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𝑁𝑓:  Fundamental part.

𝑁𝑐: Charged part.
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𝛼 =
𝑔2

4𝜋

QCD Analogy
 SU(3)

Low Energy High energy

cbdm nEm  )1(n

For dimensional analysis we expect:

EQCD = 200 MeV

𝑚𝑢𝑝 = 2.3 𝑀𝑒𝑉

𝑚𝑑𝑜𝑤𝑛 = 4.8 𝑀𝑒𝑉

Example: 

Proton m = 938 MeV n = 4.6

Neutron m = 940 MeV  n = 4.7

Pion m = 140 MeV n = 0.7

The dark gauge group is not part 

of the SM of particles!



In the theory of structure formation,is not only important the

amount of DM, but also the qualities of the DM.

𝑇 ≫ 𝑚• Relativistic particles

𝑣 ≅ 𝑐

• Non-relativistic particles 𝑇 ≤
𝑚

3

𝑣 = 𝑣𝑐
𝑎𝑐
𝑎

Depending on the value of 𝐸𝑐 and 𝑣𝑖 the model can described cold, warm or bound DM

CDM 𝐸𝑐 ≫ 𝑀𝑒𝑉

𝑣𝑐 ≅ 𝑐

BDM Model
 Free parameters

1. The energy (moment) of the transition 𝐸𝑐 (𝑎𝑐)

2. The initial velocity 𝑣𝑐

WDM 100 KeV > 𝐸𝑐 > 𝐾𝑒𝑉
BDM               𝐸𝑐 < 𝐾𝑒𝑉 𝑣𝑐 < 𝑐
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Scale Factor a

BDM Model
 Cosmological Scales

Massless, relativistic

Neutral, massive



Conection to Observations
 Equality and dark radiation

arXiv:1303.7038



 𝜔𝑡𝑜𝑡 =
𝑃𝑡𝑜𝑡
𝜌𝑡𝑜𝑡

=
 

𝜌𝑟
3 + 𝜔𝑏𝑑𝑚𝜌𝑏𝑑𝑚

𝜌𝑟 + 𝜌𝑏 + 𝜌𝑏𝑑𝑚
𝜔𝑡𝑜𝑡 =  𝜔𝑡𝑜𝑡 =

1

6

𝑁𝑒𝑥 𝑎 =
1 + 𝜉𝑁𝜐

𝜉

𝑎

𝑎𝑒𝑞

3  𝜔𝑡𝑜𝑡(𝑎)

1 − 3  𝜔𝑡𝑜𝑡(𝑎)
− 1

 𝑎𝑒𝑞
𝑎𝑒𝑞

=
1

1 +
Ω𝑏𝑑𝑚0
Ω𝑚0

𝑓 1 − 6𝜔𝑏𝑑𝑚 − 1

 𝑎𝑒𝑞
𝑎𝑒𝑞

= 1 +
𝜉𝑁𝑒𝑥

1 + 𝜉𝑁𝜈

The dark radiation measured at the moment of equality is the remanent 

radiation of the BDM transition.

Conection to Observations
 Equality and dark radiation

arXiv:1303.7038



𝑌𝑝 = 0.2485 + 0.0016 𝜂10 − 6 + 100 𝑆 − 1

𝑆2 =
 𝜌𝑟
𝜌𝑟

= 1 +
7

43
𝑁𝑒𝑥

𝑆2 =
 𝜌𝑟
𝜌𝑟

= 1 +
8

43

𝜌𝑏𝑑𝑚
𝜌𝛾

𝜌𝑏𝑑𝑚 = 𝜌𝑏𝑑𝑚0

𝑎𝑐
𝑎0

𝑎

𝑎0

4

𝑒
 𝑣2𝑐
2

𝑁𝑒𝑥 𝑎 =
1

𝛼

Ω𝑏𝑑𝑚0

Ω𝛾0

𝑎𝑐
𝑎0

𝑒  𝑣𝑐
2EXTRA RADIATION

MODELO BDM

The abundance of neutral hidrogen (𝑌𝑝), taken into account non-standard expansion rate, is:

𝑆2 =
 𝐻

𝐻

2

𝜂10 = 273.9Ω𝑏ℎ
2

We have extra radiation at the time of 

BBN due to the radiation behaviour of the 

BDM

Conection to Observations
 BBN and dark radiation

arXiv:1303.7038
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𝑁𝑒𝑥 𝑎𝑐 =
1 + 𝜉𝑁𝜐

𝜉

𝑎𝑐
𝑎𝑒𝑞

3 𝜔𝑡𝑜𝑡(𝑎𝑐 , 𝑣𝑐)

1 − 3 𝜔𝑡𝑜𝑡(𝑎𝑐 , 𝑣𝑐)
− 1

𝑁𝑒𝑥 𝑎 =
1

𝜉

Ω𝑏𝑑𝑚0

Ω𝛾0

𝑎𝑐
𝑎0

𝑒  𝑣𝑐
2

Equality

𝜔𝑡𝑜𝑡 =
1

6

BBN

𝑌𝑝 = 0.260−0.029
+0.034

The BDM model predicts

the amount of 4𝐻𝑒 at

the time of BBN.

