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However exciting ... EEMONS e
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Higgs not the last brick!

Standard model

Despite its great success
SM can not explain neutrinos

.. nor dark matter
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TYPE | TYPE II

Minkowski 77

Gellman Ramond Slansky 80
Glashow, Yanagida 79
Mohapatra Senjanovic 80
Lazarides Shafi Weterrich 81
Schechter-Valle, 80 & 82

Seesaw

Schechter-Valle 80/82

MECHANISM
SCALE Number & properties of messengers
LOW-SCALE SEESAW
FLAVOR STRUCTURE Mohapatra-Valle 86

Akhmedov et al PRD53 (1996) 2752
Malinsky et al PRL95(2005)161801
Bazzocchi et al, PRD81 (2010) 051701
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PHYSICAL REVIEW D 88, 016003 (2013)

Neutrino mixing with revamped A, flavor symmetry

*§. Morisi.>" J.C. Romdo."* and J. W.F. Valle®®




Flavor comelions




Flavor comelions

Boucenna et al
PhysRevD.86.073008

RENO

P Chen et al MOdQ\‘\ﬂdepeﬁuE“L
Phys.Lett. B753 (2016) 644-652 ﬂ AVOr approach

Phys.Rev. D94 (2016) no.3, 033002
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. Chen et al arXiv:1509.06683
JHEP01(2016)007

Addazi et al
Phys.Lett. B759 (2016) 471-478



. Chen et al arXiv:1509.06683

\Named ﬂa\lor pYEdictions JHEPO1(2016)007

Masses explained by choices

of the bulk parameters
http://arxiv.org/abs/arXiv:1610.05962
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Wa"ped ﬂa\lor predl\cnons JHEP01(2016)007

Masses explained by choices

of the bulk parameters

http://arxiv.org/abs/arXiv:1610.05962






Wpe-\\ Seesaw with spont (L) widition

Phys.Rev. D25 (1982) 774

Majoron

Astrophysical limit
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.073008

type-ll seesaw with sponit (1) vidiion

Phys.Rev. D25 (1982) 774
Naturally small induced vev
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A.S. Barabash arXiv:1104.2714




Neta & doulble beta decay
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The keV majoron as a dark matter particle
V. Berezinsky ! PLB318 (1993) 360

INFN, Laboratori Nazionali del Gran Sasso, I-67010, Assergi (AQ), Italy
and Institute for Nuclear Research, Moscow, Russia

and

J.W.F. Valle 2

Instituto de Fisica Corpuscular - IFIC/CSIC, Dept. de Fisica Teorica, Universitat de Valéncia,
46100 Burjassot, Valencia, Spain

Received 23 August 1993
Editor: R. Gatto

We consider a very weakly interacting keV_majoton as a dark matter panlcie (DMP), which provides Botirtk
critical density per = 1.88 x 10~2?h2 g/cmy’and the galactic scale My ~ m3 ,fmJ ~ 1012 Mg (my/1keV)~2 for galaxy
formation. The majoron couples to the leptens only through some new cErectly interacting partwles called DIPs
and this provides the required smallness of its couplifig-censtants e masses of these DIPs are gres 1en-tiTe scale
V; characterizing the spontaneous violation of the global lepton symmetry they are absent at the correspondmg phase
transition (T ~ V;) and the majorons are produced during the phase transition, never being in thermal equilibrium
during the hlStOI‘}‘ of the unwerse In the alternative case 2 < V; the majorons can be for a short period in thermal
equilibrium. This scenapio-is ASOIable-g 1
fluctuations compatible with the recent restrictions from the COBE experiment. It also provideshas
the existence of ahX-ray line at £, = m,r/l produc:ed by the decay J = Y + 7. A pamcl physics model which
provides the required sritalnes: 1e-possibility of the keV majoron
as a DMP in a consistent way and may & Servable raies for flavour ﬂulatmgdeca:m such as 4 — ey and
4 — 3e, testable in the laboratory.




Berezinsky, Valle PLB318 (1993) 360
Consistency with CMB
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Decaying Warm Dark Matter and Neutrino Masses
PRL99 (2007) 121301 .
M. Lattanzi"* and J. W. E. Valle™"
'Oxford Astrophysics, Denis Wilkinson Building, Keble Road, OX1 3RH, Oxford, United Kingdom

*Instituto de Fisica C orpuscular-C.S.1.C./Universitat de Valencia Campus de Paterna, Apt 22085, E-46071 Valencia, Spain
(Received 27 May 2007; published 20 September 2007)

Neutrino masses may arise from spontaneous breaking of ungauged lepton number. Because of
quantum gravity effects the associated Goldstone boson—the majoron—will pick up a mass. We
determine the lifetime and mass required by cosmic microwave background observations so that the
massive majoron provides the observed dark matter of the Universe. The majoron decaying dark matter
scenario fits nicely in models where neutrino masses arise via the seesaw mechanism, and may lead to
other possible cosmological implications.
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Decaying Warm Dark Matter and Neutrino Masses
PRL99 (2007) 121301 .
M. Lattanzi"* and J. W. E. Valle™"
'Oxford Astrophysics, Denis Wilkinson Building, Keble Road, OX1 3RH, Oxford, United Kingdom

*Instituto de Fisica C orpuscular-C.S.1.C./Universitat de Valencia Campus de Paterna, Apt 22085, E-46071 Valencia, Spain
(Received 27 May 2007; published 20 September 2007)

