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 use this approx. in oscillation analyses

Rodejohann, JV  Phys.Rev. D84 (2011) 073011 

info on CP 
phase !!
with new 
T2K result
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Radiative neutrino 
mass 
in 331 scheme 

Boucenna, Morisi & JWFV arXiv:1405.2332

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

http://arxiv.org/abs/arXiv:1405.2332
http://dx.doi.org/10.1103/PhysRevD.22.738
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Boucenna, Morisi & JWFV arXiv:1405.2332

Radiative neutrino 
mass 
in 331 scheme 
# generations = # colours

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

Add 3 gauge singlets ...

 arXiv:1404.3751more on the low-scale approach to neutrino masses ... 

http://arxiv.org/abs/arXiv:1405.2332
http://dx.doi.org/10.1103/PhysRevD.22.738
http://inspirehep.net/record/1290535
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Bazzocchi, S. et al 
JHEP 1301 (2013) 033

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

Order in the chaos?

FLAVOR GUT

King et al Phys. Lett. B 724 (2013) 68-72 

http://prd.aps.org/abstract/PRD/v88/i3/e036001
http://www.sciencedirect.com/science/article/pii/S0370269313004498
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CHARGED LEPTONS

Sectors are separatedSectors are separated
by an extra Abelian Znby an extra Abelian Zn

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

A4

THE FLAVOR
PROBLEM

Altarelli, Feruglio 2005

Tri-BiMaximal ansatz Harrison, Perkins, Scott 2000

(CP assummed)



29

 arXiv:1305.6774

http://arxiv.org/abs/arXiv:1305.6774


30

 arXiv:1305.6774

STRIKING CORRELATION

http://arxiv.org/abs/arXiv:1305.6774
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OSCILLATION PARAMETER CORRELATIONS 

Boucenna et al
PhysRevD.86.073008

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

Boucenna et al
PhysRevD.86.073008

 Dorame et al Nucl Phys B861, 259–270

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.073008
http://www.sciencedirect.com/science/article/pii/S0550321312001952
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FLASY
2011, 2012,
2013, 2014, ...Gflavor
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Gflavor

Deviation
of TBM

Ishimori.etal ProgTheor 
Phys Suppl 183 (2010) 1

Holthausen et al 1212.2411 

FLASY
2011, 2012,
2013, 2014, ...
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FLASY
2011, 2012,
2013, 2014, ...

Flavor roadmap 
Fortsch.Phys. 61 (2013) 466-492   

Nilles, Morisi, JV 
Z. fur Phys, 2012

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.051301
http://arxiv.org/abs/1206.6678
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Bi-large mixing & Cabibbo angle 
Abelian Flavor Models  Boucenna et al, Phys. Rev. D 86, 051301(R)

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.051301
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Bi-large mixing & Cabibbo angle 
Abelian Flavor Models  

reactor seeds solar & atm

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

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

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.051301
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Neutrinoless Double Beta Decay

 

A.S. Barabash arXiv:1104.2714

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

 Dorame et al
NPB861 (2012) 259-270 

PhysRevD.86.056001   

Family symmetry dependent lower bound

King et al Phys. Lett. B 724 (2013) 68 

A.S. Barabash arXiv:1104.2714

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

 Dorame et al
NPB861 (2012) 259-270 

PhysRevD.86.056001   

Schechter, JWFV 82
Lindner et al JHEP 1106 (2011) 091Family symmetry dependent lower bound

King et al Phys. Lett. B 724 (2013) 68 

A.S. Barabash arXiv:1104.2714

http://www.sciencedirect.com/science/article/pii/S0550321312001952
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.056001
http://dx.doi.org/10.1103/PhysRevD.25.2951
http://dx.doi.org/10.1016/j.physletb.2013.05.067
http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1
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Seesaw inflation  & majoron dark matter  
Boucenna et al arXiv:1405.2332

inflaton

type-I seesaw

http://arxiv.org/abs/arXiv:1405.2332
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 seesaw leptogenesis  Aristizabal et al arXiv:1405.4706 
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 seesaw leptogenesis  Aristizabal et al arXiv:1405.4706 

 RH neutrino scatterings  

http://arxiv.org/pdf/1405.4706.pdf
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SNEUTRINO-like  

instead of neutralino ..

