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About the nature of dark matter

In the standart cosmological model of cosmology one
has to conjeture the existence of: dark matter (DM) and
dark energy (DE).

The concordance model has an impresive explicative
and predictive power, and describes very well almost
the whole set of the observational data on dynamics of
expansion of the Universe and the formation of its
large-scale structure.

Some facts of the standart cosmological model stands
an almost secure status: flat global geometry and a low
baryonic density respect the critical one.
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Current Status of Astrophysical Ignorance (≃ 95%).
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The Damocles Sword

The lack of detections of dark matter particles and the
cosmological constant huge discrepancy with the QFT
prediction has inspiring an increasing number of
models:

for the dark sector like classical scalar field -
quintessence, tachyon field, k-essence, phantom field,
quintom field, Chaplygin gas.

or gravity and general relativity modifications,
multidimensional gravity, TeVeS, branes and others. Up
to now none of them has crucial preferability from
observational or theoretical point of view.
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Is the Dark Matter Cold?

Because the DM particles are required to have small
random velocities at early times, they are called cold
dark matter (CDM).

Up to the present the hypotesis of pressureless dark
matter remains experimentally untested.

due the fact that experiments attempting to detect CDM
candidates have not yield positive results.

Nevertheless recent results from CoGeNT colaboration
appear consistent with the signal anticipated from a
relatively light dark matter particle scattering elastically
with nuclei, Hoper and Kelso arXiv:1106.1066.
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A Relativistic Experiment

Combining rotation curves and gravitational lensing:
How to measure the equation of state of dark matter in
the galactic halo by Tristan Faber and Matt Visser,
Mon.Not.Roy.Astron.Soc.372:136-142,2006

FV2006 have suggested a simple method for
measuring the dark matter equation of state. By
combining kinematical and gravitational lensing data it
is possible to test the widely adopted assumption of
pressureless dark matter.

Such test is based on General Relativity results, the
weak field condition, and the probe particle speeds
involved (photons and stars in galaxies).
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No Feasible using Galaxies

Sample of high redshift lensing galaxies.

mainly due to the long distance to lensing galaxies (z ≃ 0.4)
which have as a logical consequence small angular scales

(i.e no observable rotation curves).
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but, ...using Clusters?

Abell 2218 HST WFPC2 by W Couch(UNSW) NASA.

ICosmoSul@Rio de Janeiro, Brasil, August 1st 2011 – p. 9/34



The static, spherical cow..

ds2 = −c2 e2Φ̃(r) , dt2 + dr2/(1 − 2m(r)G
rc2 ) + r2dΩ2, where

Φ̃(r) = Φ(r)/c2, and Φ is the grav potential.
EFE with a consistent stress-energy tensor, and using
(
∫

4πρ(r)r2 = m(r)), the pressure profiles:
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,

which are completely determined by the two functions Φ̃(r)
and m(r). pr(r) and pt(r) are the tangential and radial
pressures.
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Simplifying Hypothesis

If these two functions are obtained from observations, the
profiles can be inferred. For a perfect fluid we expect
p = pt = pr.

i) a weak gravitational field 2mG
c2r

≪ 1, 2Φ ≪ c2.

ii) test probe particle speeds are slow compared to the
speed of light.

iii) pressures and matter fluxes are small compared to
the mass-energy density.

we can apply only the condition i) to photons, the conditions
i) and ii) are suitable for galaxies.
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Kinematical Mass

Under i) the tt component of the Ricci tensor is ∇2Φ ≈ −Rtt,
then ∇2Φ ≈ 4π G

c2 (c2 ρ + pr + 2pt). Consequently, the function
Φ(r) can be interpreted as the Newtonian potential (ΦN (r))
if and only if the fluid is pressureless.
In the regime of kinematics the conditions i) and ii) are
fulfilled. The geodesic equation can be reduced to
d2

r

dt2
≈ −∇Φ, where r is the position vector of the galaxy and

Φ(r) 6= ΦN (r)). Then, the kinematics system mass profile is:

mK(r) =
r2

G
Φ′

K ≈
4πG

c2

∫

(c2ρ + pr + 2pt) r2 dr,

which causes mK(r) 6= m(r).
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Gravitational Lensing Mass

In the case of GL, photons are the test particles and
condition (ii) is not satisfied. By applying Fermat’s principle
and considering an effective refractive index (see FV06),
the lensing gravitational potential is defined as:

2 Φlens(r) = Φ(r) +

∫

m(r)

r2
dr .

where ∇2Φlens(r) = 4π ρlens(r). and then

Φlens(r) =
∫ mlens(r)

r2 dr . This implies
mlens(r) = 1

2 mK(r) + 1
2 m(r).