Neutrino masses may arise from spontaneous breaking of ungauged lepton number. Because of
quantum gravity effects the associated Goldstone boson—the majoron—will pick up a mass. We
determine the lifetime and mass required by cosmic microwave background observations so that the
massive majoron provides the observed dark matter of the Universe. The majoron decaying dark matter
scenario fits nicely in models where neutrino masses arise via the seesaw mechanism, and may lead to
other possible cosmological implications.
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type-l seesaw Leptogenesis
DARK MATTER Aristizabal et al JCAP 1407 (2014) 052
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EMa, Hirschetal JHEP 1310 (2013) 149


http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1

EMa, Hirschetal JHEP 1310 (2013) 149

W||\/|F_’ dark Matter as radiative Merle et al JHEP 1607 (2016) 013
neutrino mass messenger
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. arXiv:1606.04543
Chiulia et al

Dak Matter Stability rom Gaoes

Fields

Lepton Quarticity vs Lepton number
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arXiv:1606.04543

Chiulia et al

Dark Matter Stabiity fon Biaces

Fields

=

C. Bonilla et al. / Physics Letters B 762 (2016) 214-218

Table 1
Relevant particle content and quantum numbers of the model.

L e H »n N S
2 1 2 2 1 1
Ulyy, -1 3 0 0 -1 1
zoM 1 1 1 o o o
Z3 w? 1 1 w w?

SU2);
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arXiv:1606.04543

Chiulia et al
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Lepton Quarticity vs Lepton number

| non SUSY WIMP
SCOT.OQQ\'\\C Qiark matter staliity rom Diracnes

C. Bonilla et al. / Physics Letters B 762 (2016) 214-218

Table 1
Relevant particle content and quantum numbers of the model.

L e H »n N S
2 1 2 2 1 1
Ulyy, -1 3 0 0 -1 1
zoM 1 1 1 o o o
Z3 w? 1 1 w w?

SU2);
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* Accidental ? Lavoura, Morisi, JV JHEP 1302(2013) 118

* unbroken subgroup Boucenna, et al JHEP 1105 (2011) 037
Hirsch, et al Phys.Rev. D82 (2010) 116003

many choices
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m Arina etal PRL101 (2008) 161802
SUS W\mp darK matter Bazzocchi, Cerdeno, Munoz, J.V., PRD81 (2010) 051701
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susy inverse seesaw ... De Romeri, Hirsch, JHEP 1212 (2012) 106
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particle in the Universe
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onclusions

a most ubiquitous
particle in the Universe

neutrinos may explain DM
through an emergent theory ...

inflation
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Neutrinos in
High Energy and
Astroparticle Physics

Jose Wagner Furtado Valle,
Jorge Romao

José W.F. Valle an Jorge C. Romao

ISBN: 978-3-527-41197-9 Neutri
448 pages i HFTIHOS
February 2015 N High Energy ang

Astroparticle Physics

A self-contained modern
advanced textbook on

the role of neutrinos in
astrophysics and cosmology,
and high energy physics

Written by two renowned and well-established authors in the field.

Bridges the gap between neutrino theory and supersymmetric model building, so far
missing in the current literature.

Includes a thorough discussion of varieties of seesaw mechanism, with or without
supersymmetry.

Each chapter includes chapter summaries and further reading lists.

Full problem sets throughout and appendices with useful tables and equations.

$124.00 | £73.50 | €99.90 R --7

Please note that all prices are correct at time of going
to press but are subject to change without notice

WILEY-VCH WILEY
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http://arxiv.org/pdf/1405.4706.pdf
http://arxiv.org/pdf/1502.00612v1
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» Discover neutrino messengers

* Re-measure neutrino mixing angle
9


http://inspirehep.net/record/1290535

Joshipura & J.V.
Nucl.Phys. B397 (1993) 105-122

Higgs searches 2016 Bonilla Fonseca & J.V.
Phys.Lett. B756 (2016) 345-349 ...


http://inspirehep.net/record/1290535

PHYSICAL REVIEW D 91, 113015 (2015)
Neutrino mass and invisible Higgs decays at the LHC

Jorge C. Romdo,”" and José W.F. Valle"*

Cesar Bonilla

channel  ATLAS CMS
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http://dx.doi.org/10.1016/j.physletb.2016.08.028

Addazi et al arXiv:1604.02117

331 from stings

10.1016/j.physletb.2016.06.015

U\rac deeodW

Physics Letters B 755 (2016) 363-366

No conventional GUT embedding :

http://arxiv.org/abs/arXiv:1608.05334

string completion Quiver setup

L and B conserved : no proton decay, no RPV ...

neutron-antineutron oscillations from exoticinstantons


http://dx.doi.org/10.1016/j.physletb.2016.08.028

The Majora
CONNECTIGIEE.

BLACK
Even if mediated by e BOX
Sﬁort-mng € mwﬁanism e Schechter, JWFV 82
}[ng}y mediators Lindner et al JHEP 1106 (2011) 091

PHYSICAL REVIEW D 86, 055006 (2012)



http://dx.doi.org/10.1016/j.physletb.2016.08.028
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a near miss ...
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What makes the gauge couplings unify? SUSY-GUT
But ... p decay, super-particles ...

The physics responsible for gauge coupling
unification may also induce neutrino masses

Boucenna et al Phys. Rev. D 91, 031702 (2015)
Deppisch et al Phys.Lett. B762 (2016) 432
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Can Neutrinos shed lighit
on Charged fermion masses?

Flavor dependent
b-tau unification

. 1

.,""___-' I g I T . :_." m d m

Morisi et al Phys.Rev. D84 (2011) 036003
King et al Phys. Lett. B 724 (2013) 68

Morisi et al Phys.Rev. D88 (2013) 036001

Bonilla et al Phys.Lett. B742 (2015) 99

Neutrinos : Lepton number?
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