Arina et al   PRL101 (2008) 161802
Bazzocchi, Cerdeno, Munoz, J.V., PRD81 (2010) 051701

If neutrinos get mass a 
la Inverse seesaw susy 
Spectrum can change so … 

WIMP DARK MATTER
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ACCIDENT? Lavoura, Morisi, JV JHEP 1302(2013) 118 
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Dark Matter 
(quasi)
STABILITY 

Z2  PARITY

HIGGS PORTAL  

                                  from FLAVOUR SYMMETRY  

ACCIDENT? Lavoura, Morisi, JV JHEP 1302(2013) 118 
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OSCILLATIONS ROBUST ... PHASE, SPECTRUM, OCTANT, NSI ?  

ORIGIN OF NEUTRINO MASS  : WHICH MESSENGER ?  

 FLAVOR PATTERN: ANARCHY OR SYMMETRY ?

IS DARK MATTER  RELATED TO NEUTRINOS ?

   WHY STABLE ?  

 
 

   
Non-SUSY WIMP ? 
                              
Non-WIMP: MAJORON or GRAVITINO DECAYING DM … 
  

NEUTRINO PROPERTIES : TESTABLE @ LHC ?
                                                                                     



ISBN: 978-3-527-41197-9
456 pages
December 2014

In addition to classics e.g. TP Cheng & Ling Fong Li, 
Mohapatra & Pal, there are new particle physics books ... 
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sneutrino Masiero & Valle, PLB251 (1990) 273
Bhattacharyya & Pal, PRD82 (2010) 055013 

 
 

Diaz et al   PRD68 (2003) 013009, PRD62 (2000) 113008 

 Bazzocchi et al JHEP 01 (2013) 033 arXiv:1202.1529 

sneutrino 

Hall & Suzuki,
Ross & JV 85, Ellis et al 85, .. 

SUSY

ATM SCALE
SUSY-SEESAW

SOLAR SCALE
RADIATIVE

 SUSY ORIGIN OF NEUTRINO MASS 

EFF. BILINEAR RPVEFF. BILINEAR RPV 

PRD65 (2002) 119901; PRD61 (2000) 071703

http://dx.doi.org/10.1016/0370-2693(90)90935-Y
http://prd.aps.org/abstract/PRD/v68/i1/e013009
http://prd.aps.org/abstract/PRD/v62/i11/e113008
http://link.springer.com/article/10.1007/JHEP01(2013)033
http://arxiv.org/abs/1202.1529
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Lightest neutralino decay length

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

LIGHTEST NEUTRALINO DECAYS:  PROBING NUs @ LHC 

Nath et al NPPS 200-202 (2010) 185-417

Lightest neutralino decay 
correlates with atm angle

PRD82 (2010) 075002 &

 JHEP 0805:048, 2008 

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.075001
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Gamma line from decaying Gravitino dark matterGamma line from decaying Gravitino dark matter    
decays  suppressed by Planck mass & smallness of m-nu

 chosen to fit neutrino osc. data

excluded by gamma line 
searches @

Egret & Fermi-LAT

relic abundance 

+ LHC searches

 Restrepo et al
 PRD85 (2012) 023523 LHCLHC
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Schechter & JV PRD22 (1980) 2227 & PDG
   

LEPTON MIXING MATRIXLEPTON MIXING MATRIX

 Approximation used adopted in oscillation analyses

 majorana phasesmajorana phases (cf KM)
 oscillations versus L-violating processes

 

Rodejohann, JV  Phys.Rev. D84 (2011) 073011 

K Rectangular      K_eff. non-unitary
                               P Non-trivial  
                                                              NSI & LFVNSI & LFV 

http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
http://journals.aps.org/prd/abstract/10.1103/PhysRevD.23.1666


81

Forero, Tortola, JWFV arXiv:1405.7540Oscillations after nu2014

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]

http://arxiv.org/abs/arXiv:1405.7540
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