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Expected CP discovery Sensitivity: standard 3-nu vs Unitarity violation

Sanford Underground

Research Facility Fermilab
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CPV reviews Nunokawa, Parke, Valle  Prog.Part.Nucl.Phys. 60 (2008) 338 .
Branco, Felipe, Joaquim,  Rev.Mod.Phys. 84 (2012) 515 @jwvalle4
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.095026
https://arxiv.org/pdf/1604.05690
https://arxiv.org/abs/2111.08673
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\Bi-Large lepton mixing pattern

Largest Q-mixing similar to smallest L-mixing
{1—% -Ae? AW -5 2 =4 ] Cabibbo angle as universal seed for flavor
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Phys.Lett.B 796 (2019) 162
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https://arxiv.org/abs/1904.05632
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Nearly degenerate
Lattanzi et al JHEP 10 (2020) 213
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- One-massless neutrino i
Reig et al Phys.Lett. B790 (2019)303 = 17 &
Barreiros, Felipe & Joaquim JHEP (2019) 223 = P COT N i EX0-200
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.22.2227
https://arxiv.org/abs/1108.3484
https://link.springer.com/article/10.1007%2FJHEP10%282020%29213
https://arxiv.org/abs/2212.11099
https://inspirehep.net/files/3ad0f2f706662117ca823b8e65cab0b0
https://d-nb.info/1221779427/34

- 3-massive case

Lower bounds from family symmetries
Dorame et al PhysRevD86(2012)056001
Dorame et al Nucl.Phys.B 861 (2012) 259-270

Kingetal Phys.Lett. B 724 (2013) 68-72 etc From Barreiros et al JHEP04(2021)249
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Significance - the black box

Schechter, Valle PhysRev D25 (1982) 2951
Duerr, Lindner, Merle JHEP06(2011)091
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https://arxiv.org/abs/1203.0155
https://www.sciencedirect.com/science/article/pii/S0550321312001952
https://www.sciencedirect.com/science/article/pii/S0370269313004498?via%3Dihub
https://doi.org/10.1007/JHEP04(2021)249
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.25.2951
https://link.springer.com/content/pdf/10.1007/JHEP06%282011%29091.pdf
https://arxiv.org/abs/2108.09364
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SEES Stablllty TYPE | TYPEII
EESAW e Minkowski 77 :
. Gellman Ramond Slansky 80 RN
dynamICS Glashow, Yanagida 79
o Mohapatra Senjanovic 80
Lazarides Shafi Weterrich 81
Mandal et al Phys.Rev.D 101 (2020) 115030 Schechter-Valle 80 & 82
JHEP03(2021)212 & JHEP07(2021) 029 L-R seesaw #of Rs=# Ls

SM seesaw  # of singlets arbitrary

(3,2) min viable type1 seesaw
(3,1) scoto-seesaw template

B MISSING PARTNER

B | OW-SCALE Type1 SEESAW (3,6) 1SS & LSS

Mohapatra,Valle 86

Akhmedov et al Phys.Rev.D53 (1996) 2752
PhysLettB368 (1996) 270

Malinsky et al  PhysRevLett95(2005)161801
@jwvalle 9



http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
http://prd.aps.org/abstract/PRD/v25/i3/p774_1
http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
http://prd.aps.org/abstract/PRD/v25/i3/p774_1
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.115030
https://d-nb.info/1233150480/34
https://link.springer.com/article/10.1007%2FJHEP07%282021%29029
https://arxiv.org/abs/hep-ph/9509255
https://arxiv.org/abs/hep-ph/9507275
https://arxiv.org/abs/hep-ph/0506296
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Cércamo Hernandez et al JHEP 1902 (2019) 065 Mandal et al Phys.Lett.B821 (2021) 136609
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https://arxiv.org/abs/1907.07728
http://arxiv.org/abs/arXiv:1811.03018
https://repo.scoap3.org/api/files/6117ee18-197d-4ac0-85d7-1fc93a66cfe4/10.1016/j.physletb.2021.136609_a
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Phys.Rev. D98 (2018) 035009
Phys.Lett. B781 (2018) 122-128
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Phys.Lett. B767 (2017) 209-213
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Addazi et al Phys.Lett. B759 (2016) 471-478

Phys.Lett. B755 (2016) 363-366
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current oscillation data Schechter & JV PRD22 (1980) 2227 N
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.22.2227

