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http://www.symmetrymagazine.org/article/the-deconstructed-standard-model-equation
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David Griffiths
Good introduction to elementary particles …
Wiley-VCH

Paul Langacker, 2010
The standard model and beyond 
Scholarly … good for reference

Kim & Pevsner … 90’s good for MSW  ….

Giunti, Kim 2007 … 
good general astro aspects 



● Neutrino oscillations  
● experimental status
● Atmospheric octant, CP violation & mass ordering
● Short & long-term prospects
● theoretical predictions 
● Robustness and non-unitarity or NSI
● Beta & double beta decay
● Current experimental status 
● Short & long-term prospects & absolute neutrino mass 
● Theoretical significance of neutrinoless  ββ decay: the black box  
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vs 

Phys.Rev. D86 (2012) 051301 

 Phys.Lett. B748 (2015) 1-4  

http://arxiv.org/abs/arXiv:1706.00210

http://arxiv.org/abs/arXiv:1705.06320

http://dx.doi.org/10.1007/JHEP01(2016)007

http://arxiv.org/abs/arXiv:1706.00210
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Forero et al include (incomplete) sample, but “safe” .. directly from expt ..
Gonzalez-Garcia et al removes atm data, does not include them at all
Fogli et al performs a “theory” simulation .. reliability?
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10.1016/j.physletb.2017.05.080
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https://arxiv.org/pdf/1702.03160.pdf

https://arxiv.org/pdf/1702.03160.pdf
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Schechter & JV PRD22 (1980) 2227 & PDG
   

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

Escrihuela, Forero, Miranda, Tórtola & Valle PhysRevD.92.053009

Valle PLB199, 432 (1987)
 

http://arxiv.org/abs/arXiv:1612.07377
http://dx.doi.org/10.1103/PhysRevD.95.033005

http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
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A.S. Barabash arXiv:1104.2714

http://medex17.utef.cvut.cz/

Link to nEXO (proposed succesor to EXO-200):

http://medex17.utef.cvut.cz/talks/Gratta.pdf

Link to LEGEND (succesor to GERDA/Majorana):

http://medex17.utef.cvut.cz/talks/Wilkerson.pdf

http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1
http://medex17.utef.cvut.cz/
http://medex17.utef.cvut.cz/talks/Gratta.pdf
http://medex17.utef.cvut.cz/talks/Wilkerson.pdf
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A.S. Barabash arXiv:1104.2714

 Dorame et al
NPB861 (2012) 259-270 PhysRevD.86.056001  King et al Phys. Lett. B 724 (2013) 68 

Lower bounds even for NH …  

 Dorame et al , 

http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1
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
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Schechter, Valle 82
Lindner et al JHEP 1106 (2011) 091

Heavy mediators  

http://dx.doi.org/10.1103/PhysRevD.25.2951
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   Higgs not the last brick !

dark matter, inflation, 
Baryogenesis, dark energy

   However exciting …

● Anomalies, 
● unification,
● consistency of EWSB,
● Gravity 
● Flavor

does not does not 
explainexplain

Neutrino mass +  
Cosmology, e.g.



● Dirac & Majorana neutrino mass 
● Theoretical origin 
● Flavor problem 
● Explaining masses, mixings & correlations
● Neutrino mass in EW  breaking 
● Dark matter and neutrinos
● Majoron Dark matter
● Dark matter and flavor problem
● Dark matter and Diracness 
● Neutrinoless ββ & quadruple β decay  
● Neutrinos & other cosmological puzzles
● Towards the TOE: Comprehensive unification
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Schechter-Valle 80/82 
 Minkowski 77
 Gellman Ramond Slansky 80
 Glashow, Yanagida 79
 Mohapatra Senjanovic 80
 Lazarides Shafi Weterrich 81
 Schechter-Valle, 80 & 82
 

 

TYPE I TYPE II

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

coefficient
  Mechanism
    Scale

            Flavor structure

http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
http://prd.aps.org/abstract/PRD/v25/i3/p774_1
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Phys.Lett. B762 (2016) 162-165

Phys.Rev. D94 (2016)  033012  

Phys.Lett. B761 (2016) 431-436

Phys.Lett. B767 (2017) 209-213  
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Addazi et al

 

http://arxiv.org/abs/arXiv:1608.05334

10.1016/j.physletb.2016.06.015

arXiv:1604.02117  

No conventional GUT embedding : 

string completion Quiver setup

http://arxiv.org/abs/arXiv:1604.02117
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 Singer, Valle, Schechter, Phys.Rev. D22 (1980) 738

331 EW theory  # families = # colours

 arXiv:1404.3751

many  low-scale neutrino mass schemes ... 

