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Chen et al  Phys. Rev. D 102, 095014 (2020)

 mixing angles from family symmetry

 mass hierarchies from geometry 
Arkani-Hamed & Schmaltz hep-ph/9903417

Randall-Sundrum Phys.Rev.Lett. 83 (1999) 3370

Dirac neutrino alternative  
Chen et al  JHEP01(2016)007
Phys. Rev. D95 (2017) 095030 
Phys.Lett. B771 (2017) 524

TM1 pattern

TM2 pattern

   @jwvalle22   

https://arxiv.org/abs/2003.02734
https://link.springer.com/content/pdf/10.1007/JHEP01(2016)007.pdf
http://arxiv.org/abs/arXiv:1610.05962
http://www.sciencedirect.com/science/article/pii/S0370269317304434


 A4 family symmetry “derived”

Phys.Lett.B 801 (2020) 135195
Phys.Rev.D 101 (2020) 11, 116012 
 Phys.Rev.D 105 (2022) 055030 

https://www.sciencedirect.com/science/article/pii/S0370269319309177
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.116012
https://arxiv.org/abs/2110.06810


Good global fit of flavor observables

 A4 family symmetry “derived”

Golden Q-L relation 

 

Phys.Lett.B 801 (2020) 135195
Phys.Rev.D 101 (2020) 11, 116012 
 Phys.Rev.D 105 (2022) 055030 

https://www.sciencedirect.com/science/article/pii/S0370269319309177
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.116012
https://arxiv.org/abs/2110.06810


Good global fit of flavor observables

 A4 family symmetry “derived”

Golden Q-L relation 

 

Phys.Lett.B 801 (2020) 135195
Phys.Rev.D 101 (2020) 11, 116012 
 Phys.Rev.D 105 (2022) 055030 

   @jwvalle23   

https://www.sciencedirect.com/science/article/pii/S0370269319309177
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.116012
https://arxiv.org/abs/2110.06810


Oscillation discovery
brought 

precision oscillation  program, 
CP, octant, ordering, NSI,unitarity, 
0nuDBD, CEvNS ...

HIGGS DISCOVERY NOT THE LAST BRICK TO THE SM



Oscillation discovery
brought 

precision oscillation  program, 
CP, octant, ordering, NSI,unitarity, 
0nuDBD, CEvNS ...

HIGGS DISCOVERY NOT THE LAST BRICK TO THE SM

DM may seed or mediate 
neutrino mass generation



Oscillation discovery
brought 

precision oscillation  program, 
CP, octant, ordering, NSI,unitarity, 
0nuDBD, CEvNS ...
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HIGGS DISCOVERY NOT THE LAST BRICK TO THE SM

DM may seed or mediate 
neutrino mass generation

   neutrinos and flavor      
   neutrinos and  strong CP problem 
   neutrinos and  unification 
   neutrinos and SM anomalies 

pheno imprints of neutrino completions: colliders, cLFV, LNV .. useful neutrino probes





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

Boucenna et al  PRD91, 031702 (2015) 

Deppisch et al    PLB762 (2016) 432

tree-level quark FCNC

Dirac type-1 seesaw neutrino mass
Peccei-Quinn symmetry

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


Phys.Lett. B774 (2017) 667-670

    inspired by beauty of SO10

 Reig, Valle, Vaquera-Araujo, Wilczek

promote M4 to AdS5 

Phys.Rev. D98 (2018) 095008 
Reig, JV, Wilczek

 viable SO3 family symmetry
 golden Q-L mass formula
● PQ symmetry & axion 

use orbifold BC to decouple mirrors

unwanted chiral families bound 
by new hypercolor force above TeV

Reig Valle Vaquera  Wilczek PLB774 (2017) 667

http://www.sciencedirect.com/science/article/pii/S037026931730850X?via%3Dihub
http://arxiv.org/abs/arXiv:1805.08048


L-R symmetry   Phys.Rev. D86 (2012) 055006 
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From Dittmar et al 
Nucl.Phys. B332 (1990) 1-19
 

doublet-
singlet 
mixing

cLFV discovery
first at high 
energies

new gauge boson, e.g.  Z’...Single production via SM Z portal 

https://doi.org/10.1103/PhysRevD.86.055006
https://doi.org/10.1103/PhysRevD.89.051302
https://doi.org/10.1016/0550-3213(90)90028-C
https://doi.org/10.1016/0550-3213(90)90028-C


ILC: 1506.07830,  CLIC: 1812.06018,  CEPC: 1811.10545 
FCC-ee  Eur.Phys.J.ST 228 (2019) 2, 261-623
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