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Largest Q-mixing similar to smallest L-mixing
Cabibbo angle as universal seed for flavor mixing
Phys.Rev. D86 (2012) 051301

Phys.Rev.D87 (2013) 053013
Phys.Lett. B748 (2015) 1-4
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robustness

JV. Phys.Lett. B199 (1987) 432-436
Miranda & J.V. Nucl.Phys. B908 (2016) 436

Escrihuela et al, Phys.Rev. D92 (2015) 053009

One parameter (1 d.o.f.)

All parameters (6 d.o.f.)

Neutrinos only
|
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CP ambiquity Mirandaetal, ©°F
Phys.Rev.Lett. 117 (2016) 061804
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unitarity test as
seesaw scale probe

Shao-Feng Ge et al
Phys.Rev. D95 (2017) 033005

Escrihuela et al
New J. Phys. 19 (2017) 093005
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. Coloma, Huber et al, Miranda et al,
nsi de Gouvea et al, Goswami et al,

Kopp et el, Antusch et al,
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Martinez-Soler, Minakata, ...


https://doi.org/10.1016/j.physletb.2018.06.019

0SCillation legacy

Oscillations bring neutrinos to the center of the stage

addressing the dynamical origin of small neutrino mass
touches the heart of the EW theory

besides neutrino mass dynamics, there are other issues in particle physics
& cosmology for which neutrinos may provide key input

e.g. flavor, EW breaking, unification, DM...
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ABSCOLUTE MASS & MAJORANAPHASES

symmetric parametrization of lepton mixing matrix
Schechter & JV PRD22 (1980) 2227

Rodejohann, JV Phys.Rev. D84 (2011) 073011
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lower bounds even for normal ordering
Dorame et al Dorame et al King et al
PhysRevD.86.056001 Phys. Lett. B 724 (2013) 68
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TYPEI TYPE Il
Minkowski 77

Gellman Ramond Slansky 80
Glashow, Yanagida 79

Mohapatra Senjanovic 80
Lazarides Shafi Weterrich 81 S e e Saw
Schechter-Valle 80 & 82

Schechter-Valle 80 & 82

bottom up 3 x 2L x 1 seesaw M any # of singlet R’s: m

B MISSING PARTNER SEESAW (3,2)
(3,1) “dark”-seesaw

coefficient B LOW-SCALE SEESAW (3,6)
mechanism Mohapatra-Valle 86
l Akhmedov et al PRD53 (1996) 2752
5Cale Malinsky et al PRL95(2005)161801

Flavor structure Bazzocchi et al, PRD81 (2010) 051701

multi-Family seesaw ‘oscillation description
12
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Phys.Rev. D98 (2018) 035009 Addazi et al Phys.Lett. B759 (2016) 471-478
Phys.Lett. B781 (2018) 122-128 Phys.Lett. B755 (2016) 363-366
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RAdiatvVe neutrino mass

3 x3_.x 1 motivation » why 3 families
Singer, Valle, Schechter, Phys.Rev. D22 (1980) 738 * tree-level quark FCNC

« gauge mediated calculable

r1CA CNEIOY VS it imens neutrino mass

F.S. Queiroz et al. / Physics Letters B 763 (2016) 269-274
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Boucenna, Morisi, JV Phys.Rev. D90 (2014) 013005
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radiative inverse/linear seesaw
.Carcamo Hernandez et al JHEP 1902 (2019) 065

See also Bazzocchi et al 0907.1262 Ma 0904.4450

scotogenic inverse seesaw
From arXiv:1907.07728

Baldes et al 1304.6162
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https://arxiv.org/pdf/1811.07040.pdf
https://arxiv.org/pdf/1703.03435.pdf
http://arxiv.org/abs/arXiv:1803.10247

V| 1 iVi‘i\v w1 W A U\'Hhh-t_Auou “Vdd,Ai,“i



Constrained global fit
Phys.Lett. B774 (2017) 179-182
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still good starting point ... predictive revamping
Morisi et al, Phys.Rev. D88 (2013) 016003

Normal Hierarchy
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probed now
Improvement at LBL
experiments, e.g. DUNE
cosmology
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https://doi.org/10.1016/j.physletb.2019.04.022
http://arxiv.org/abs/arXiv:1811.07040
http://inspirehep.net/record/1737475
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Chen et al
JHEP01(2016)007
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although unification is missed... "
the ternd is there ... .

Energy scale (GeV)

SUSY would make the gauge couplings unify at GUT scale,
But... so far no p decay nor super-partners ...

IEULAN0S & unificaton
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Boucenna et al Phys. Rev. D 91, 031702 (2015)

107 10 10° 1y 10% Deppisch et al Phys.Lett. B762 (2016) 432

Energy scale (GeV)
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The Universe's Matter

15.5

B Normal

Matter

. Minimum
Neutrino DM

Created by Ethan Siegel

need for dark matier

nu’s at most 1% but can be
key to understanding DM

Today - 14 hillion years :

Life on earth\ @, : - 4 . /
Acceleration \—— > 11 hillion years ——

Dark energy dominate j i S -

Solar system forms\
Star formation peak \

Recombination Atoms form

-

Relic radiation decouples (CMB ; ‘:i..-:;'
Matter domination — 5,000 years

Onset of gravitational collapse

Nucleosynthesis —— 3 minutes ——
Light elements created - D, He, Li | s BRat B i 1
Nuclear fusion begins —— 0.01se

iy
L

Quark-hadron transition
Protons and neutrons formed

Electroweak transition

Electromagnetic and weak nuclear
forces first differentiate

Supersymmetry breaking

Axions etc.?

Grand unification transition F——
Electroweak and strong nuclear .
forces differentiate

Inflation

Quantum gravity wall
Spacetime description breaks down


https://arxiv.org/abs/1904.05632
http://arxiv.org/abs/1206.2555
http://arxiv.org/abs/1211.6506
http://arxiv.org/abs/1410.3658
http://arxiv.org/abs/1902.08962
https://arxiv.org/abs/1904.05632

- bright future for oscillation studies, non-unitarity-nsi
0 Ortun"t"es - neutrinoless doublebeta decay, coherent scattering
pp , > high intensity & also high energies, e.g. LHC eXpt
- probe for mediators via CLFV : possible LHC discovery

- neutrinos may shed light on Flavor & on unification
> final dream : unify forces & families th

"emergent (osmology”
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