Recently Gallo and Moreschi arXiv:
Phys.Rev.D83:083007,2011, arXiv:1102.3886: obtain
similar results than FV06 using an standart and more
general formalism.
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Looking for wDM

This analysis gives a expression for the two functions
needed to calculate the density and pressure profiles:

Φ(r)′ =
Gmk

r2
; m(r) = 2mlens(r) − mk.
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Weighing clusters of galaxies

Jeans equation offers a direct way to calculate the
kinematic mass profile:

mK(< r) = −
r σ2

r

G

[

d ln ρn

d ln r
+

d ln σ2
r

d ln r
+ 2β

]

where mK(< r) is the mass enclosed within a sphere of
radius r, ρn is the 3D galaxy number density, σr is the 3D
line-of-sight velocity dispersion and β is the anisotropy
parameter β = 1 − 〈v2

θ + v2
φ〉/(2〈v

2
r〉).

In order to calculate the kinematic mass profile we have
applied the CT to a simulated cluster extracted from the
Millennium Simulation Run, and to two real rich clusters of
galaxies (Coma, Cl0024).
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Cluster Sample

The galaxy systems were selected based on the
following conditions: aproximate spherical symmetry,
low level of subclustering, existence of gravitational
lensing data (Wl in the case of Coma) and an important
number of measured redshifts of galaxies (1119 and 271
within the caustic).

we have used the first steps of the CT to remove
interlopers, and an adaptive kernel method (DG97), to
estimate the density distribution of galaxies in the
redshift diagram.

In this way, we are able to obtain a 1D profile for the
line-of-sight velocity dispersion and 2D number density
profile (which are simply the second and first moment of
the density distribution at each r).
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Adaptive kernel Smoothing

Redshift Space Distribution in Coma.
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Abel inversion technique

In all cases we have used a King profile to fit the
number density profile and we have used the procedure
described by Díaz et al. 2005 to obtain the 3D number
density.

in order to quantify the impact of β(r) on the dark matter
equation of state, we have solved Jeans equation
considering: (1) β = 0 and β(r) determined by a linear
fit to (2) the data of the selected simulated cluster and
(3) the data from most massive Millennium clusters, up
to 1h−1Mpc.
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Kinematic mass profile
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First Results

The first result of this work is the determination of a
reliable cluster mass profile, by using the kinematics of
galaxies.

This precedure is in good agreement with the real mass
profile in the case of the simulated cluster. This method
has a weak sensitivity to the anisotropy parameter

The good agreement between all profiles of the
simulated cluster gives us a constant zero equation of
state. In the calculation of the equation of state we use
w = (pr + 2pt)/c

2 3ρ.
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First Measurement ofwDM !
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Main Result

The equation of state obtained behaves as expected
when we analyze the simulated cluster.

but it adopts an almost constant negative value for the
real clusters (however consistent with the SEC)

We could attribute that to the anisotropy paremeter β.
Nevertheless CT is not strongly dependent on β.

we have checked a number of sources of systematics
such as the lack of sphericity and relaxation, the
presence of deflecting substructures in the l.o.s. and
the ellipticity of the halo, but none of them seems to
explain the features we have found.

To assess the validity of these results, it is expedient to
apply the same method to larger samples.
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Interpretations?

the result obtained could be interpreted in the
framework of theories including scalar/spinorial fields or
alternative models of gravity.

quiessence type of quintessence (Ureña Lopez and
Matos).

Fluid of strings (Gott et al).

Inhomogeneous Cosmologies (Butchert, Wiltshire)

Lanczos-Lovelock (GB) Gravities (Abdaselam and
Mohammedi).

Yang Mills Fields (Ponce de Leon, Zhao)

Boson stars (Harko, Chavanis)
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the Ocamm‘s razor

Assuming a FRW universe, the BBN predictions put a
strong constraint on the baryonic contribution to the
total density.