AN PROBING NEUTRINO PROPERTIES AT COLLIDERS

De Campos et al LSP From cascade squark & gluino decays
Phys.Rev. D86 (2012) 075001 LS wEF 8 - 2%,
= @P Lightest neutralino decay

correlates with atm angle

Lightest neutralino decay length

T 7T

:l:T:F)

displaced vertices

Br(x] -+ W*uF)/Br(x] - W

PROBING Theta_atm @ LHC
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N flavour legacy of oscillations
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Morisi et al Phys.Rev. D84 (2011) 036003

King et al Phys. Lett. B 724 (2013) 68

Morisi et al Phys.Rev. D88 (2013) 036001
Bonilla et al Phys.Lett. B742 (2015) 99

Reig, JV, Wilczek Phys.Rev. D98 (2018) 095008
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a more radical departure??
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Collider imprints of neutrino completions:
cLFV signatures from seesaw mediators

neutrinos and
neutrinos and
neutrinos and
neutrinos and

neutrinos and

Oscillation discovery
brought neutrinos to
the spotlight

Precision oscillation program,
CP, octant, ordering, NS,
unitarity, OnuDBD, CEVNS ...

flavor

dark matter
strong CP problem
unification

SM anomalies






Phys.Lett. B199 (1987) 432
Nucl.Phys. B908 (2016) 436
Phys.Rev. D92 (2015) 053009
New J. Phys. 19 (2017) 093005
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.033005
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.095026
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.113014
https://arxiv.org/pdf/2111.08673
https://doi.org/10.1016/0370-2693(87)90947-6
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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Randall-Sundrum Phys.Rev.Lett. 83 (1999) 3370

= 0'5;_ \é
mass hierarchies from geometry £ o4 :

0.4 :
Arkani-Hamed & Schmaltz hep-ph/9903417 L \
mixing angles from family symmetry - :

TM mixing pattern predicted from T’

2 2 2 -
cos”izcos" b1z = 5 TM1 pattern
e ey
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+ 3 i , & i - KamLAND-Zen( =" Xe)
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Chen et al Phys. Rev. D 102, 095014 (2020)

Dirac neutrino alternative
P Phys. Rev. D95 (2017) 095030 L
Phys.Lett. B771 (2017) 524 m,

ightest
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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

B Orhifold flavor Predsmwms

— rd 2 Phys.Lett.B 801 (2020) 135195
M = M (T /ZQ) Phys.Rev.D 101 (2020) 11, 116012
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Phys.Rev.D 105 (2022) 055030
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https://www.sciencedirect.com/science/article/pii/S0370269319309177
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https://arxiv.org/abs/2110.06810
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from Peccei-Quinn symmetry

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

Boucenna et al Phys. Rev. D 91, 031702 (2015) Old 331 model
Deppisch et al Phys.Lett. B762 (2016) 432 PRD22(1980)738

Physics Letters B 810 (2020) 135829
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http://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.031702
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uv
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SO(18)

SO(10) ® SO(8)

Y dride” — dy?,

promote M4 to AdS5

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

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

inspired by beauty of neutrinos in SO1(

Reig, Valle, Vaquera-Araujo, Wilczek
PLB774 (2017) 667-670

use orbifold BC to decouple mirrors

unwanted chiral families bound
by new hypercolor force above TeV
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http://www.sciencedirect.com/science/article/pii/S037026931730850X?via%3Dihub
https://doi.org/10.1016/j.physletb.2017.10.038
http://arxiv.org/abs/arXiv:1805.08048
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Phys.Lett.B 834 (2022) 137408
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dark inverse typel seesaw mechanism
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https://www.sciencedirect.com/science/article/pii/S0370269321003981/pdfft?isDTMRedir=true&download=true

- DM Berezinsky, Valle PLB318 (1993) 360
Majioron derk ma=mer

Inflation Boucenna, Morisi, Shafi, Valle

1 | Phys.Rev. D90 (2014) 055023
= ﬁfﬁ” ok ZJ)\‘ LG Aristizabal et al JCAP 1407 (2014) 052
NEUTRINO MASSES l DARK MATTER
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Consistency with CMB

J —
Lattanzi & Valle, PRL99 (2007) 121301

Lattanzi et al PRD38 (2013) 063528
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5 structure
g 2000
& 1000 KUO et al
. oo | JCAP 1812 (2018) 026
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http://arxiv.org/abs/arXiv:1905.01287
https://arxiv.org/abs/1803.05650
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