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Overview

Neutrinos have mass and mix

BSM

New Fermions (N)

or

New Scalars (flavor symmetries)

New particles come with new phenomenology

Early Universe is a good playground to look for it 
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At   𝑻~ 𝟎. 𝟓 𝑴𝒆𝑽 (𝒛~𝟏𝟎𝟗) : there is no energy to sustain

𝒆+𝒆− pair production 

Entropy balance:     𝑺𝒆± + 𝑺𝜸 and    𝑺𝝂 are diluted at the same rate

Thus,  after pair annihilation:    
𝑻𝜸

𝑻𝝂
=

𝟏𝟏

𝟒

ൗ𝟏 𝟑

∴ 𝑻𝝂 = 𝟏. 𝟗𝟓 𝑲

(𝟏. 𝟔𝟖 × 𝟏𝟎−𝟒𝒆𝑽)



Neutrino cosmology parameters



Free streaming and structure formation

Over dense regions collapse

while

neutrinos fly away

Evolution of primordial (matter) perturbations: 

ሷ𝜹 + 𝑷𝒓𝒆𝒔𝒔𝒖𝒓𝒆 − 𝒈𝒓𝒂𝒗𝒊𝒕𝒚 𝜹 = 𝟎

Neutrino free streaming scale: 𝒌 ≫ 𝒌𝑭𝑺 ∶ 𝜹𝝂 vanishes

metric pert. are reduced

• Shifts CMB power spectra & 

damps its amplitude

• Structures don’t form



Matter power spectrum

BAO

Anderson et al. 2013 [SDSS BOSS] 





Neutrino mass limits



Neff

Planck 2018



Big Bang Nucleosynthesis

Nucleosynthesis era:

𝟏𝟎𝟎 𝐌𝐞𝑽 ≳ 𝑻 ≳ 𝟎. 𝟎𝟓 𝑴𝒆𝑽
𝒕 ∼ 𝟑 − 𝟓𝒎𝒊𝒏
𝟏𝟎𝟖 < 𝒛 < 𝟏𝟎𝟏𝟐

But at 𝑻 ∼ 𝟏 − 𝟐𝑴𝒆𝑽
(𝒕~𝟎. 𝟐 𝒔𝒆𝒄)

neutrinos decouple

𝒆 + 𝒑 ↮ 𝝂 + 𝒏
𝒆 + 𝒏 ↮ ഥ𝝂 + 𝒑

gets fixed



Nucleosynthesis outputs



Neff

Planck 2018

𝑵𝒆𝒇𝒇 = 𝟑. 𝟎𝟒



Neutrino - scalar NSI



Neutrino - scalar NSI

Taule et al, 2022
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Neutrino  NSI

Phase space distribution function



Neutrino  NSI

In synchronous gauge: 

Phase space distribution function

Boltzmann Eq.  (in Fourier space) 𝜇 = 𝑘 ∙ ො𝑛
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Neutrino  NSI

𝑑𝛱 =
𝑔∗𝑑

3𝑝

2𝐸(2𝜋)3

Legendre mode decomposition:



Boltzmann neutrino hierarchy



Boltzmann neutrino hierarchy (RTA)

ൗ𝑪 𝒇𝟎
≈ 𝒂 𝚪 𝚿Relaxation time approximation



NSI bounds for heavy scalar mediator

𝓜 𝟐 = 𝟐𝑮𝒆𝒇𝒇
𝟐 𝒔𝟐 +𝒕𝟐 +𝒖𝟐

Heavy scalar mediator:

𝑮𝒆𝒇𝒇 = 𝒈𝝂
𝟐/𝒎𝝋

𝟐

Kreisch, Cyr-Racine, Dore, PRD 2020



NSI bounds for light scalar mediator

J. Venzor,G. García-Arrollo, APL, J. de Santiago, PRD 105, 123539 (2022)





J. Venzor,G. García-Arrollo, APL, J. de Santiago, 

PRD 105, 123539 (2022)

68% &  95% C.L



Resonant NSI effects

𝟏𝟎−𝟑𝒆𝑽 ≪ 𝒎𝝋 ≪ 𝟏𝟎𝟑𝒆𝑽

𝝈 𝒔 =
𝒈𝝊

𝟒

𝟒𝝅

𝒔

𝒔 −𝒎𝝋
𝟐 𝟐

+ 𝚪𝝋
𝟐𝒎𝝋

𝟐 𝚪𝝋⟶𝟎

𝒈𝝊
𝟐

𝒎𝝋
𝟐
𝒔𝜹(𝒔 −𝒎𝝋

𝟐 )



𝒈 = 𝟏. 𝟐𝟒 − 𝟎.𝟖𝟗
+ 𝟎.𝟕𝟖 × 𝟏𝟎−𝟏𝟑

95% C.L.

Preliminary!

68% &  95% C.L



𝒈 = 𝟐. 𝟕 − 𝟎.𝟐𝟎
+ 𝟎.𝟐𝟎 × 𝟏𝟎−𝟏𝟑

95% C.L.

Preliminary!

68% &  95% C.L



Resonant NSI bounds

Preliminary!



Resonant NSI effect on H0

Tension decreased down to about 2.8σ – 3.3 σ

Preliminary!



Effective thermal mass from scalar NSI

K. S. Babu, G. Chauhan, and P. S. B. Dev, PRD 101 (2020)



Effective mass from νNSI

J. Venzor, APL, J. de Santiago, PRD 103 (2020)



NSI effective mass effects on Tdec

J. Venzor, APL, J. de Santiago, PRD 103 (2020)



Light scalar NSI effects on Neff

J. Venzor, APL, J. de Santiago, PRD 103 (2020)



BBN bounds on light scalar NSI

J. Venzor, APL, J. de Santiago, PRD 103 (2020)



BBN bounds on light scalar NSI



Concluding remarks

• Neutrinos play an important role along termal history of

the Universe.

• Cosmological data (CMB, Matter spectrum, BBN) are 

sensible to neutrino physics through

𝑻𝒅𝒆𝒄, 𝒎𝝂 , 𝑵𝒆𝒇𝒇, (𝒌𝑭𝑺)

• NSI may alter such parameters, providing a way to 

explore for observational  bounds to the new couplings

• We have explored NSI effects on CMB-BAO-H0 data

and BBN for light scalar mediators, and around 

resonance  

More work underway… 





TT-PS





H0 Tension



Resonant NSI interaction limits



NSI effective mass effects on neutrino density

J. Venzor, APL, J. de Santiago, PRD 103 (2020)



Neff vs BBN

Burles, Nollett & Turner 1999
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