Given that the measured equation of state (EoS)
parameter of dark matter has an approximate value of
w = −1/3, we introduce such fluid component in
addition to detected and well known baryonic and
radiation components.
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Steps towards New Paradigm?

This new quintaessencial like component (or
inhomogeneous dark energy) could play a dual role,
substituting dark matter in the collapsed regions and
dark energy on large scales, and it will taken as the
dominant component at the current epoch.

The underlying potential model correspond to the
cosmological tracker solution described by Ureña. Their
asymptotic behaviour correspond to an inverse
power-law potential at ealier times and to an
exponential one at late times.
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Quintessence in FRW

Evolution of H, ρQ, V (Q) and Q
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Changing the Ages of Domination

Comparison of the Evolution of Components
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Comparison of Models

It shoud be recalled that due to the different expansion
history between the models successes that occured at
the same value of a are not simultaneous.

No study has been carried out on the growth of
fluctuations in the simple cosmological scenario
proposed in this work, (article in preparation).

Despite the similarities between the ΛCDM and the
new model at low redshift. The very different expansion
history in both models could be measured using the
statefinder parameters.
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Statefinder Parameters

H,q,j,s parameters for model discrimination.
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The cosmological distance ladder

Distances and Volumes comparison
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Accelerated or NOT!

Distance modulus for SnIa and GRB vs models
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More Results

We have identified a set of cosmological parameters
corresponding to a flat FRW metric such that is possible
to reproduce the measures of distances to galaxies in
the low reshift universe obtained using the standart
cosmological model.

Nevertheless this implicate a significant lower value for
the Hubble constant today, this fact imply an older
universe, leaving enough room for the pressence of
massive objects at high redhift and old stellar
components in galaxies.
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Thanks You

Finally the cosmological model proposed in this work
could incorporate the SNIa data into an decelerating
universe, wich avoid a second inflationary epoch (i.e.
the cosmological coincidence problem) as impose the
presence of Λ in the currently standart cosmological
scenario.

The authors research has been supported by Consejo
de Investigaciones Científicas y Técnicas de la
República Argentina (CONICET).
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Afterword

There are two dark clouds over General Relativity..
Dark Energy and Dark Matter. Jurgen Ehlers (AEI)

Until is solved, the problem of dark energy will be a
roadblock on our path to a comprehensive fundamental
physical theory. Steven Weinberg (UoT).

ICosmoSul@Rio de Janeiro, Brasil, August 1st 2011 – p. 34/34


	hypertarget {Abstract}{Abstract}
	hypertarget {Abstract}{Abstract}
	hypertarget {Abstract}{Abstract}
	hypertarget {Abstract}{Abstract}
	hypertarget {Abstract}{Abstract}

	hypertarget {INT}{About the nature of dark matter}
	hypertarget {}{ed {}}
	hypertarget {}{ed {The Damocles Sword}}
	hypertarget {}{Is the Dark Matter Cold?}
	hypertarget {REL}{A Relativistic Experiment}
	hypertarget {}{No Feasible using Galaxies}
	hypertarget {}{but, ...using Clusters?}
	hypertarget {}{The static, spherical cow..}
	hypertarget {}{Simplifying Hypothesis}
	hypertarget {}{Kinematical Mass}
	hypertarget {}{Gravitational Lensing Mass}
	hypertarget {}{Looking for $w_{DM}$}
	hypertarget {KIN}{Weighing clusters of galaxies}
	hypertarget {}{Cluster Sample}
	hypertarget {}{Adaptive kernel Smoothing}
	hypertarget {}{Abel inversion technique }
	hypertarget {}{Kinematic mass profile}
	hypertarget {}{First Results}
	hypertarget {WDM}{First Measurement of $w_{DM}$!}
	hypertarget {}{Main Result}
	hypertarget {}{Interpretations?}
	hypertarget {FRW}{the Ocamm`s razor}
	hypertarget {FRW}{Steps towards New Paradigm?}
	hypertarget {}{Quintessence in FRW}
	hypertarget {}{Changing the Ages of Domination}
	hypertarget {}{Comparison of Models}
	hypertarget {}{Statefinder Parameters}
	hypertarget {}{The cosmological distance ladder}
	hypertarget {}{Accelerated or NOT!}
	hypertarget {}{More Results}
	hypertarget {}{Thanks You}
	hypertarget {}{Afterword}

