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The Model Bound Dark Matter

» Asymptotic Freedom

The model proposed that the dark matter is part of an asymptotically free gauge grou

m=10
Asymptotic Freedom a(F) « 1 E>E,
V—>C
, m + 0 a
Confinement a(E) 21 E<E. L =Pl —
v—>0 a,

s (Q7)

Confinement

(Non-perturbative QCD) __Radiacion

__ Bariones
__  BDM

(Perturbative QCD)
Asymptotic Freedom

- |
¢ Q’ EBpN



The Model Bound Dark Matter

» Asymtotic freedom

The model proposed that the dark matter is part of an asymptotically free gauge gro

m=20 a
Asymptotic Freedom «(E) « 1 E>E. P = Po| —
m=+0
Confinement a(E) =1 E<E, L= P, a
v—>0 a,

s (Q7)

Confinement
(Non-perturbative QCD)

_ Radiacion
__ Bariones
_  BDM

pC e ....................................................................

(Perturbative QCD)
Asymptotic Freedom

: |
? EBpN



QCD Analogy
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Proton m = 938 MeV
Neutron m = 940 MeV
Pion m =140 MeV
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BDM Model

» Free parameters

1. The energy (moment) of the transition E, (a.)

In the theory of structure formation,is not only important the
amount of DM, but also the qualities of the DM.

» Relativistic particles T>m
V =EC

* Non-relativistic particles T < m
- 3

2. The initial velocity v,

Depending on the value of E,. and v; the model can described cold, warm or bound

CDM E. > MeV

WDM 100 KeV > E. > KeV v, =
BDM E. < KeV v <cC



BDM Model

» Cosmological Scales
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Conection to Observations
» Equality and dark radiation

Qo Zeq Neft Yp
Planck®+ . .. ... .. 0.308 +£0.010 3366 + 39 - -
Planck®+ Negt - - - . . 0.304 £0.011 3354+42 3.30+0.27 -
Planck®+ Y . - . . . . 0.306 £0.011 3373 +£40 — 0.267 + 0.020

Planck®+ Neg + Y, .. 0.3054+0.011 3365+53  3.197033 0.26010-055

Planck®+ Neg . . . . . 0.296 +0.010 3320+38 3.52+0.24 -
WMAP9® .. ... ... 028710009 3318455  3.557 0% 027810033
ACT?. .......... 0294001  3312+78 3504042  0.2557901

SPT®. .. ........ 0284002  3267+81 386+042 0296103




Conection to Observations
» Equality and dark radiation

The dark radiation measured at the moment of equality is the remanent
radiation of the BDM transition.
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Conection to Observations
» BBN and dark radiation

The abundance of neutral hidrogen (Y,), taken into account non-standard expansion rate, is:
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Conection to Observations
» BBN and dark radiation
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Conection to Observations

» BBN and dark radiation
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Galaxies

The BDM model predicts a DM core inside the galaxies.
In the outer galactic region we expect a NFW halo profile.

We constrain the value E, by fitting the RC of galaxies with a
generic NFW profile.
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Conection to Observations

» Galaxies
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Galaxies
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Conection to Observations

» Galaxies - Inner analysis

—

» A poor fit in the most inner data.
MOTIVATION  — « The fitting is dominated by the external data.
» The data are good enough to do an inner analysis.
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Conection to Observations

» Galaxies - Results
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(1) (2)] (3) (4) (5] (6) (7) | (8)(9) (10) (11)
Min.Disk 0.2110.04 0.11 0.33 0.46| 8.85 (3.02]0.01 0.30 T7.02
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Conection to Observations
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The transition energy E,. constrained by time of BBN and the
moment of equality is E,. = 9(10) eV.
The amount of “He that BDM model predicts is within 10

error data of CMB.

The extra radiation, and different fitted values at BBN and
equality, can be explained with an equation of state that
depends of the scale factor.

The energy transition constrained by the rotation curves is
E, =9(0.1) eV.

El BDM profile, taking p. as a fundamental constant, and
two free parameters given by the morphology on the
galaxies, can fit better (6/4) than NFW profile.

The model predict an average cores of 2.3 kpc in DM halos.
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Equality
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BEDM

MINIMAL DISK

MINIMAL DISK+GAS
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 Anisotropies on the CMB
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