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Daŕıo Núñez
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Initial Considerations

Dark matter nature remains ...
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Initial Considerations

Dark matter nature remains ...

Obscure!

Legend : Dark matter unknown nature.
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Initial Considerations

We do know that

It has a null or very small cross section with us, barionic matter,
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Initial Considerations

We do know that

It has a null or very small cross section with us, barionic matter,

It has no electric charge q = 0,
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Initial Considerations

We do know that

It has a null or very small cross section with us, barionic matter,

It has no electric charge q = 0,

It is stable
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Initial Considerations

We do know that

It has a null or very small cross section with us, barionic matter,

It has no electric charge q = 0,

It is stable

It composes 21% of the matter - energy content of the Universe, and
is 90% of the matter in galaxies

Legend : It forms a kind of halo
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Theoretical tools

In order to understand and determine dark matter properties, and
then, some possible observable consequences, one has to study with
the best theory available, and with the least assumptions on its
Nature.
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Theoretical tools

In order to understand and determine dark matter properties, and
then, some possible observable consequences, one has to study with
the best theory available, and with the least assumptions on its
Nature.

General relativity!, where matter is described in general only by its
effect on the geometry of the space-time, through the stress-energy
tensor, Tµν , with three main different types of matter:

Tµν =











ρ c2 h
uµ uν
c2

+ p gµν , fluid
c4

8π G

(

φ,µ φ,ν −
1
2 gµν

(

φ,α φ,α + 2V (|φ|2)
))

, scalar field

ρf < uµ uν >, Particle collection

Daŕıo Núñez (Instituto de Ciencias Nucleares, UNAM Red Temática de Agujeros negros y Ondas Gravitatorias, CONACyT SociedadOn the equilibrium states of the distribution function November 2nd, 2017 4 / 25



Theoretical tools

In the quest for the determination of which type of matter better
describes the dark matter’s nature, we perform simple experiments in
different astrophysical contexts to test first the viability of the
description and second, to look for specific features of the description
which could affect the barionic matter and thus, have observable
consequences.
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Theoretical tools

In the quest for the determination of which type of matter better
describes the dark matter’s nature, we perform simple experiments in
different astrophysical contexts to test first the viability of the
description and second, to look for specific features of the description
which could affect the barionic matter and thus, have observable
consequences.

As we will see, in the case of a collection of particles, we look for
some peculiar features within each dark matter halo model, which
would allow us to discriminate among them.
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Types of matter

With this this goal in mind, we can see that

It is unlikely that the dark matter has a fluid - like nature, almost by
definition.
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Types of matter

With this this goal in mind, we can see that

It is unlikely that the dark matter has a fluid - like nature, almost by
definition.
The scalar field description is interesting and a subject of intense
research, by itself, in Astrophysics and in Cosmology, see e. g. our
series of wigs, PRD 96, 024049, (2017), PRD 89, 083006 (2014),
PRL 109, 081102 (2012), PRD 84, 083008 (2011); Matos’ et al
works: e. g. CQG 17, L75 (2000), PRD 63, 063506 (2001), PRD
96, 043005 (2017); and also see Schive et al. Nature Phys. 10, 496
(2014).
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Legend : Scalar field density distribution around a Black Hole
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N-particles

To describe the dark matter as a collection (large!) of non-interactive
particles seems a particular good way to describe its nature.
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N-particles

To describe the dark matter as a collection (large!) of non-interactive
particles seems a particular good way to describe its nature.
N-particle simulations e. g. the NFW ones, are within this line of
description and have astonishing results particularly in Large Scale
Structure of the Universe; today N ∼ 1012 which still makes particles
the size of the Sun.

Legend : Large scale structure of the Universe, Millennium simulation
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Kinetic theory. Definitions, notes

Describing the dark matter as a collection of non interactive particles,
seems sensible (although there is no candidate for such particle within
Particle Physics) and it is described by the collision-less Boltzmann
(Vlasov) equation

Legend : Ludwig Eduard Boltzmann, 1844-1906, Anatoli Aleksándrovich Vlásov,
1908-1975, Lenin Award 1970.
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Kinetic theory. Definitions

Following Paola Doḿınguez et al, GRG 49, 9-123 (2017), a test field
described by the distribution function f = f (xµ, pi ), in spherical static
spaces, characterized by the metric tensor, gµ ν , (the gravitational
potential Φ(r) in Newtonian approximation) and study the numerical
evolution of a given initial distribution in such space, is a simple model
which can give some idea of a density distribution of this specific type of
description which in principle could be tested by the corresponding motion
of barionic matter:

d f

dτ
= 0,

=⇒ ẋµ
∂f

∂xµ
+ ṗi

∂f

∂pi
= 0,

=⇒ gµ 0 pµ
∂ f

∂ x0
+ gµ i pµ

∂ f

∂ x i
−

gµν
,i

2m
pµ pν

∂ f

∂ pi
= 0,

Newtonian =⇒
∂f

∂t
+

~p

m
· ~∇ f −m ~∇Φ · ~∇p f = 0.
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Vlasov

For halos, it is accurate to use the Newtonian description.
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Vlasov

For halos, it is accurate to use the Newtonian description.

