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consistent global picture in
which the solar + atm discovery
measurements are confirmed
and improved

Room for improvement!!
CP, ATM octant & ordering

P.F.de Salasetal 2006.11237
https://globalfit.astroparticles.es/ @iwvalle 2
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https://arxiv.org/abs/2006.11237
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Xi-Large lepton mixing pattern
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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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Phys.Lett. B792 (2019) 461

for “softer” version of Bi-Large see
Phys.Lett.B 796 (2019) 162
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unitarity as seesaw probe

J.V.

Phys.Lett. B199 (1987) 432

Miranda & J.V. Nucl.Phys. B908 (2016) 436
Escrihuela et al, Phys.Rev. D92 (2015) 053009
New J. Phys. 19 (2017) 093005
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near measurements

necessary for the
DUNE programme

Shao-Feng Ge et al

New Ambiguity in Probing CP Violation in Neutrino Oscillations Phys.Rev. D95 (2017) 033005

Miranda et al
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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
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lower bounds even for normal ordering

Dorame et al Dorame et al King et al
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NPB861 (2012) 259-270 YSREV Phys. Lett. B 724 (2013) 68
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The Standard Model of Particle Physics
FERM'ONS (matter particles) BOSONS (force carriers)

NUNCH R

charm gluon Higgs boson

the discovery ofoscillations @ @ @ 0

down strange bottom photon
brings neutrinos to the center @ @ 0 @
Of partiCle phySiCS electron muon Z boson
addressing the dynamical origin of @b
small neutrino mass touches the g @ @ ol

the heart of the theory neutrino - neutrino - neutrino scienceatert

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

Search for underhying symmetiies

@jwvalle 10


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

TYPE | TYPE Il
Minkowski 77

Gellman Ramond Slansky 80
Glashow, Yanagida 79
Mohapatra Senjanovic 80
Lazarides Shafi Weterrich 81
Schechter-Valle 80 & 82

Schechter-Valle 80 & 82

Phys.Rev.D 101 (2020) 115030

SM gauge group B any number m of singlet R's

(3,2)

B MISSING PARTNER SEESAW (3,1)+

B LOW-SCALE SEESAW (3,6)

Mohapatra-Valle 86
Akhmedov et al PRD53 (1996) 2752
Malinsky et al PRL95(2005)161801
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radiative inverse seesaw scotogenic inverse seesaw
.Carcamo Herndndez et al JHEP 1902 (2019) 065 From arXiv:1907.07728

See also Bazzocchi et al 0907.1262 Ma 0904.4450 Baldes et al 1304.6162
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Phys.Rev. D94 (2016) 033012
Phys.Lett. B761 (2016) 431-436

Phys.Lett. B767 (2017) 209-213 (90) T (92.)
symmetry protects
small neutrino mass '
Sk, Sk | | vL, NL
Phys.Rev. D98 (2018) 035009 Addazi et al Phys.Lett. B759 (2016) 471-478
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http://www.sciencedirect.com/science/article/pii/S055032131630013X?via%3Dihub#
https://arxiv.org/abs/1503.08879
http://iopscience.iop.org/article/10.1088/1367-2630/aa79ec/pdf
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Golden Q-L relation
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Anda, Antoniadis et al
JHEP 10 (2020) 190
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https://arxiv.org/pdf/0706.0897.pdf
http://arxiv.org/find/nucl-ex/1/au:+Barabash_A/0/1/0/all/0/1
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incorporating WIMP DM

Dark Matter as neutrino mass mediator

E Ma 2006 stabilized by e.g. remnant gauge symmetry
Hirsch et al JHEP 1310 (2013) 149 Phys.Lett.B 798 (2019) 135013 & 2006.06009
Merle et al JHEPO7 (2016) 013

Diaz et al JHEP08 (2017) 017; Avila et al 1910.08422
Rojas et al

XENONA1T

Bonilla et al PLB 762 (2016) 214-218

bound-state Anda, Antoniadis et al
scotogenic ‘ DM and JHEP 10 (2020) 190

Phys.Rev.D 97 2018) 11,1152 nuU-Diracness

Phys.Lett.B 790 (2019) 303-307
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OSCillation Legacy

- neutrinos now at the center of the stage

neutrinos may shed light on the flavor and strong CP problem

dark matter can mediate neutrino mass generation

bright future for oscillation studies
unitarity tests necessary for the robustness of the CP programme
neutrinoless double-beta decay may determine Majorana phase

colliders have a great neutrino physics potential !

thanKS!  ewe
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