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SM vacuum

Physics Letters B 716 (2012) 214-219
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Fig. 1. The 20 ellipses in the [M y,mfﬂl’"] 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 ... Can Neutrinos bring Stability?

Physics Letters B 716 (2012) 214-219
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Fig. 1. The 20 ellipses in the [M y,mfﬂl’"] 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.



Neutrinos & Stability

Vo, H) = p2|o* + 2H H + \ |o*
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Vacuum stability with spontaneous violation of lepton number

Cesar Bonilla, Renato M. Fonseca and José W. F. Valle
AHEP Group, Institut de Fisica Corpuscular — C.S.1.C. /Universitat de Valéncia, Parc Cientific de Paterna.
C/ Catedratico Jose Beltran, 2 E-}6980 Paterna (Valencia) - SPAIN
(Dated: June 15, 2015)
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In addition to SM gauge invariance must break lepton number to give
Masses to neutrinos
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Neutrinos &'Invisible Higgs

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

> ],! — 2,_; # 3 ],::
Cesar Bonilla,” Jorge C. Romao,”" and José W.FE. Valle
|

2 A2 1/2
T (Hy — HyHy) = JRi (20
32mmpy, m,

1 9H.77
L(Hi = JT) = 327 my.



Neutrinos &'Invisible Higgs

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

> ],H e 2,_; # 3 ],::
Cesar Bonilla,” Jorge C. Romao,”" and José W.FE. Valle

Am2, \ /2
[ (Hy = HyHy) = et (47,
327mmpy, miy,

1 917
I'(H; — J.J .
I( )= 327 mgy,

channel  ATLAS CMS
iy 1174027 1.147)3%
pww  1.00T003 0.83 +£0.21
pzz 1447932 1.00 £ 0.29
frrr—  1ATDS 091 £0.27
I 02705 0.93+0.49




Neutrinos &'Invisible Higgs chanmel ATLAS  CMS

1 13 —|—'D 2("]
PHYSICAL REVIEW D 91, 113015 (2015) Py 1172027 1.1479753
Neutrino mass and invisible Higgs decays at the LHC | .y 1.007052  0.83 £0.21
Cesar Bonilla,"" Jorge C. Romdo,”" and José W.E. Valle"* 177 1. _l_l+8 %g 1.00 £+ 0.29
A2 1/2 0
D (Hy — HiHy) = AT e - 1470% 0914027
32Tmmw, mi, .
Iy 0.270¢  0.9340.49
1
D(H; — JJ) = Git.11
327 mgy,
v4=1000 GeV
T
0.6 - -
¥ Q
0.4 o , e
0.2 - - -
° 0 0.2 0.4. 0.6 0.8 1

Hyy



Neutrinos &'Invisible Higgs
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NEUTRING MIXING

Schechter & JV PRD22 (1980) 2227 & PDG
Rodejohann, JV Phys.Rev. D84 (2011) 073011




NEUTRINO MIXING & OSCILLATIONS

Schechter & JV PRD22 (1980) 2227 & PDG
Rodejohann, JV Phys.Rev. D84 (2011) 073011

PHYSICAL REVIEW D 90, 093006 (2014)
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The precision era ...

PHYSICAL REVIEW D 90, 093006 (2014)

TABLE II. Neutrino oscillation parameters summary from the global analysis updated after Neutrino 2014 conference.
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origin of neutrino mass and seesaw
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origin of neutrino mass and seesaw

fermion exchange
TYPE |

Minkowski 77

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 II
Minkowski 77 Schechter-Valle 80/82

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

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

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

U3 ~ r: with v > v9 > v
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



Radiative neutrino mass
many low-scale neutrino mass schemes ... arXiv:1404.3751



Radiative neutrino mass
many low-scale neutrino mass schemes ... arXiv:1404.3751

331 scheme # generations = # colours

Gauge vs Higgs
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)
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What makes the gauge couplings unify? - A GUT (p decay)
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What makes the gauge couplings unify? - A GUT (p decay)
- SUSY (LHC13)



gauge coupling
unification :
a near miss ...

108 101 RS 1017

Energy scale (GeV)

What makes the gauge couplings unify? - A GUT (p decay)
- SUSY (LHC13)

- NEUTRINO PHYSICS

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

Boucenna, Fonseca, Gonzalez-Canales, JV

10° 0% 10% Phys. Rev. D 91, 031702 (2015)
Energy scale (GeV)







pattern of charged fermion masses...
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pattern of charged fermion masses...

b-tau unification without GUIS...
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
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pattern of oscillation parameters ...

pattern of charged fermion masses...

b-tau unification without GUIS...
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
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pattern of oscillation parameters ...

pattern of charged fermion masses...

b-tau unification without GUIS...
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
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Babu-Ma-Valle PLB552 (2003) 207
Hirschetal  PRD69 (2004) 093006
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Babu-Ma-Valle
Hirsch et al

PLB552 (2003) 207
PRD69 (2004) 093006

FLAVOR
SYMMETRY

sin? Ga3 = 0.C S111 613 =0

—

Ishimori.etal ProgTheor Phys Suppl 183 (2010) 1
Holthausen et al 1212.2411

Morisi, JV  Fortsch.Phys. 61(2013) 466-492
King, Merle, Morisi, Shimizu, Tanimoto NJP


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

arX1v:1305.6774

PHYSICAL REVIEW D 88, 016003 (2013)

Neutrino mixing with revamped A, flavor symmetry
|
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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**

