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P.F. de Salas et al, PLB782 (2018) 633
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Consistent global picture
Good agreement amongst groups

mass ordering : normal @ >30
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improve at the next generation experiments
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Several other
Revamped TBM ansatze
possible

73 ; _
Vo = ¥ \a"% vV 3 \;‘6 \;‘6 v 3
] ] ] )
7 e ﬁ ﬁ ellrta) a “cos) _isinfl  cosl 1 ie'® sin )
_ B L V6 V3 V2 V2 V3o -

(i cos>d o | Y /6 5in 20sin o
\lllh(}l'n \]thg')} R :
° cost+2 = % 2cos*0 + 4 2
| . ¢ 4 \ 1
- » sin-f i g (cos- (J*"}Lolr v
sin : n ¢ :
: 3 3 CE 5c0s20 — :
: PHYSICAL REVIEW D 98. 055019 (”()18) :

predicting solar

predicting CP

flll!lllI]IIIIIIII!llFTIIIIfFIIIIIIIIIilII|||IIIL:

1L.5E 4
k< - g
5 1F =
< E -
0.5F 3
E|lIIIIIIJJIIIIIlIIIIIllIlIII.lIIIIIIIIIIIIIIll.lllg

0.3 0.4 0.5 0.6 0.7
sin2923

from Phys.Rev. D98 (2018) 055019



1- 4 -hée N9
A 1L A0

1&3»:..-..&
*s%‘

0 003 'm"m”m 015/ 0 003 006 009 012 0.1
e Sin2913




robusiness

J.V. Phys.Lett. B199 (1987) 432-436

Miranda & J.V. Nucl.Phys. B908 (2016) 436
Escrihuela et al, Phys.Rev. D92 (2015) 053009

unitarity test as
seesaw scale probe

Phys.Rev. D95 (2017) 033005
New J. Phys. 19 (2017) 093005

One parameter (1 d.o.f.) All parameters (6 d.o.f.) W|nd0W to BSM phyS|CS
90% C.L. 30 90% C.L. 30 PRD97 (2018) 095026
-6 -5 -4 -3
Neutrinos only 151 0| 101 - -
- [— senE
ay> 0.98 0.95 0.96 0.93 | | icaRUS atLBNF
10t

Qy)> 0,99 0,96 0,97 0,95 « [T RSl
Q53> 0.93 0.76 0.79 0.61 " NI E s somiih 1 1 |
jogl< 10X 1072 26x10% 24x107 36x 107 ( E— /S A i
oy 19 x 1072 9.8 x 102 9.0 x 1072 1.3 x 107! | R—
'31|PRL117 = i

Coloma, Huber et al, Miranda et al,
de Gouvea et al, Goswami et al,
Kopp et el, Antusch et al,
Fernandez, Lopez Pavon, et al ...

N Nepg...
0.5 CUtrip,, 05('111
Aljg

2 CP ambiguity Miranda et al,
Phys.Rev.Lett. 117 (2016) 061804




(\RW DhySICS it last™

Oscillations bring neutrinos to the center of particle physics

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

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

the portals : flavor, EW breaking, unification, DM...
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symmetric parametrization of lepton mixing matrix
Schechter & JV PRD22 (1980) 2227
Rodejohann, JV Phys.Rev. D84 (2011) 073011
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TYPE | TYPE II

Minkowski 77

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

Seesaw

Schechter-Valle 80 & 82

coefficient any number of singlet R's w.r.t. L's
mEC{\anism (3,2)SEESAW  (3,1) SCOTO-SEESAW...
Scale
Flavor structure (3,6) LOW-SCALE SEESAW
Mohapatra-Valle 86
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Malinsky et al PRL95(2005)161801
Bazzocchi et al, PRD81 (2010) 051701
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charged lepton flavor
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QAN ® 1A IENO THRSS N CATER ry e

331 motivation # families = # colours

Singer, Valle, Schechter, Phys.Rev. D22 (1980) 738
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Babu-Ma-Valle PLB552 (2003) 207
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Chen et al
JHEP01(2016)007
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although unification is missed.

the ternd is there ...
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SUSY would make the gauge couplings unify at GUT scale,
But...so far no p decay nor super-partners ...
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The Universe's Matter

15.5

B Mormal
Matter

B Minimum
MNeutring DM

Created by Ethan Siegel

need for dafkmater

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

Today . 14 hillion years

Life on earth\ Of : e A /
Acceleration \— > 11 billion years -

Dark energy dominate _ a4’ SRR Z

Solar system forms\ ## 8 oL

¥
= e _w

Matter domination
Onset of gravilalicnai COIIa[JSB

NIIB|BOSYIII|IBSiS
Light elements created — D, He, Li

Nuclear fusion begins
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Quark-hadron transition
Protons and neutrons formed

Electroweak transition
Electromagnetic and weak nuclear
forces first differentiate

Supersymmetry breaking

Axions etc.?

Electroweak and strong nuclear
forces differentiate

Inflation

Quantum gravity wall
Spacetime description breaks down




take > bright future for oscillation physics + nsi/non-unitarity
- searching mediators via LFV @ HE colliders

home > neutrinos may shed light on flavor & unification
> comprehensive unification: forces & families
> neutrinos and EWSB

Neutrino mass generation TrHlE jHNDHF[}

mav be key to DM and other
ycosmological puzzles

inflation

nening

22