In spherical symmetry, pθ
m r2

∂ f
∂θ

= ṗθ
∂ f
∂pθ

, and defining the pattern
quantities for the system, the distance, R0 and for the mass, M0, we
can define a characteristic velocity q2 = G M0

R0
, with G the

gravitational constant, and thus we define all the needed functions,
which allows us to write down the dimensionless Vlasov equation:

∂ f̄

∂ T
= −Pr

∂ f̄

∂d
+

(

∂ Φ̄(d)

∂ d
−

L2

d3

)

∂ f̄

∂ Pr

,

where t = T0 T =
√

R0
3

G M0
T , we are considering a single spices of

particles with mass m, and f = f0 f̄ , with f̄ a unit-less distribution
function.
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Astrophysics

As mentioned above, want to test some properties which are specific
of the particle collection description, in order to test it as a model for
dark matter.
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Astrophysics

As mentioned above, want to test some properties which are specific
of the particle collection description, in order to test it as a model for
dark matter.
In order to do so, we start with an initial Gaussian distribution for f̄
and evolve it in a dark matter halo potential, using our Vlas-Ollin
code.

Legend : Initial distribution function representing a shell of inhomogeneity in
the halo.
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Astrophysics

Actually, we considered four halo models: the isothermal, the isothermal
truncated, the Burkert one, and the Navarro-Frenk-White one, and that
the initial distribution describes a dark matter inhomogeneity in a given
halo, the gravitational potential is due to such halo. The corresponding
dimensionless density profiles are:

ρiso =
ρ0
d2

, ρiso−tr =
10 ρ0

9 (1 + d2)
,

ρBurkert =
40 ρ0

9 (1 + d) (1 + d2)
, ρNFW =

16 ρ0

3 d (1 + d)2
.
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Astrophysics

Legend : Density profiles for the four halo models considered, with the

characteristic speed is related to the characteristic density as σ2 = 4 π G ρ0 R0
2

3 , and
we normalized them such that at d = 3 the four halos have the same density.
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Now, with the mass defined as m = 4π
∫

ρ r2 dr , spherical, and with
the gradient of the gravitational potential as φ′ = G m

r2
, we obtain that

the unit-less potential gradient for each halo, normalized, are
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Now, with the mass defined as m = 4π
∫

ρ r2 dr , spherical, and with
the gradient of the gravitational potential as φ′ = G m

r2
, we obtain that

the unit-less potential gradient for each halo, normalized, are

∂ Φ̄(d)

∂ d iso

=
3

d
,

∂ Φ̄(d)

∂ d iso−tr

=
10

(

1− arctan(d)
d

)

3 d
,

∂ Φ̄(d)

∂ d Burkert

=
10

(

ln
(

(

1 + d2
)

(1 + d)2
)

− 2 arctan (d)
)

3 d2
,

∂ Φ̄(d)

∂ d NFW

=
16

(

ln (1 + d)− d
1+d

)

d3
.
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Here we show the initial distribution for the density, and for the distribution
function. Due to the spherical symmetry, we are modeling a spherical shell,
denser at the central part, and fades towards the rim in both directions.
The shell has a total angular momentum, in this case of L = 2.5, and we
are showing the data for the four halo models: Isothermal, Isothermal
truncated, Burkert and Navarro-Frenk-White. We also show the initial
distribution function in the phase space, (r , pr ), for the Isothermal halo.
In the next slide, we show the initial distribution function in the phase
space for the Isothermal, and initial density distribution for the four halo
models.
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Next, several times for the density and the distribution function evolution.

Notice that, as the pattern time is T0 = R0/q =
√

R0
3

G M0
, and for a halo

with mass of 1010 MSol, ant the pattern distance, R0 in Kpc, we obtain
that the pattern time is T0 = 1.48 × 106 years
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Next, notice the formation of a camel like distribution for the density
mainly for the Isothermal halo and the Burkert on; the density distribution
in the NFW halo just moves away. Also notice the spreading of the
distribution function into an orbit in the phase space.
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Another form to evaluate that the distribution is reaching the stationary
state is by means of the virial, < x i ∇i Φ >=< r F > which, when reaches
a constant, indicates that the system is not changing anymore.

Legend : It is shown the virial < d Φ̄, d >, showing how it reaches a constant.
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Legend : Final, stationary, shape of the distribution function in the phase space,
in a Burkert halo.
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Legend : And the corresponding final, stationary, shape of the density function in
a Burkert halo.
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More details of this works are presented in Paola’s poster, please visit.
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More details of this works are presented in Paola’s poster, please visit.

The evolution of an initial inhomogeneity in a dark matter halo,
considering four models and arrive to non trivial equilibrium final
configurations.
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More details of this works are presented in Paola’s poster, please visit.

The evolution of an initial inhomogeneity in a dark matter halo,
considering four models and arrive to non trivial equilibrium final
configurations.

These results point towards possible ways to differentiate among the
halos, and then on the properties of the dark particle.
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More details of this works are presented in Paola’s poster, please visit.

The evolution of an initial inhomogeneity in a dark matter halo,
considering four models and arrive to non trivial equilibrium final
configurations.

These results point towards possible ways to differentiate among the
halos, and then on the properties of the dark particle.

Following Villani, Mouhot, C, Villani, C On Landau damping,
arXiv:0904.2760v5, math.AP, by means of the mixing of states,
Rioseco P, Sarbach O., to be published, have derived the virialized
states presented here, proving the validity or the formulation.
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More details of this works are presented in Paola’s poster, please visit.

The evolution of an initial inhomogeneity in a dark matter halo,
considering four models and arrive to non trivial equilibrium final
configurations.

These results point towards possible ways to differentiate among the
halos, and then on the properties of the dark particle.

Following Villani, Mouhot, C, Villani, C On Landau damping,
arXiv:0904.2760v5, math.AP, by means of the mixing of states,
Rioseco P, Sarbach O., to be published, have derived the virialized
states presented here, proving the validity or the formulation.

Realistic final distributions should be analyzed searching for
observable consequences.
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