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What is the origin of Neutrino Masses ?

How do we test the theory of Neutrino Masses ?

Neutrinos are Massive !
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Massive Neutrinos

P. Fileviez Perez

NuFit Collaboration
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Massive Neutrinos

• Dirac Fermions

• Majorana Fermions

B-L Conservation !

B-L Violation !

�LD = Y
D
⌫

¯̀
Li�2H

⇤
⌫R + h.c.
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Many Ideas !
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Dirac Neutrinos
B-L Conservation !

�LD = Y
D
⌫

¯̀
Li�2H

⇤
⌫R + h.c.
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Y D
⌫ . 10�12 M⌫ . 0.1 eV

3⌫R U(1)B�L

a) Unbroken B-L: Stueckelberg Mechanism 

b) Broken B-L:  

Feldman, P.F.P., Nath

Local Anomaly 

Free Symmetry

SBL ⇠ (1, 1, 0, nBL), |nBL| > 2.



�6

Majorana Neutrinos

(Minkowski, Mohapatra, Senjanovic, Glashow, Yanagida, Gell-Mann, Ramond, Slansky)

�LM = Y
D
⌫

¯̀
Li�2H
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⌫R +

1

2
MR⌫

T
RC⌫R + h.c.

M⌫ = mDM�1
R mT

D

if 

(Seesaw Scale)

(Canonical Seesaw)

mD ⇠ 102GeV MR . 1014�15GeV
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Simple Scenarios for Neutrino Masses 

-  Type I Seesaw 
-  Type II Seesaw 
-  Type III Seesaw 
- Zee Model 
- Colored Seesaw 
- Witten’s Mechanism 
… 
… 
…
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Gauge Theories for Neutrino Masses 

P. Fileviez Perez
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The Simplest Theory is based on Local B-L

U(1)B�L

SBL ⇠ (1, 1, 0, 2)

M⌫ = mDM�1
R mT

D

What is the B-L Seesaw Scale ?

How do we test this theory ?

MR . 1014�15GeV
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B-L Zee Model

P. F. P., C. Murgui, Phys. Lett. B777 (2018) 381 
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�+ ⇠ (1, 1, 1, 2) ⌃ ⇠ (1, 3, 0, 2)
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B-L Radiative Seesaw P. F. P., C. Murgui, Phys. Lett. B777 (2018) 381 
 

P. Fileviez Perez

a) One can have very light sterile neutrinos 

b) One could have large contributions to LFV processes 
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Can we realize Seesaw at the Low Scale?



�14

Dark Matter and Seesaw Scale
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Seesaw Scale and Dark Matter

Neutrino 
Masses

Dark 
Matter

U(1)B�L

P. F. P., C. Murgui, Phys.Rev. D98 (2018) 055008

MR =
p
2�RvBL MZBL = 2gBLvBL
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Seesaw Scale and Dark Matter

P. Fileviez Perez

P. F. P., C. Murgui, Phys.Rev. D98 (2018) 055008
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Seesaw Scale and Dark Matter
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Seesaw Scale and Dark Matter

P. Fileviez Perez

P. F. P., C. Murgui, Phys.Rev. D98 (2018) 055008
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Therefore there is a hope to test the origin of neutrinos masses at Colliders !

P. F. P., T. Han, T. Li
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Seesaw Scale and Dark Matter

The upper bound on B-L Seesaw Scale is in the multi-TeV region  

Signatures at LHC

P. F. P., C. Murgui, Phys.Rev. D98 (2018) 055008
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Testability at the LHC

The LHC could see these events in the near future !
P. Fileviez Perez

P. F. P., C. Murgui, Phys.Rev. D98 (2018) 055008
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Supersymmetry and Seesaw Scale



MSSM Interactions

9



What is the origin of the lepton and baryon 
number violating interactions in the MSSM?

14

Matter-Parity:
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The Minimal B-L Model predicts  

22

-  R-parity must be spontaneously broken !
 

- The B-L and R-parity breaking scales are defined 
by the SUSY scale. 

- Lepton number violating signals at the LHC ! 