STRIKING CORRELATION




OSCILLATION PARAMETER CORRELATIONS

Boucenna et al
PhysRevD.86.073008



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

Bi-large mixing & Cabibbo angle

Boucenna et al, Phys. Rev. D 86, 051301(R)



Bi-large mixing & Cabibbo angle

Boucenna et al, Phys. Rev. D 86, 051301(R)
reactor seeds solar & atm

sinfliz3 = A;
sinflig = s A;

sinfloz = a A,
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Bi-large mixing & Cabibbo angle

Boucenna et al, Phys. Rev. D 86, 051301(R)
reactor seeds solar & atm

sinfi3 = A; Apbelian f[avor Models

sinfia = s A; Ding, et al Phys.Rev. D87 (2013) 053013
sinflo3 = a A,




Bi-large mixing ¢ Cabibbo angle
Boucenna et al, Phys. Rev. D 86, 051301(R)
reactor seeds solar & atm

sinfi3 = A; Abelian f[cwor Models

sinfio = s A\; Ding, et al Phys.Rev. D87 (2013) 053013
sin fos =

The Cabibbo angle as a universal seed for quark and lepton mixings

S. Roy et al. / Physics Letters B 748 (2015) 1-4
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Neutrinoless Double Beta Decay

A.S. Barabash arXiv:1104.2714




Neutrinoless Double Beta Decay and flavor

A.S. Barabash arXiv:1104.2714

s
H

Family symmetry dependent lower bound Bonilla et al arXiv:1411.4883



Neutrinoless Double Beta Decay and flavor

A.S. Barabash arXiv:1104.2714
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Neutrinoless Double Beta Decay significance

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


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

Neutrinoless Double Beta Decay significance

BLAC‘E

BDX

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

Short versus long-range and the LHC

PHYSICAL REVIEW D 86, 055006 (2012)
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Neutrinoless Double Beta Decay and colliders
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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)
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Neutrinos affect the CMB
and large scale structure
in the Universe...

are key in the synthesis of
light elements
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seesaw inflation & majoron dark matter
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seesaw inflation & majoron dark matter

Boucenna et al arXiv:1405.2332  PRD90 (2014) 055023

DARK MATTER

INflATON

tyne-1 seesaw Leptogenesis
Quartic Higgs Inflation Aristizabal et al arXiv:1405.4706

'« INFLATION

Tensor-to-scalar ratio

0.94 0.95 0.96 0.97 0.98 http://arxiv.org/pdf/1502.00612v1
Spectral index




Thank you ...

Thank you Ernest !!
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dark matter majorons Berezinsky, Valle PLB318 (1993) 360




dark matter majorons
Consistency with CMB

Lattanzi & Valle, PRL99 (2007 121301
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dark matter majorons Berezinsky, Valle PLB318 (1993) 360
Consistency with CMB

Lattanzi & Valle, PRL99 (2007 121301
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DARK MATTER STABILITY FROM FLAVOUR SYMMETRY


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

DARK MATTER STABILITY FROM FLAVOUR SYMMETRY

* accidental? Lavoura, Morisi, JV JHEP 1302(2013) 118

* unbroken subgroup Hirsch, Morisi, Peinado, Valle
PRDS2 116003 (2010)


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

DARK MATTER, FROM FLAVOUR SYMMETRY

* accidental? Lavoura, Morisi, JV JHEP 1302(2013) 118

* unbroken suﬁgroup Hirsch, Morisi, Peinado, Valle
PRD&2 116003 (2010)
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LIGHTEST NEUTRALINO DECAYS: probing neutrinos @ [hc13

De Campos et al
Phys.Rev. D86 (2012) 075001

Lightest neutralino decay
correlates with atm angle
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decaying Gravitino dark matter
decays suppressed by Planck mass & smallness of m-nu

Restrepo et al
PRD&5 (2012) 023523

relic abundance
+ LHC searches

excluded by gamma
line searches @ 050 1.00 500 10.00
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If neutrinos get mass a
la Inverse seesaw susy
Spectrum can change so ...

LSP is SNEUTRINO-like

instead of neutralino ..

Arina etal PRL101 (2008) 161802
Bazzocchi, Cerdeno, Munoz, J.V., PRD81 (2010) 051701
De Romeri, Hirsch, JHEP 1212 (2012) 106

wimp dark matter




Forero, Tortola, JWFV arXiv:1405.7540

PHYSICAL REVIEW D 90, 093006 (2014)

Oscillations after nu2014

90, 99% CL

LEL 4+ scl + EamLAND + SBL reactors + SEK-atmosph

F

0.06 0

Double Chooz: 467.9 days [arXiv:1406.7763]
RENO: 800 days [talk by Seon-Hee Seo@ICHEP2014]
Daya Bay: 621 days of data (6AD + 8 AD) [Talk by Chao Zhang@ICHEP2014]



Table 2

Experimental and predicted quark masses and mixing parameters from our fit,
Quark masses (at the scale of the Mz) have been taken from [18], while quark
mixing angles have been taken from [19]. The third column displays our predicted
values from Eqs. (27) which are in very good agreement with the experimental data.

Observable Experimental value Model prediction
mgy [MeV] 2.9403 2.93

ms [MeV] 57.7112% 62

mp [MeV] 2820750 2830

my [MeV] 1.457038 1.63
mc [MeV] 635 + 86 640
m [GeV] 172.1+0.6+0.9 172.1

|Vus| 0.22534 + 0.00065 0.2253
Vbl 0.0035170 00012 0.00347

Vbl 0.04127900°2 0.0408
] 2.9610-22 2.93

. m
pattern of charged fermion masses T_ M

e . T,
B-tau unification without GUIS ... el Mgy
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