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PHYSICAL REVIEW D 90, 093006 (2014)
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Schechter & JV PRD22 (1980) 2227 & PDG

THE PRECISION ERA .

PHYSICAL REVIEW D 90, 093006 (2014) Rodejohann, JV Phys.Rev. D84 (2011) 073011

TABLE II. Neutrino oscillation parameters summary from the global analysis updated after Neutrino 2014 conference.

Parameter Best fit+ leo 26 range 3o range

Am3, [107° eV?]
|Am3,|[107* eV?] (NH)
|Am3,|[107? eV?] (IH)
sin® 6,/107!

0,5/°

sin® 6,3/107" (NH)
By4/°

sin® 6,5/ 107! (IH)
By4/°

sin® @;3/107% (NH)

019
7.607018

/. 0.05
A48 =0.07

2 0.05
%3 =006

3.23£0.16
346+ 1.0
g £~-+0.32
:’.f}?_ljj_la
48.9°18
4927 "*
2.26 U 12

7.26-7.99
2.35-2.59
2.26-2.48
2.92-3.57
32.7-36.7
4.14-6.23
40.0-52.1
4.35-6.21
41.3-52.0
2.02-2.50

7.11-8.18
2.30-2.65
2.20-2.54
2.78-3.75
31.8-37.8
3.93-6.43

38.8-53.3
4.03-6.40
39.4-53.1
1.90-2.62

0,3/° 8.6703 8.2-9.1 79-9.3
sin® @,3/107 (IH) 2.29 +0.12 2.05-2.52 1.93-2.65
0,5/° 8.7+ 0.2 8.2-9.1 8.0-9.4
5/m (NH) 1417033 0.0-0.2.0 0.0-2.0
5/° 25417 0-360 0-360
5/x (IH) 1.48 +0.31 0.00-0.09 & 0.86-2.0 0.0-2.0
5/° 266 + 56 0-16 &, 155-360 0-360

“There is a local minimum in the first octant, at sin’6,; = 0.473 with Ay? = 0.36 with respect to the global minimum

BEYOND UNITARITY : Miranda et al,

http://dx.doi.org/10.1103/PhysRevD.92.053009
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consistency of vacuum
flavour

coupling unification
gravity

dark matter
baryon asymmetry
Inflation

If so ...
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SM vacuum ...

Physics Letters B 716 (2012) 214-219
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Fig. 1. The 2o ellipses in the [M H,mfﬂle] plane that one obtains from the current
top quark and Higgs mass measurements at the Tevatron and LHC and which can be
expected in future measurements at the LHC and at the ILC, when confronted with
the areas in which the SM vacuum is absolutely stable, metastable and unstable up
to the Planck scale.



SM vacuum ...

Physics Letters B 716 (2012) 214-219

182
180
178
176
174

(GeV]

102
170
168
166
164

pole

t

120 122 124 126 128 130 132
My [GeV]

Fig. 1. The 2o ellipses in the [M H,mfﬂle] plane that one obtains from the current
top quark and Higgs mass measurements at the Tevatron and LHC and which can be
expected in future measurements at the LHC and at the ILC, when confronted with
the areas in which the SM vacuum is absolutely stable, metastable and unstable up
to the Planck scale.



SM vacuum ...

Physics Letters B 716 (2012) 214-219
182
180
178
176
174

(GeV]

172

pole

t

170
168
166

164
120 122 124 126 128 130 132

My [GeV]

Fig. 1. The 2o ellipses in the [M H,mfﬂle] plane that one obtains from the current
top quark and Higgs mass measurements at the Tevatron and LHC and which can be
expected in future measurements at the LHC and at the ILC, when confronted with
the areas in which the SM vacuum is absolutely stable, metastable and unstable up
to the Planck scale.




SM vacuum ...

Physics Letters B 716 (2012) 214-219

182
180
178
176
174

(GeV]

172

pole

t

170
168
166
164

Neutrinos & Stability?

arxXiv:1506.04031

120 122 124 126 128 130 132
My [GeV]

Fig. 1. The 2o ellipses in the [M H,mfﬂle] plane that one obtains from the current
top quark and Higgs mass measurements at the Tevatron and LHC and which can be
expected in future measurements at the LHC and at the ILC, when confronted with
the areas in which the SM vacuum is absolutely stable, metastable and unstable up
to the Planck scale.



http://arxiv.org/abs/arXiv:1506.04031

PHYSICAL REVIEW D 92, 075028 (2015)

Consistency of the triplet seesaw model revisited

Cesar Bnnilla,* Renato M. F‘DI'ISE:CEI,T and J. W.F. Valle

AHEP Group, Instituto de Fisica Corpuscular, C.5.1.C./Universitat de Valéncia,
Edificio Institutos de Investigacion, Apartado 22085, E-46071 Valencia, Spain
(Received 17 August 2015; published 21 October 2015)

arXiv:1508.02323
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must break lepton number to give
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Neutrinos e Invisible Higgs

