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Introduction and motivation 

1.The existence of a cosmic neutrino background (CNB), or also called relic neutrinos, is a consenquence 
of the thermal history of the universe where the neutrinos become to stream freely at kBT ∼ 1 MeV. 

2.Unlike the cosmic microwave background (CMB), the CNB not was yet been detected directly and such 
direct detection proves to be difficult Betts et al. (2013).  (1.9 ºK ≈ 0.00017 eV)

3.The authors in Follin et al. (2015) interpreted data about damping of acoustic oscillations of the CMB, 
shows a detection of the temporal phase shift generated by neutrino perturbations. 
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of the thermal history of the universe where the neutrinos become to stream freely at kBT ∼ 1 MeV. 

2.Unlike the cosmic microwave background (CMB), the CNB not was yet been detected directly and such 
direct detection proves to be difficult Betts et al. (2013).  (1.9 ºK ≈ 0.00017 eV)

3.The authors in Follin et al. (2015) interpreted data about damping of acoustic oscillations of the CMB, 
shows a detection of the temporal phase shift generated by neutrino perturbations. 

4.The properties the massive neutrinos play an important role on the dynamics of the universe inferring 
direct  changes  on  important  cosmological  sources  and  consequently  in  the  determination  of 
cosmological parameters (see Dol- gov (2002); Lesgourgues & Pastor (2006); Abazajian et al. (2015) for 
review). 

5.The effects of the relic neutrinos on the CMB and LSS are only gravitational, since they are decoupled 
(free streaming particles) at the time of recombination.



BNN
Production of light 
elements (H,He,Li)

CMB
Decouple radiation/matter

LSS
Structure formation

Effect of neutrinos and 
their properties

Introduction and motivation 



Introduction and motivation 

Implications

1. Particle physics: Physics beyond the standard model.

2. Cosmology: Neutrinos are the second most abundant particle in the 
universe and thus can affect different epochs in cosmic history.

Open questions

1. What is the hierarchical ordering of neutrino mass?

2. What is the absolute mass scale of neutrinos?

3.What is the nature of the neutrino? Dirac or Majorana?
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Cosmic Neutrino Background (CvB) 

Einstein Equations 

Cosmological principle

Christoffel symbols

Scale factor
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Important equations of Universe evolution 

Scale factor
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Important equations of Universe evolution 

!ρ ∼ a0
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Back to Friedmann equation 



Cosmic Neutrino Background (CvB) 

Back to Friedmann equation 
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Cosmic Neutrino Background (CvB) 

Some numbers from Planck 2018 



CνB and basic equations 

Friedmann equation 

Radiation density + relativistic neutrinos

—> Effective number of 
relativistic species

—> Lepton asymmetry

Chemical potential
Current temperature CvB 

Any excess in �  can be due to:
• Primordial Grav Waves (PGWs)
• Sterile neutrino
• Goldstone boson
• Lepton asymmetry (Matter/antimatter)
• In general “Dark radiation”

Neff

—> Majorana particles 
Neutrinos = Antineutrinos

—> Dirac particles 
Neutrinos �  Antineutrinos≠

E(a, Ωi) =
H(a, Ωi)

H0



CνB and basic equations 

Friedmann equation 

Matter energy density + non relativistic neutrinos

Fermi-Dirac phase space distribution

—> Neutrino mass

Ωm = Ωcdm + Ωb + Ων



CνB and Big Bang Nucleosynthesis (BBN) 

�Neff = 4

�Neff = 3

�Neff = 2



CνB and Cosmic Microwave Background (CMB) 

Sound horizon at recombination

Diameter distance from recombination 

Differential of Optical depth 



CνB and Cosmic Microwave Background (CMB) 

Sound horizon at recombination

Hubble horizon at matter-radiation equality

Damping scale at recombination



CνB and Large Scale Structure (LSS) 

Mass fluctuación R= 8 Mpc

Power spectrum of matter
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Mass fluctuación R= 8 Mpc

Power spectrum of matter



CνB and Large Scale Structure (LSS) 

https://arxiv.org/pdf/2010.00248.pdf
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Cosmic Neutrino Background (CvB) 

Effective number of relativistic species —> Neff = 3.0

From particle 
physics



Models and data analysis 

Sound speed parameter Viscosity parameter

Parameterizes the anisotropic stress

The evolution of standard neutrinos (non-interacting free-streaming neutrinos) is obtained for

Any deviation of this valúes can represent interactions with others relativistic particles



Models and data analysis 

1.CMB: We consider a conservative data set from Planck 2015 comprised of the likelihoods of 
temperature power spectrum (TT), low-polarisation and lensing reconstruction. 

2.BAO: The BAO measurements from the Six Degree Field Galaxy Survey (6dF) Beutler et al. 
(2011), the Main Galaxy Sample of Data Release 7 of Sloan Digital Sky Survey (SDSS-MGS) 
Ross  et  al.  (2015),  the  LOWZ  and  CMASS  galaxy  samples  of  the  Baryon  Oscillation 
Spectroscopic Survey (BOSS-LOWZ and BOSS-CMASS, respectively) Anderson et al. (2014), 
and the distribution of the LymanForest in BOSS (BOSS-Ly) Font-Ribera et al. (2014). 

3.HST: We also include the new local value of H0 as measured by Riess et al. (2016) with a 2.4 
% determination, which yields H0 = 73.02 ± 1.79 km/s/Mpc. 

4.GC: The measurements from the abundance of galaxy clusters (GC) are a powerful probe of 
the  growth  of  cosmic  structures.  The  cosmological  information  enclosed  in  the  cluster 
abundance is efficiently parameterized by S8=σ8(Ωm/α)^β, where σ8 is the linear amplitude of 
fluuctuations on 8 Mpc/h and α, β are the fiducial value adopted in each survey analysis. 
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Results 
We use the publicly available CLASS (Blas et al. 2011) and Monte Python (Audren et al. 2013) codes.

Figure 1. One-dimensional marginalized distribution and 68% CL and 95% CL regions for some selected parameters of the model I. 
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Figure 2. One-dimensional marginalized distribution and 68% CL and 95% CL regions for some selected parameters of the model II



Results 
We use the publicly available CLASS (Blas et al. 2011) and Monte Python (Audren et al. 2013) codes.
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Summary and conclusions 



New projects, new oportunities 



End…?Any collaboration will be welcome…! 