Gauge vs Higgs

E Ma,  Merle et al JHEP 1607 (2016) 013 
Hirsch et al JHEP 1310 (2013) 149 

http://dx.doi.org/10.1103/PhysRevD.22.738
http://inspirehep.net/record/1290535
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CHARGED LEPTONS

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

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

A4
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Boucenna et al
PhysRevD.86.073008

P Chen et al
  Phys.Lett. B753 (2016) 644-652 
  Phys.Rev. D94 (2016) no.3, 033002 

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.86.073008
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Predicting neutrino mixingPredicting neutrino mixing
from residual CP symmetriesfrom residual CP symmetries
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Flavor dependent 
b-tau unification 

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 

http://prd.aps.org/abstract/PRD/v88/i3/e036001
http://www.sciencedirect.com/science/article/pii/S0370269313004498
http://arxiv.org/abs/arXiv:1411.4883
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a near miss ...

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

What makes the gauge couplings unify? SUSY-GUT 
                                     But … p decay, super-particles ...                                                              

Boucenna et al Phys. Rev. D 91, 031702 (2015) 

Deppisch et al Phys.Lett. B762 (2016) 432

http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.031702
http://ac.els-cdn.com/S0370269316305688/1-s2.0-S0370269316305688-main.pdf?_tid=44814f84-abe6-11e6-bab2-00000aab0f01&acdnat=1479291796_8b84fa14d4e2d2fe6e28683467db12ef
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Chen et al arXiv:1509.06683
JHEP01(2016)007

Addazi et al 

Phys.Lett. B759 (2016) 471-478 

http://arxiv.org/abs/arXiv:1509.06683
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: Chen et al arXiv:1509.06683

masses explained by bulk parameter choices 

mixings

JHEP01(2016)007

http://arxiv.org/abs/arXiv:1610.05962

http://arxiv.org/abs/arXiv:1509.06683
http://arxiv.org/abs/arXiv:1610.05962
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Joshipura & J.V. 

Nucl.Phys. B397 (1993) 105-122 

Higgs searches         Bonilla Fonseca & J.V.   Phys.Lett. B756 (2016) 345-349  ...
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 Neutrinos &Invisible Higgs 

 arXiv:1502.01649

http://arxiv.org/abs/arXiv:1502.01649
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● probe neutrino messengers

● probe e-weak breaking e.g. Higgs decays

● re-measure neutrino mixing angles ...
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 arXiv:1404.3751

E Ma,        Hirsch et al JHEP 1310 (2013) 149 

Merle et al JHEP 1607 (2016) 013 WIMP dark Matter as radiative WIMP dark Matter as radiative 
neutrino mass messengerneutrino mass messenger

Either scalar or fermion messengerEither scalar or fermion messenger

““susy” without susysusy” without susy

http://inspirehep.net/record/1290535
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   Z2  PARITY

HIGGS PORTAL  
DIRECT DETECTION

Accidental ?                 Lavoura, Morisi, JV JHEP 1302(2013) 118 

unbroken subgroup
Boucenna, et al  JHEP 1105 (2011) 037 
Hirsch, et al Phys.Rev. D82 (2010) 116003 

many choices

more possibilities



 arXiv:1606.04543 

 Phys.Lett. B761 (2016) 431
Chiulia et al

No neutrinoless ββ decay 

Search for neutrinoless quadruple-β decaySearch for neutrinoless quadruple-β decay
http://arxiv.org/abs/arXiv:1705.08847

http://dx.doi.org/10.1016/j.physletb.2016.08.028
http://arxiv.org/abs/arXiv:1705.08847


Chiulia et al

http://inspirehep.net/record/1602168

http://inspirehep.net/record/1602168
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Arina et al   PRL101 (2008) 161802
Bazzocchi, Cerdeno, Munoz, J.V., PRD81 (2010) 051701

De Romeri, Hirsch, JHEP 1212 (2012) 106 

Sneutrino-like LSP

                                                             doubly  suppressed decays
                                                             

 chosen to fit neutrino osc. data

 Restrepo et al  PRD85 (2012) 023523 

susy inverse seesaw … 
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    Lattanzi & Valle, PRL99 (2007) 121301Lattanzi & Valle, PRL99 (2007) 121301

Esteves et al, PRD 82, 073008 (2010) 

Bazzocchi & al JCAP 0808 (2008) 013Bazzocchi & al JCAP 0808 (2008) 013                                       

Consistency with CMB

Lattanzi et al PRD88 (2013) 063528

  Berezinsky, Valle PLB318 (1993) 360
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Boucenna,  Morisi, Shafi,  Valle
PRD90 (2014) 055023

type-I seesaw   Leptogenesis   

Aristizabal et al JCAP 1407 (2014) 052  

 http://arxiv.org/pdf/1502.00612v1 

http://arxiv.org/pdf/1405.4706.pdf
http://arxiv.org/pdf/1502.00612v1
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BIG
BANG 

neutrinos may explain DM
through an emergent theory …
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http://arxiv.org/abs/arXiv:1706.03116

forces + families : recent revival
                                  of an old idea

Chirality problem

Wilczek & Zee
Gellman Ramond Slansky
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