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LEPTONIC CKM MATRIX
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K — w23 . W13 . W12 Schechter & JV PRD22 (1980) 2227 & PDG

Rodejohann, JV Phys.Rev. D84 (2011) 073011
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THE ERA OF LEPTONIC CPV STARTS

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

Parameter Best fit£ lo 20 range 3o range

Am3,[1073 V7]
|Am3,[[1073 eV?] (NH)
|Am3,[[1077 eV?] (IH)
sin® 6,,/107!

012/"

sin® 6,,/107! (NH)

03/"

sin® 03/107! (IH)

03/"

sin® §,3/107% (NH)

613/°

sin® §,3/1072 (IH)

013/°
8/ (NH)
5/°

8/x (IH)
5/°

+0.19
?‘6{}—{].] 2
4005
248700

2,387 903

3.23+0.16
34.6+ 1.0
5.6771 055
489718
5.73%03
4921)3
2.26 +0.12
8.6703
229 +0.12
8.7+ 0.2
L4143
25417
1.48 +0.31
266 + 56

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
8.2-9.1
2.05-2.52
8.2-9.1
0.0-0.2.0
0-360

0.00-0.09 & 0.86-2.0
0-16 & 155-360

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
7.9-9.3
1.93-2.65
8.0-9.4
0.0-2.0
0-360
0.0-2.0
0-360

“There is a local minimum in the first octant, at sin’f,; = 0.473 with Ay® = 0.36 with respect to the global minimum
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fermion exchange

TYPE |

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

vy with v > vy > s

SCALE

MECHANISM

FLAVOR STRUCTURE



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

Vgl ~ -?_Jf with 01 > 19 > 03
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
Bazzocchietal, PRD81(2010) 051701



BOUCENNA, MORISI, AND VALLE

: : tr' TABLE 1. Matter content of the model, where iy =
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Radiative neutrino mass
in 331 scheme

# generations = # colours

Gauge vs Higgs
Singer, Valle, Schechter, Phys.Rev. D22 (1980) 738

PHYSICAL REVIEW D 90, 013005 (2014)
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BOUCENNA, MORISI, AND VALLE

TABLE 1 Matter content of the model, where iz =

(g, cp.tp. 1y) and dp = (dg. sp. bg.df. s5) (see text).
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BOUCENNA, MORISI, AND VALLE

Radiative neutrino mass TABLE 1 Matler content of the model, where fp =

(Up. Cp.tp. Ip) and dp = (dp, sg, bgp.d}, 55 ) (see text).

in 331 scheme { fr O Q g dx S 1 by o

1 1
# generations = # colours 57

Gauge vs Higgs
Singer, Valle, Schechter, Phys.Rev. D22 (1980) 738

PHYSICAL REVIEW D 90, 013005 (2014)
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BOUCENNA, MORISI, AND VALLE
: : : TABLE 1. Matter content of the model, where iy =
Rﬂ d'lattve neutrlno mass (g, .l 1) and dp = (dp. sp. bp, dy. 5p) (see text).
¢
in 331 scheme

# generations = # colours

Gauge vs Higgs
Singer, Valle, Schechter, Phys.Rev. D22 (1980) 738

PHYSICAL REVIEW D 90, 013005 (2014)
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many other low-scale neutrino mass schemes ... arXiv:1404.3751
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gauge coupling unification :
a near miss in SM?

108 101 RS

Energy scale (GeV)

What makes the gauge couplings unify? - A GUT (p decay)
- SUSY (LHC-I1)
- NEUTRINO PHYSICS

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

Boucenna, Fonseca, Gonzalez-Canales, JV arXiv:1411.0566

10° 108 101!

Energy scale (GeV)
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Orderin the chaos?

Flavor symmetries have the potential of relating Q & L masses ...

