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Outline

e State-of-the-art of standard neutrinos.

* Neutrino NSI in cosmology

* Neutrino self-interactions with light and not so light mediators



Neutrinos
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We know that neutrinos have mass. We
don’t have a direct measurement of them
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The standard model does not explain

*The most popular neutrino mass models



Anomalies

LSND -> MiniBoone 1, — z,

Two decade anomaly with a S/N of
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They observe less
events than expected
in Ga-71 detectors
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NeUtrinO COsmOlogy Theoretical computation
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We need two params
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When the rad/matter transition occurs?
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Neutrino cosmology

In general, they suppress the matter and
temperature spectra
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They also induce a phase In the acoustic :
peaks that cannot be mimicked by other = 10
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Neutrino cosmology - 2024
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NSI can explain why cosmology
can have strong mass bounds
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Neutrinos NSI (order zero effects)

..... a very incomplete list

The mediator can contribute to Neff

—21 O \ ....... — I/+I/(_>¢+¢
— 4'\\ | Vv T ¢ —> Ut ¢
ogo -6} X0 .

S

_g| Even if there is not

thermal equilibrium

-10¢t

5 -4 -3 -2 -1

logo(mg/MeV)




Similar results with

ACT, SPT, BICEP
Early 67.4%93
+
Planck
67.4%\2
. 4
DES + BAO + BBN
’ Late
74.077%
@
SHOES
69.8"\%
*
CCHP
738 a9
Miras
73.3", 5
HOLICOW
748" ]
MCP
76515 %
S
SBF
Early vs. late
73170 Combining all 570
e :
73.0%%-9 , .
e’ With Cepheids 570
722-71  With TRGB 410
v1.4
739275 With Miras 460
66 68 70 72 74 76 78 80

Hy (km s Mpc™)

75

Positive correlation between

Neff HO

Riess et al. (2018)

0.84

0.83

— 0.82

—- 0.81

~ 0.80

2.0

2.5 3.0 35
Nest

4.0

0.79

0.78

0.77

Neutrino self-interactions... and the HO tension

80



Similar results with

ACT, SPT, BICEP
Early 67.4'07
—
Planck
67.1:‘,;3
DES + BAO + BBN
74.0°)%
2
SHOES
69-31‘1 9
CCHP
73634
Miras
73.3’ e
HOLICOW
74.8'%
O
MCP

73.1°03 Combining all
— et

73.9°70 With Cepheids

—_—

72557 With TRGB

. 4

73.9'1%

Early vs. late

With Miras

66 68 70 72 74
Hy (kms™ Mpc™)

Positive correlation between

80

Neft Ho
75
Riess et al. (2018)
Tu
a 70 -
=
T
n
£ 65 -
T
60 -
I I |
2.0 :

H, = 73.04 = 1.04 km s~'Mpc~!

Neutrino self-interactions... and the HO tension

Self-interacting neutrinos lose
their free-streaming

Params adjust to have Ness bigger

than 3.04

Neutrino NSI imply a larger Ho



Perturbations (cosmological) Uy — UU
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Neutrino self-interactions

.... The mediator mass dictates the dynamics
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Self-interactions... up to 2022

Heavy mediator
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The tension can be solved (partially)

The GH values are so large to not to be seenon
experiments, astrophysics and BBN

Universal coupling
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Heavy mediator
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The tension can be solved (partially)

The GH values are so large to not to be seenon
experiments, astrophysics and BBN
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Self-interactions... up to 2022

Light mediator
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Update..
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~ Including flavor physics
Update...
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Neutrino self-interactions

.... The mediator mass dictates the dynamics
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Resonant region 107 eV <m, < 10° eV

scatt < OyV > n,

We use a Breit-Wigner
cross-section
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Resonant region 107 eV <m, < 10° eV

scatt < OpV > n,
We use a Breit-Wigner

cross-section
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Resonant region 107 eV <m, < 10° eV

scatt < OyV > n,
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We have to take into account all the available energies




Resonant region 107 eV <m, < 10° eV
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Pres(k)/PACDM(k)

Full Shape Galaxy spectrum
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Perspectives

* All neutrino self-interaction cases require extra radiation

* |n the heavy mediator case the bimodality of the coupling posterior has not
disappeared.

* For the light and resonant cases we need to include non-elastic processes
iInto the analysis.






