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Neutrinos have mass!
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There are experimental evidence showing that neutrinos
are massive particles
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Neutrinos have mass!

The observation of flavor oscillations has opened new questions, such as the origin of the neutrino masses
To explain the origin of the neutrino mass, we can add a right-handed state (/Vy,)

gl/

mass
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> YL Ny + < MNiN +h..c.

* The Majorana mass term breaks Lepton's number Y, v

« For small My, neutrinos will behave as Dirac particles \/5




Pseudo Dirac Neutrinos

The active states can be written as a supperposition of two almost degenerate mass eigenstates
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Difusse Supernova Neutrino Background
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Diffuse Supernova Neutrino Background

Considering a detector like Hyper-Kamiokande
doped with Gd

Pseudo—-Dirac neutrinos — HK

The DSNB probes Gpc scales
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Pseudo Dirac Neutrinos with Astrophysical Sources

lceCube has identified several candidate sources that can be used to search for pseudo-Dirac neutrinos
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Pseudo Dirac Neutrinos with Astrophysical Sources

lceCube is planning an upgrade corresponding to a volume ~10 times larger, allowing
the observation of new sources.

* A dip in the neutrino spectra of several sources will
robustly indicate this scenario.
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Neutrinos have mass!

The observation of flavor oscillations has opened new questions, such as the origin of the neutrino masses

To explain the origin of the neutrino mass, we can add a right-handed state (V)

_ - 1 _
g%@ass D YI/LL¢NR + EMRN]CQNR + h.C.

« Large values of My can explain the smallness of the neutrino mass (Seesaw)

YZ viz
m, ~ My ~ My + O (my)  The masses predicted by the Type | seesaw are
Mp, hard to test

* There are other scenarios where the Majorana
mass can take smaller values




HNLs

In the presence of NR, the flavor states can be written as a
superposition of massive states as

Val, = Z Uaml/ mL + Ua4N 4.

Several analysis has searched for HNLs

Fernandez-Martinez, Gonzalez-Lopez, Hernandez-Garcia,
Hostert, Lopez-Pavon, arXiv:2304.06772
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HNLs

The copling of the HNLs with the SM fermions via mixing makes that they can be produced in meson decays

* Accelerators or beam dump experiments Several experiments have been proposed
* The typical signal expected is a displaced vertex (SHIP, Sadows...)
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HNLs

Muon coupling dominance: Uz: Ui:U_% =0:1:0

~_ 1072 S —
= low mass bounds
Beam dump experiments can - 1073 Ag\x
. ign  m _— \ —
iIncrease the sensitivity . \ . DELPHI
10~ .
5 PIEN
10 B
Smaller CMS
separation 107°
2 | .
Y 107 | POt R ZONT[ stapdws, sx10” por
2-spectro ?ters (solid)
-8 [~. y
10
~~~~~ SHiP 2x10% pot
-9 [ - solid: without B o
La rger 10 - dotted: with B, (upper limit)
separation _10
10
1 E T
1() | | IIIIIII | | IIIIIII \I | .I.T'hllll ] ] 1 1. 1111
Mass 107 107! ] 10 10°

Abdullahi et al. arXiv:2203.08039 mN[GeV]




HNLs

The coupling of HNLs with electron neutrinos can be searched for in Ovfff experiments
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Leptogenesis

The HNLs decay into leptons generates a lepton asymmetry (N — HI)

_ | _
gII;%ZSS :) YI/LL¢NR + EMRNICQNR + h .C.
Large CP-violation can be generated (¢ ~ 107°) for very . ['(N - IH)-T(N - [H")
heavy masses My > (O.leV/my)l()lOGeV [y

Ney = (623 £0.17) x 10719

Lepton asymmetry is transform to Baryon asymmetry via sphaleron
P g g g g yViash ngpy = (6.08 £ 0.06) x 10717

PBH has got a lot interest in the recent year. It would be interesting to understand their interplay with leptogenesis.




PBH and Leptogenesis
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At the final stage, particle emission intensifies The neutrino burst can be observed by
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Neutrino Masses in Cosmology

Neutrino masses affect cosmological measurement through their free-streaming and their contribution to
non-relativistic matter density at low redshift
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Neutrino Masses in Cosmology

» Considering scenarios other than ACDM, the
tension with neutrino oscillations iIs reduced
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* Time-varying equation of state for dark energy
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Conclusions

The discovery of the neutrino masses has raised new questions about how to explain them.

One option to explain neutrino masses is to add a right-handed neutrino, which allows for the possibility
of Majorana neutrino masses.

Light values of this mass might leave an imprint on the astrophysical neutrino fluxes through oscillation
between active and sterile states.

Majorana masses on the GeV scale can be investigated in laboratory experiments such as beam dumps
or neutrinoless double beta decay.

Such heavy states could be responsible for the baryon asymmetry observed in the universe.

Cosmology is also sensitive to neutrino masses. Recent results are intension with neutrino oscillations,
raising the question of whether this indicates BSM.
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