.. m;
E— R Morisi et al Phys.Rev. D84 (2011) 036003

fm,m, [ g

N Y

King et al Phys. Lett. B 724 (2013) 68
Morisi et al Phys.Rev. D88 (2013) 036001

Bonillaetal Phys.Lett. B742 (2015) 99
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. .-) & —
Babu-Ma-Valle PLB552 (2003) 207 e S111 (.7’1.‘3 =0
Hirschetal  PRD69 (2004) 093006


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

FLAVOR
SYMMETRY

Babu-Ma-Valle PLB552 (2003) 207
Hirsch et al PRD69 (2004) 093006

Tri-BiMaximal ansatz

(CP assummed)


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

FLAVOR
SYMMETRY

Babu-Ma-Valle PLB552 (2003) 207
Hirsch et al PRD69 (2004) 093006

Tri-BiMaximal ansatz Harrison, Perkins, Scott 2000

Altarelli, Feruglio 2005

. ') - &)
sin“ f10 = 1/3

(CP assummed)
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Deviation
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Anarchy

Donoghue et al PRD73
Hall,Murayama,Weiner,PRL
Altarelli, Feruglio,Masina,JHEP

Ishimori.etal ProgTheor
Phys Suppl 183 (2010) 1

Holthausen et al 1212.2411
change :
g9 Abelian
ansatz:
Albright, Dueck Rodejohann  Ding- Morisi, JV PRD87 (2013) 1211.6506
1004.2798 Boucenna,M,Tortola, JV

PRD86 (2012) 051301

Flavor roadmap
Fortsch.Phys. 61 (2013) 466-492
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Boucenna et al
PhysRevD.86.073008

Dorame et al Nucl Phys B861, 259-270

Bonilla et al Phys.Lett. B742 (2015) 99
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Bi-large mixing & Cabibbo angle
Boucenna et al, Phys. Rev. D 86, 051301(R)
reactor seeds solar & atm
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Bi-large mixing & Cabibbo angle

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

Ding, et al Phys.Rev. D87 (2013) 053013
Roy, Singh, ..arXiv:1211.7207

arXiv:1410.3658

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

S. Roy,"* S. Morisi,> T N. N. Singh,** and J. W. F. Valle*?
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Neutrinoless Double Beta Decay and flavor

A.S. Barabash arXiv:1104.2714
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Neutrinoless Double Beta Decay and flavor

A.S. Barabash arXiv:1104.2714
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Neutrinos affect the CMB
and large scale structure
in the Universe...

are key in the synthesis of
light elements

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

inflation
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Today
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Solar system forms\*
Star formation peak ‘
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Matter domination
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Nucleosynthesis
Light elements created - D, He, Li

Nuclear fusion begins

Quark-hadron transition
Protons and neutrons formed

Electroweak transition
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forces first differentiate

Supersymmetry breaking
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Grand unification transition
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SEESAW INFLATION, & MAJORON DARK MATTER.
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http://prd.aps.org/abstract/PRD/v88/i3/e036001
http://www.sciencedirect.com/science/article/pii/S0370269313004498
http://arxiv.org/abs/arXiv:1411.4883

DARK MATTER STABILITY FROM FLAVOUR SYMMETRY



DARK MATTER STABILITY FROM FLAVOUR SYMMETRY

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

* unbroken subgroup Hirsch, Morisi, Peinado, Valle
PRDS2 116003 (2010)
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Thank you !!
more at

WILEY-VCH

José W. F. Valle and Jorge C, Romao

Neutrinos
in High Energy and

Astroparticle Physics

PHYSICS TEXTBOOK

ISBN: 978-3-527-41197-9
456 pages
February 2015
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LIGHTEST NEUTRALINO DECAYS: PROBING NEUTRINOS @ LHC

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

chosen to fit neutrino osc. data f

Restrepo et al
PRD85 (2012) 023523

relic abundance
+ LHC searches

excluded by gamma
line searches @ 005 0.10 0.50 1.00 500 1000

Egret & Fermi-LAT me(GeV)



Forero, Tortola, JWFV arXiv:1405.7540

PHYSICAL REVIEW D 90, 093006 (2014)

Oscillations after nu2014

90, 99% CL ) 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 + 8AD) [Talk by Chao Zhang@ICHEP2014]



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
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