Conection to Observations
 BBN and dark radiation



Conection to Observations

𝑥𝑐 ≝ 𝑎𝑐 𝑣𝑐

 BBN and dark radiation

arXiv:1303.7038



Conection to Observations
 Galaxies

H
D

M

C
D

M
NGC 

3198

The BDMmodel predicts a DM core inside the galaxies.

In the outer galactic region we expect a NFW halo profile.

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



• Great angular 

resolution

• Large number of 

galaxies

• Circular 

movements

• No elongation of 

dark matter 

halos

arXiv:1107.5560

Conection to Observations
 Galaxies
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If 𝑟 ≪ 𝑟𝑠

MOTIVATION

• A poor fit in the most inner data.

• The fitting is dominated by the external data.

• The data are good enough to do an inner analysis.

If 𝛼 <
1

2
we are in the core region 𝑟 < 𝑟𝑐
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Ansatz:

arXiv:1107.5560

Conection to Observations
 Galaxies – Inner analysis



arXiv:1107.5560

Conection to Observations
 Galaxies - Results



Conection to Observations
 CMB



Conclusions

• The transition energy 𝐸𝑐 constrained by time of BBN and the 

moment of equality is 𝐸𝑐 = 𝜗 10 𝑒𝑉.

• The amount of 
4
𝐻𝑒 that BDM model predicts is within 1σ

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 

𝐸𝑐 = 𝜗 0.1 𝑒𝑉.

• El BDM profile, taking 𝜌𝑐 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.



RC, Cluster of 

galaxies

BBN, Equality, 

CMB, LSS



𝜌𝑟 = (1 + 𝜉 𝑁𝜈)𝜌𝛾
𝑎𝑒𝑞
𝑎0

=
𝜌𝑟0
𝜌𝑚0

𝜔𝑡𝑜𝑡 𝑎 =
𝑃𝑡𝑜𝑡
𝜌𝑡𝑜𝑡

=
1

3

𝑎𝑒𝑞
𝑎𝑒𝑞 + 𝑎

 𝜔𝑡𝑜𝑡 𝑎 =
𝑃𝑡𝑜𝑡
𝜌𝑡𝑜𝑡

=
1

3

 𝑎𝑒𝑞
 𝑎𝑒𝑞 + 𝑎

𝜔𝑡𝑜𝑡(𝑎𝑒𝑞) =  𝜔𝑡𝑜𝑡(  𝑎𝑒𝑞) =
1

6

SM:

Radiación 

extra:

 𝜌𝑟 = (1 + 𝜉𝑁𝑒𝑓𝑓)𝜌𝛾
 𝑎𝑒𝑞
𝑎0

=
 𝜌𝑟0
𝜌𝑚0

𝑁𝑒𝑓𝑓 = 𝑁𝜈 + 𝑁𝑒𝑥  𝑎𝑒𝑞
𝑎𝑒𝑞

= 1 +
𝜉𝑁𝑒𝑥

1 + 𝜉𝑁𝜈

𝜉 =
7

8

4

11

4/3(𝑁𝜐= 3.046)

We define equivalence when

Equality
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𝑃 =
𝑛 𝑝2

3 𝐸

𝜌 = 𝑛 𝐸

𝜔 =
𝑃

𝜌
=

𝑝2

3 𝐸 2 =
𝑣2

3

En el límite no relativista 𝑚 ≫ 𝑇

𝜌 = 𝑚𝑛

𝑃 = 𝑇𝑛

𝜔 =
𝑃

𝜌
=

𝑇

𝑚
𝑇 ∝ 𝑎−2 𝑣 ∝ 𝑎−1

𝑣 = 𝑣𝑐
𝑎𝑐
𝑎

𝐸 = 𝛾 𝑚0

𝑝 = 𝛾 𝑚0 𝑣







• Anisotropies on the CMB
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• BAO


