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Abstract: <p>Massive neutral fermions can be realized in Nature as Majorana particles. Are neutrinos Majorana particles? Our most ac
theoretical prejudice can be verified by searching for neutrinoless double-beta decay. | will overview the current knowledge of the neutrinc
spectrum and discuss theoretical scenarios where cosmological data can contribute to resolve this challenging question. Some cosn
observables sensitive to neutrino masses are outlined.</p>
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WHERE ARE WE GOING!

Very aggressive limit by Lyman forest data from BOSS

Palanque-Delabrouille et al, 2014
If correct, very interesting situation if OVbb is discovered soon
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CONCLUSIONS

Discovery of neutrino masses by neutrino oscillations (flavor
conversion) opens the possibility to test whether neutrinos are
Majorana fermions or not.

Lots of work ahead:
- neutrinoless double-beta decay experiments
- more precise matrix elements
- neutrino mass measurements (lab)
neutrino mass measurements (Cosmos)

On the way, we may be surprised by finding BSM total lepton
number violating currents.
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BERESTCS INSENSI TV E S

Physical parameters mass matrix: 3 masses, 3 angles, | phase
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BERCSICS INSENSI TV E TS

Physical parameters mass matrix: 3 masses, 3 angles, | phase
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RERESTCS INSENSI TV E S

Physical parameters mass matrix: 3 masses, 3 angles, | phase
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RERESICS INSENSI TV E TS

Physical parameters mass matrix: 3 masses, 3 angles, | phase
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FRIRGER MASS SPLLLTIIN

NuFIT 2.0 (2014)
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Atmospheric + accelerator + reactor neutrino data: compatible.
Larger mass splitting, one large + one small mixing angles
Appearance in LBL + reactor: weak hints to CP phase
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SMALLER MASS SPLITTING
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IN SUMMARY:
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HOW

are generated these patterns of masses and mixings?

Strategy: lepton-quark differences may be simpler to explain
than detalled pattern of masses and mixings.

SM is defined by the gauge symmetries and the field content.
Anything allowed by the symmetries occurs in Nature.
Because of neutrino masses, we add right handed neutrinos.
Following our prejudice, the Majorana mass term should exist.

L=Lsv-mpVrVL+he. + 1/2mr VR CTVRr + hec.

Majorana mass term, Majorana neutrinos and Lepton Number
Violation are connected.
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PART [l: MAJORANA

TEORIA SIMMETRICA DELL’'ELETTRONE
E DEL POSITRONE

Nota di ETTORE MAJORANA

Majorana (sub. by

Sunto. -~ Si dimostra la possibilitd di pervenire a una piena simmetrizsa-
sione formale della teoria quantistica dell’eletirone e del positrone fa-
condo uso di un nuovo processo di quantizsasione, Il significato delle
equazioni di DIRAC ne risulta alquanto modificato ¢ non vi & piti luogo
a parlare di stati di energia negativa; nd a presumere per ogni altro
tipo di particelle, particolarmente neutre, Uesistenza di « antiparticelle »
corrispondenti ai « vuoti » di onergia nogativa,

Pirsa: 15050105 Page 20/42



Pirsa: 15050105

MAJORANA MASS TERM

Neutrinos: Real Majorana spinors of mass m

VR and VRS

are not mass eigenstates. Therefore, the Majorana mass term
iInduces mixing of the two states, I.e., the mass eigenstate Is a
combination of both (neutrino and antineutrino).

The Majorana mass term (non protected by SM symmetries)
splits a Dirac neutrino into two Majorana neutrinos

L=Lom-1/2 (!1(' ﬁ@[(O mn)(m[) mQ](\/; \/R( ')' e h.C.)

N my=mg

M Splitting due to mg
Dirac

neutrino v om,=my/meg
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The Seesaw models
@ Three types of models yield the Weinberg operator at tree

level
L H " H L H
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HOW MANY STATES AND PARAMETERS?
MINIMAL MODELS

Most general (renormalizable) Lagrangian compatible with SM
gauge symmetries:
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