(1). PARTICLE PHYSICS DARK MATTER :BUILDING MODELS, 
DEDICATED LAB EXPERIMENTS, ANNHILATING DARK MATTER, 

(FULLY CONCENTRATED ON “WIMPS”)

(2). ASTROPHYSICAL DARK MATTER: (ASTROPHYSICAL MODELS, 
ASTROPHYSICAL OBSERVATIONS)

(3). NUMERICAL SIMULATIONS RESEARCH 

(1) and (2) DO NOT AGREE IN THE RESULTS 

and (2) and (3) DO NOT FULLY  AGREE NEITHER

SOMETHING  IS GOING WRONG IN THE RESEARCH ON THE DARK 
MATTER SUBJECT 

WHAT IS GOING WRONG ?, [AND WHY IS GOING WRONG]

“FUIT EN AVANT” (“ESCAPE TO THE FUTURE”) IS NOT THE ISSUE



THE SUBJECT IS MATURE

THERE EXIST ASTRONOMICAL OBSERVATIONS AND FACILITIES

THERE EXIST MODEL/THEORETICAL ASTROPHYSICAL  RESULTS 
WHICH FIT, AGREE WITH THE ASTRONOMICAL OBSERVATIONS

THERE EXISTED,THERE EXIST MANY DARK MATTER 
DEDICATED PARTICLE EXPERIMENTS

(ALTHOUGH FULLY CONCENTRATED IN “WIMPS”)

THERE EXIST  COMPUTER AND SUPER COMPUTERS AND DIFFERENT 
RESEARCHER GROUPS  PERFORMING WORK WITH THEM

THERE EXIST A CONSIDERABLE AMOUNT OF RESEARCHERS 
WORKING IN DARK MATTER DURING MORE THAN TWENTY YEARs

“ FUITE EN AVANT” (“ESCAPE TO THE FUTURE”) IS NOT THE ISSUE
WHAT IS WRONG  in the present day subject of Dark Matter?, 

(The Answer is Trivial and can be found  in these 3 slides)    ]
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Follow the steps…

Integrate B-V equation (in s)
Use Poisson’s eqn.              Integral eqn: Gilbert’sGilbert’s

Normalize at initial time (teq): 1
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Jeans’ Fluid Fluid equation: 
replace C2

s by <V2>
Correction to fluid 
description: memory of memory of 
gravitational clusteringgravitational clustering

Free streaming 
solution in 
absence of 
gravity: INITIALINITIAL
CONDITIONSCONDITIONS
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matter-radiation equality 
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DECOUPLED DISTRIBUTION FUNCTION: STATISTICSSTATISTICS

Properties of Properties of K(uK(u--uu’):’):
Correction to fluid description

Memory of gravitational clustering

f0(y) with larger support for small y 

longer range of memorylonger range of memory

Longer range of memory largerlarger T(kT(k))

Negligible at largelarge scales                           

Important at smallsmall scales
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ExactExact T(k)
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Regular solution of 
Jeans’ FluidFluid eqn.

Free streaming 
solution In
absence of 
gravity:INITIALINITIAL
CONDITIONSCONDITIONS

Memory of gravitational 
clustering: K(uK(u--uu’)’)

Features:Features:

Systematic Fredholm expansion
First TWO terms simple and remarkably accurate
Include memory of gravitational clustering
Arbitrary distribution Arbitrary distribution function(statistics+nonfunction(statistics+non LTE)LTE)
Arbitrary initial conditionsArbitrary initial conditions
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