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Expected CP discovery Sensitivity: standard 3-nu vs Unitarity violation
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.97.095026
https://arxiv.org/pdf/1604.05690
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Rodejohann, JV  Phys.Rev. D84 (2011) 073011

degeneracy parameter   Lattanzi et al   JHEP 10 (2020) 213
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Nearly degenerate

➢ One-massless neutrino

majorana phase

NO

IO

C Adams et al 2212.11099 
Agostini et al. Science 365 (2019) 1445
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Reig et al Phys.Lett. B790 (2019)303
Barreiros, Felipe & Joaquim JHEP (2019) 223
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Avila et al  Eur.Phys.J.C 80 (2020) 10, 908
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Lower bounds from family symmetries
Dorame et al PhysRevD86(2012)056001
Dorame et al Nucl.Phys.B 861 (2012) 259-270
King et al       Phys.Lett. B 724 (2013) 68-72 etc 

➢ 3-massive case

From Barreiros et al JHEP04(2021)249

 Schechter, Valle 1982

Duerr, Lindner, Merle JHEP06(2011)091
B.J.P. Jones 2108.09364 (TASI 2020)
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TYPE I TYPE II

                       SM  seesaw        # of singlets arbitrary 

 

 Mandal et al PRD101 (2020) 115030

 JHEP03(2021)212 & JHEP07(2021) 029 

SEESAW
dynamics

L-R  seesaw         # of Rs = # Ls  (3,3) 

                     

  MISSING PARTNER 
 

 

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

@jwvalle7

stability

     LOW-SCALE Type1 SEESAW (3,6)  ISS & LSS  
                                                             Mohapatra,Valle 86
                                                             Akhmedov et al   Phys.Rev.D53 (1996) 2752 
                                                                                            PhysLettB368 (1996) 270
                                                               Malinsky et al      PhysRevLett95(2005)161801

Miranda et al   
            PLB829 (2022) 137110
            PRD105 (2022) 095020 

http://prd.aps.org/abstract/PRD/v22/i9/p2227_1
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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
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CC Lepton 
Flavor Violation
In low-scale
seesaw 

CLFV persists in the massless limit

Bernabeu et al B187 (1987) 303-308

Leptophilic Higgs
cLFV in linear seesaw

From Batra et al 
2305.00994

(3,6) 

https://arxiv.org/abs/2305.00994


 
  

  

                 

 

L-R scheme 

 

dark inverse seesaw
Mandal et al Phys.Lett.B821 (2021) 136609 :Cárcamo Hernández et al   JHEP 1902 (2019) 065
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radiative 
inverse seesaw

(3,6) 

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


Mandal et al 
Phys.Lett.B821 (2021) 136609

Xenon1T PhysRevLett.121.111302
PandaX Lux-Zepellin

LambdaCDM
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low-scale type-1

With large cLFV effects

WIMP DM

(3,6) 

https://doi.org/10.1016/j.physletb.2021.136609


low-scale type-1

Carcamo, Vishnudath, J.V.  2305.02273 

@jwvalle11 

(Also Batra, Camara, Joaquim,  2305.01687) 

(3,6) 



 Leite, Sadhukhan, Valle 2307.04840
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Simplest version in  Phys.Lett.B 789 (2019) 132-136 
and Phys.Lett.B 819 (2021) 136458

(3,3) 

https://arxiv.org/abs/2307.04840
https://www.sciencedirect.com/science/article/pii/S0370269321003981/pdfft?isDTMRedir=true&download=true
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Phys.Rev. D94 (2016)  033012  

Phys.Lett. B761 (2016) 431-436

Phys.Lett. B767 (2017) 209-213  

 Addazi et al Phys.Lett. B759 (2016) 471-478 

 Phys.Lett. B755 (2016) 363-366 

Phys.Rev. D98 (2018) 035009

Phys.Lett. B781 (2018) 122-128  

Type II

Type I

symmetry protecting small neutrino mass

SU3L

PQ

   

   

Peccei-Quinn symmetry
+ Diracness   

Phys.Lett.B 810 (2020) 135829

   @jwvalle13   

https://arxiv.org/abs/1604.02117
https://doi.org/10.1016/j.physletb.2020.135829


51

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



Can be reconstructed from 
data leading to high-
energy tests 

Miranda et al  Phys.Rev.D105 (2022) 095020 

4-lepton
signal
probes
nu-mass
& ordering 

seesaw mediator produced in 
@ e+e- / pp collisions

3 TeV  

Miranda et al  PLB 829 (2022) 137110  

low-scale type-2
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4-lepton
signal
probes
nu-mass
& ordering 

seesaw mediator produced in 
@ e+e- / pp collisions

IO
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HEP colliders 
as cLFV  
discovery site

3 TeV  

Miranda et al  PLB 829 (2022) 137110  

low-scale type-2



 Q/L mixing pattern versus



 Q/L mixing pattern versus

Q/L mass hierarchies

from family sym Morisi et al         PRD84 (2011) 036003

                                    King et al             PLB 724 (2013) 68

                                   Morisi et al           PRD88 (2013) 036001

                                   Bonilla et al          PLB742 (2015) 99

from PQ sym      Reig, JV, Wilczek  PRD98 (2018) 095008

from orbifolds   De Anda et al        PRD105 (2022) 055030 ,

                                  JHEP10 (2020) 190,  PLB 801 (2020) 135195

                                  PRD 101 (2020) 11, 116012 and 2212.09174

https://arxiv.org/pdf/2110.06810.pdf
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Oscillation discovery
➢ brought neutrinos to 
➢ the spotlight  

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

   @jwvalle16



Oscillation discovery
➢ brought neutrinos to 
➢ the spotlight  

   neutrinos and flavor /  cLFV / LNV     
   neutrinos and dark matter    
   neutrinos and  strong CP problem 
   neutrinos and  unification  
   neutrinos and  SM anomalies  
   

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

Collider imprints of neutrino completions 

   @jwvalle16
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