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- THE STANDARD MODEL
However exciting ... FERMIONS ot | BOSONS [ o

Leptons

Higgs not the last brick!

Standard model

Despite its great success
SM can not explain neutrinos

... A key building block
of the Standard Model
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TYPE | TYPE II
Minkowski 77

Gellman Ramond Slansky 80
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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


http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
http://prd.aps.org/abstract/PRD/v25/i3/p774_1

'9 \ v oo \\\"‘c\ﬁvo oo

) < Schechter & JV PRD22 (1980) 2227 & PDG

(a0 0 50980, a2 > 26y 10
R .y 2 00, " < 66 07 e hann, v Phys Rev. D84 (2011) 073011
(Y91 (X992 0 U

L (Y31 (Y32 (¥33 PLBlgg, 432 (1987)

PhysRevD.92.053009

non-unitary propagation hints associated
(relatively low—mass) type-l seesaw
messenger responsible for inducing neutrino mass
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http://prd.aps.org/abstract/PRD/v22/i9/p2227_1

Type-\| seesaw with sponit [ vidiasor

Phys.Rev. D25 (1982) 774

Astrophysical limit
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Phys.Rev. D25 (1982) 774 « Lepton # from accidental global U(1)
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Rad\at‘we NRULTINO fass

many low-scale neutrino mass schemes ...
arxXiv:1404.3751
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many low-scale neutrino mass schemes ...
arxXiv:1404.3751

331 electroweaKk_ theory # generations = # colours
Singer, Valle, Schechter, Phys.Rev. D22 (1980) 738


http://inspirehep.net/record/1290535
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many low-scale neutrino mass schemes ...
arXiv:1404.3751

331 electroweak theory # generations = # colours
Singer, Valle, Schechter, Phys.Rev. D22 (1980) 738

BOUCENNA, MORISI, AND VALLE

Gauge VS nggs TABLE 1. Matter content of the model, where g =

(ttp, Cp.to. 1) and dp = (dgp. Sp.br. ds. s%) (see text).
R:CR-IR- IR R R-SR-DRr. dR. SR

"

wi p O 03 Gp dp S ¢,
SU(3). 1 3 3 3 3 1
SU3), 3* 3 3* 3*

PHYSICAL REVIEW D 90, 013005 (2014)
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http://dx.doi.org/10.1103/PhysRevD.22.738
http://inspirehep.net/record/1290535



http://dx.doi.org/10.1103/PhysRevD.22.738
http://inspirehep.net/record/1290535

Babu-Ma-Valle PLB552 (2003) 207
Hirschetal  PRD69 (2004) 093006 sin? Héu,




Sym

Babu-Ma-Valle PLB552 (2003) 207 —
Hirschetal  PRDG9 (2004) 093006 ORIREETIERONS sin“ fy3 = 0
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metry

PHYSICAL REVIEW D 88, 016003 (2013)

Neutrino mixing with revamped A, flavor symmetry

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

Boucenna et al
PhysRevD.86.073008

M Odel—ihdepeﬁoeruL
flavor approach
P Chen et al
Phys.Lett. B753 (2016) 644-652
Phys.Rev. D94 (2016) no.3, 033002


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

Can Neutrinos _Shed light
n Charged fermlonmasses?

Neutrinos : Lepton number?


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

Can neutrinos shed fight
on Charged fermion masses?

Flavor dependent
b-tau unification
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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?



a near miss ...
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What makes the gauge couplings unify? SUSY-GUT
But ... p decay, super-particles ...


http://prd.aps.org/abstract/PRD/v88/i3/e036001
http://www.sciencedirect.com/science/article/pii/S0370269313004498
http://arxiv.org/abs/arXiv:1411.4883

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 1608.05334
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http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1

The Majorana
connection

Schechter, JWFV 82
Lindner et al JHEP 1106 (2011) 091


http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1
http://www.sciencedirect.com/science/article/pii/S0550321312001952
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.056001
http://dx.doi.org/10.1016/j.physletb.2013.05.067
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Schechter, JWFV 82
Lindner et al JHEP 1106 (2011) 091


http://dx.doi.org/10.1103/PhysRevD.25.2951

The MajordE
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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/10.1103/PhysRevD.25.2951

73 Gar (18; 00 39 Csam)



http://dx.doi.org/10.1103/PhysRevD.25.2951

Neutrino efe

» Discover neutrino messengers
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» Discover neutrino messengers
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Neurino efecs

» Discover neutrino messengers




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



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

Higgs searches 2016 Bonilla Fonseca & J.V.
Phys.Lett. B756 (2016) 345-349 ...
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. Chen et al arXiv:1509.06683
JHEP01(2016)007

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



“Can.n6t do without neutrinos

‘Basic.cosmogical and astro probe


http://arxiv.org/abs/arXiv:1509.06683

Neutrinos affect the CMB
and large scale structure
in the Universe...
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Life on earth

Acceleration
Dark energy dominate

Solar system forms\
Star formation peak \&
Galaxy formation era\ y
Earliest visible galaxies

- 14 billion years

Recombination Atoms form
Relic radiation decouples (CMB

Matter domination
Onset of gravitational collapse

Nucleosynthesis
Light elements created — D, He, Li

Nuclear fusion begins

Quark-hadron transition
Protons and neutrons formed

Electroweak transition
Electromagnetic and weak nuclear
forces first differentiate

Supersymmetry breaking

Axions etc.?

Grand unification transition
Electroweak and strong nuclear
forces differentiate

Inflation
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Neutrinos affect the CMB
and large scale structure
in the Universe...

are key in the synthesis of light
JENES

can “probe” the Universe
earlier than photons ...

Boucenna et al arXiv:1405.2332

inflation

haryogenesi

Chiulia et al
1606.04543 & Phys.Lett. B761 (2016) 431-436
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ryon asymmetry
Inflation
Dark energy


http://arxiv.org/abs/arXiv:1405.2332
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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






Addazi et al arXiv:1604.02117

331 from stings

10.1016/j.physletb.2016.06.015

U‘rac yecodW

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



. Chen et al arXiv:1509.06683
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http://arxiv.org/abs/arXiv:1604.02117

Model-independent fiavor approacn
X'mXx=m'l =

Predicting neutrino mixing
from residual CP symmetries
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http://arxiv.org/abs/arXiv:1509.06683

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
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S0RSa inflaion & majoun afcmate

2 i Dy 2 J
SR v’iﬁﬁﬂ i ]} . ']')\K Boucenna et al arXiv:1405.2332 PRD90 (2014) 05502

NEUTRINO MASSES DARK MATTER

INflATON .
type-l seesaw Leptogenesis

Quartic Higgs Inflation Aristizabal et al arXiv:1405.4706

'« INFLATION |

Tensor-to-scalar ratio

094 095 0.96 0.97 0.98 http://arxiv.org/pdf/1502.00612v1
Spectral index



http://arxiv.org/abs/arXiv:1502.01649

DAtk Watter Stabilityfrom Dira e i

Chiulia et al arXiv:1606.04543

arXiv:1606.06904

Lepton Quarticity vs Lepton number
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http://arxiv.org/abs/arXiv:1405.2332
http://arxiv.org/pdf/1502.00612v1
http://arxiv.org/pdf/1405.4706.pdf
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