Scalar Potential and Symmetry Breaking

23

The B-L and R-parity breaking scales are defined by the SUSY scale !



Mohapatra’86; 
Ghosh, Senjanovic, Zhang’10

Barger, P.F.P., Spinner’10

26
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Unification and Seesaw Scale



Georgi-Glashow Model
Georgi, Glashow, Phys.Rev.Lett.32:438-441,1974

GSM = SU(3)
N

SU(2)
N

U(1) ⊂ SU(5)

α3 α2 α1 → α5

N2 − 1 generators λa, a = 1..24

U(x) = Exp(iαa(x)λa), Det U=1, Tr λa=0

N − 1 = 4 diagonal generators.

Gauge Bosons

24G = (8, 1, 0)| {z }
Ga

L
(1, 3, 0)| {z }

Wb

L
(3, 2,−5/6)| {z }

V

L
(3̄, 2, 5/6)| {z }

V

L
(1, 1, 0)| {z }

B

Matter Assignment

(uC)L ∼ (3̄C, 1L,−2/3), (dC)L ∼ (3̄C, 1L, 1/3),

(eC)L ∼ (1C, 1L, 1),

„
uα

dα

«

L

∼ (3C, 2L, 1/6),

„
ν
e

«

L

∼ (1C, 2L,−1/2)
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B and L are explicitly broken !



�B = 1, �L = oddProton Decay:
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MV > 1014�15 GeV

Physics at the  
High Scale

P. Fileviez Perez



The Georgi-Glashow Model is ruled out !

• The unification of gauge couplings in 
disagreement with the values of the 
couplings at the electroweak scale.


• Wrong relation between charged leptons and 
down quark masses.


• Neutrino are massless as in the SM.
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P. F. P., A. Gross, C. Murgui, Phys.Rev. D98 (2018) 035032

Realistic SU(5) Grand Unified Theory

P. Fileviez Perez

M⌫ 6= 0

SM Matter:

Ye 6= Yd
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Realistic SU(5) Grand Unified Theory
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P. F. P., A. Gross, C. Murgui, Phys.Rev. D98 (2018) 035032
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Realistic SU(5) Grand Unified Theory
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P. F. P., A. Gross, C. Murgui, Phys.Rev. D98 (2018) 035032
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SUMMARY 

We have discussed a simple renormalizable SU(5) grand unified theory which 
predicts an upper bound on the proton decay lifetime and can be probed at the 
SK or HK. We predict an upper bound on the Type III seesaw field mass in 
the multi-TeV scale. 

The Seesaw Scale must be in the multi-TeV scale in the simplest theories 
based on B-L if there is a relation between DM and the origin of neutrino 
masses.  

P. Fileviez Perez

The testability of the theory of neutrino masses is crucial to  
complete our understanding of the origin of fermion masses !

I have presented strong motivations for the realization of the seesaw 
mechanics at the multi-TeV scale and to look for lepton number violation  
at the LHC or future colliders.

The minimal supersymmetric theory based on B-L predicts that lepton number  
must be broken at the SUSY scale. Therefore, if SUSY is realized at the  
multi-TeV scale one could test the origin of neutrino masses at colliders.  



Thank You !
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Extra Information
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P. F. P., C. Murgui, Phys. Lett. B777 (2018) 381 
 

Light sterile neutrinos and Cosmological bounds 
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P. F. P., C. Murgui, Phys. Lett. B777 (2018) 381 
 

MgBL

gBL
> 7 TeV(LEP2)

Light sterile neutrinos and Cosmological bounds 
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P. F. P., C. Murgui, Phys. Lett. B777 (2018) 381 
 

Possible Large Contributions to LFV processes 
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P. F. P., C. Murgui, Phys. Lett. B777 (2018) 381 
 

Possible Large Contributions to LFV processes 
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Seesaw Scale and Dark Matter

P. F. P., C. Murgui, arXiv:1803.07462
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Seesaw Scale and Dark Matter
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Seesaw Scale and Dark Matter
P. F. P., C. Murgui, arXiv:1803.07462
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Testability at Future Colliders

P. F. P., C. Murgui, arXiv:1803.07462
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P. F. P., Spinner, 2010