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

N ~  2f . : 1,
Cesar Bonilla,” Jorge C. Romao,”" and José W.F. Valle

JWF Valle
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Neutrinos &'Invisible Higygs

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

1. L* ~ 2% , ~ 1,3
Cesar Bonilla,” Jorge C. Romao.” and José W.E. Valle
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Neutrinos & Invisible Higgs channel  ATLAS CMS
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origin of neutrino mass and seesaw
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origin of neutrino mass and seesaw

fermion exchange Scalar-exchange
TYPE | TYPE I
Minkowski 77 Schechter-Valle 80/82

Gellman Ramond Slansky 80
Glashow, Yanagida 79
Mohapatra Senjanovic 80
Lazarides Shafi Weterrich 81
Schechter-Valle, 80 & 82
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origin of neutrino mass and seesaw

fermion exchange Scalar-exchange
TYPE | TYPE I
Minkowski 77 Schechter-Valle 80/82

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

U301 ~ t-‘f with v > 19 > 13
SCALE
Number & properties of messengers
MECHANISM
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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Radiative neutrino mass
many low-scale neutrino mass schemes ...  arxiv:1404.3751

3.3c1 scheme # generations = # colours

Singer, Valle, Schechter, Phys.Rev. D22 (1980) 738
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Radiative neutrino mass
many low-scale neutrino mass schemes...  arxiv:1404.3751

3L3c1 scheme # generations = # colours
Singer, Valle, Schechter, Phys.Rev. D22 (1980) 738

PHYSICAL REVIEW D 90, 013005 (2014)

Radiative neutrino mass in 3-3-1 scheme

PHYSICAL REVIEW D 90, 013005 (2014)
ks s

Gauge vs Higgs
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gauge coupling
unification :
a near miss ...
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Energy scale (GeV)

What makes the gauge couplings unify?
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gauge coupling
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Energy scale (GeV)

What makes the gauge couplings unify? GUT (p decay)
SUSY
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gauge coupling
unification :
a near miss ...

108 it 1014 1017

Energy scale (GeV)

What makes the gauge couplings unify? GUT (p decay)
SUSY

NEUTRINO

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

Phys. Rev. D 91, 031702 (2015)
Boucenna, Fonseca, Gonzalez-Canales, JV

108 1011 1014 JWF Valle

Energy scale (GeV)
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Flavor problem

pattern of masses...

.FHT 'F”.‘..'

fm ,m

\ oo N fmgmg

b-tau unification without GUTS...

King et al

Morisi et al
JWF Valle

Bonilla et al



Flavor problem

attern masses... “
F Of pattern Of mixing parameters oo

Anarchy ?

b-tau unification without GUTS...

King et al

Morisi et al
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PHYSICAL REVIEW D 88, 016003 (2013)

Neutrino mixing with revamped A, flavor symmetry

D. V. Forero, "** S. Morisi,”' J.C. Romio,"* and J. W.F. Valle™®
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OSCILLATION PARAMETER CORRELATIONS

Boucenna et al
PhysRevD.86.073008

Normal Hierarchy

JWF Valle
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The violation of lepton universality usually comes together with
the violation of lepton flavor. Based on symmetry arguments,
where Glashow, Guadagnoli and Lane [19] recently argued that the ob-
servation of universality violation in the lepton flavor conserving
(LFC) B— K t:’t”r decays implies the existence of the lepton flavor
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The violation of lepton universality usually comes together with
the violation of lepton flavor. Based on symmetry arguments,
Glashow, Guadagnoli and Lane [19] recently argued that the ob-
servation of universality violation in the lepton flavor conserving
(LFC) B— K t:’t”r decays implies the existence of the lepton flavor

i Jviolating (LFV) processes B — K .E;“ET (with i # jﬂ

]

Physics Letters B 750 (2015) 367-371

Boucenna, Vicente JWF Valle
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The violation of lepton universality usually comes together with
the violation of lepton flavor. Based on symmetry arguments,
Glashow, Guadagnoli and Lane [19] recently argued that the ob-
servation of universality violation in the lepton flavor conserving
(LFC) B— K E?’Ef_ decays implies the existence of the lepton flavor

Boucenna, Vicente JWF Valle




Neutrinoless Double Beta Decay and flavor

A.S. Barabash arXiv:1104.2714
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Bonilla et al arXiv:1411.4883
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Neutrinoless Double Beta Decay and flavor

A.S. Barabash arXiv:1104.2714
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NPB861 (2012) 259-270 JWEF Valle King et al Phys. Lett. B 724 (2013) 68



Neutrinoless Double Beta Decay and COLLIDERS

BLACK

BOX

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

Short versus [ong-mnge and the LHC PHYSICAL REVIEW D 86, 055006 (2012)

PHYSICAL REVIEW D 86, 055006 (2012)

JWF Valle
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Neutrinos affect the CMB
and large scale structure
in the Universe...

Today
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
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