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What do we know on neutrino masses?

Neutrino oscillations
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What do we know on neutrino masses?

SU(3)C X U(l)@

Quantum numbers(1, 0)

> Neutrinos can
be Majorana

/\ Singlet!
\/ Neutrino oscillations can
hot test the
Other fermions are charged, so MajOrana character

they can not be self-conjugated
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About Lepton Number Violation

Majorana neutrinos...
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Neutrinoless double beta decay
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Neutrinoless double beta decay

2 .
Decay rate (X ‘(mﬂ — ZmaUea J. Beringer et al.
o [Particle Data Group]

l I |||I|II| I IIIIIIII 1 | I I |||I|II|

QD

T T T TTTTT

Current

bounds o

Illlr

IH

0.001

le-05 0.0001 0.001 0.01 0.1 |

m,, [eV]

IV CPAN DAYS Mikael Chala, Universidad de Granada



So, open questions

ﬁ Are neutrinos Dirac or Majorana? \

e What are the absolute mass and
the hierarchy?

® Why so small?
® |[s CP violated in the lepton sector?

® Which is the new physics behind LNV?

x Could it be probed at the LHC? /
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Effective approach

Low energy
Neutrino masses process Effective
and Ov(p3 ‘ > approach
E ~ MeV

L =Lgp + Z o’

Ogn) + h.c.

Respect local symmetries

Involving SM gauge bosons
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LNV operators del Aguila et all,
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From neutrinoless double

del Aguila et all, beta decay bounds!
LNV operators arXiv:1204.5986 (2012) @
5 - ~ ~
OB) = (ZL ¢) (¢TZL) » Triplet A >~ 10'!'TeV

0(7) — (ngD'u’é) (ngéR’)/,u,ZL) Doublet A >~ 10 TeV

(at higher order)

OO = ere%(p' D ) (4T D @) Singlet A >~ TeV
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Can we look for a doubly charged singlet? (Displaced vertices?)
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LNV signal?

Effective
< vertex!
2
W E
() () Y
/ / 2
N UT  very
T * ;; 9  suppressed!

IV CPAN DAYS Mikael Chala, Universidad de Granada



-

N

207
p=1— == =vr~0 Sizable if the leptonic
v AuT Cuciodin coupling is small
symmetry

IV CPAN DAYS Mikael Chala, Universidad de Granada



01 - | | | | I | I

" o— ~15events 8 TeV
001 b5 Look for two same
signh leptons and

=
\533 0.001 F ? el
S | -1I2ET
0.0001 F <
: Less than 1 / f |
| event | - 4
1e-05 ' ' ' ' ' ' ' ~—

200 250 300 350 400 450 500 550 600

M r++

IV CPAN DAYS Mikael Chala, Universidad de Granada



BR(H* — Ul

100 150 200 250

T pr++ (GGV)

IV CPAN DAYS Mikael Chala, Universidad de Granada



Conclusions

A N

There are still open questions on neutrino masses
and LNV

® Effective theory description of low energy processes
® LNV described by just three effective operators

® What is the new physics?

\0 Time to LHC studies /
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