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Can not do without neutrinos

Basic cosmogical and astro probe

key building block of the  Standard Model
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Consistency of SSB anomalies
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coupling unification

  Why 3 familiesWhy 3 families ...  
  Neutrino mass
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Precision era starts
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Number & properties of messengers

LOW-SCALE SEESAW     
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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Neutrinos : Lepton number?
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vs 

Neutrinos : Lepton number?

http://dx.doi.org/10.1103/PhysRevD.22.738
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btau unification  without GUTS

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

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

Bonilla et al          Phys.Lett. B742 (2015) 99 

Morisi et al Phys.Rev. D84 (2011) 036003 

vs 

Neutrinos : Lepton number?
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What makes the gauge couplings unify?  GUT (p decay)
                                                                  

     SUSY    

Boucenna, Fonseca, Gonzalez-Canales, JV  

Phys. Rev. D 91, 031702 (2015)

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

a near miss ...
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Boucenna et al
PhysRevD.86.073008
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Predicting neutrino mixingPredicting neutrino mixing
from residual CP symmetriesfrom residual CP symmetries

NOVA, DUNE

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.031702


Valle



Valle



Valle
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Addazi et al

No conventional GUT embedding string completion of EW model with

Quiver set-up free of gauge and string anomalies if extra RH states

no p decay, no RPV … neutron-antineutron oscillations added from exotic instantons

Phys.Lett. B759 (2016) 471-478
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arXiv:1604.02117  Addazi et al

 arXiv:1605.08362 

http://arxiv.org/abs/arXiv:1509.06683
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A.S. Barabash arXiv:1104.2714
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A.S. Barabash arXiv:1104.2714

Bonilla et al arXiv:1411.4883
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A.S. Barabash arXiv:1104.2714

Bonilla et al arXiv:1411.4883

 Dorame et al
NPB861 (2012) 259-270 PhysRevD.86.056001  

King et al Phys. Lett. B 724 (2013) 68 
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http://arxiv.org/abs/arXiv:1411.4883
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


diphoton

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


Basic cosmo & astro probe

May explain cosmo puzzles

diphoton

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


ISBN: 978-3-527-41197-9
458 pages
2015

All you ever
Wanted to know
About neutrinos
As guide to
New physics
 

fb.me/2ZAD7khZf

http://t.co/yUSLiF1cGX

http://dx.doi.org/10.1103/PhysRevD.25.2951
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PhysRevD93, 073009 (2016)
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Neutrinos afect the CMB 
and large scale structure 
in the Universe … 

are key in the synthesis of light 
elements 

 can “probe” the Universe 
 earlier than photons  …

BIG
BANG 



understanding the largest from the SM q, l ...
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Boucenna et al arXiv:1405.2332 PRD90 (2014) 055023

 http://arxiv.org/pdf/1502.00612v1 
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Lepton Quarticity versus Lepton number

 arXiv:1606.04543 

 arXiv:1606.06904 
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ArXiv:1605.01670       

 arXiv:1604.05690

http://dx.doi.org/10.1103/PhysRevD.92.053009

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

atmatm

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


Valle



Valle



Valle


	Slide 2
	Slide 4
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 52
	Slide 54
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 78
	Slide 80
	Slide 83
	Slide 85
	Slide 87
	Slide 88
	Slide 93
	Slide 96
	Slide 102
	Slide 104
	Slide 105

