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Main Goal
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Massive Neutrinos

• Majorana Fermions (Lepton Number is broken by two units)

• Dirac Fermions (Lepton Number is conserved or broken but 
not effective Majorana masses )
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Majorana Neutrino Masses 

• Type I Seesaw 
• Type II Seesaw 
• Type III Seesaw 
• Zee’s Model 
• Colored Seesaw 
• Witten’s Model 
… 
…

Theories: 

• B-L 
• Left-Right Symmetry 
• Pati-Salam 
• GUTs 
•  ….

Mechanisms:
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- Majorana


- Dirac




CPV and Neutrino Masses

See Branco, Gonzalez Felipe, Joaquim

Dirac

Majorana

<latexit sha1_base64="W1LmkjMhw0tXsh70WBARIHMg+FI=">AAAB8XicdVDLSgNBEOz1GeMr6tHLYBA8LbtBE3NQAl68KBHdJJgsYXYySYbMzi4zs0JY8hdePCji1b/x5t84eQg+CxqKqm66u4KYM6Ud592am19YXFrOrGRX19Y3NnNb2zUVJZJQj0Q8ko0AK8qZoJ5mmtNGLCkOA07rweBs7NfvqFQsEjd6GFM/xD3BuoxgbaRb76TWTqsXl9ejdi7v2OVyoeQcod/EtZ0J8jBDtZ17a3UikoRUaMKxUk3XibWfYqkZ4XSUbSWKxpgMcI82DRU4pMpPJxeP0L5ROqgbSVNCo4n6dSLFoVLDMDCdIdZ99dMbi395zUR3j/2UiTjRVJDpom7CkY7Q+H3UYZISzYeGYCKZuRWRPpaYaBNS1oTw+Sn6n9QKtlu0i1eH+crpLI4M7MIeHIALJajAOVTBAwIC7uERnixlPVjP1su0dc6azezAN1ivH2MFkMI=</latexit>

U = VPMNS



eEDM and Sterile neutrinos

Abada, Toma

CORRECT ?



Theory of Neutrino Masses 
at the Low Scale
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Lepton Number as Local Gauge Symmetry

Low Scale Theory<latexit sha1_base64="tZ+OMruLBflqPL53XVdua9HY/P0=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQrMJdkGgZ1MJGjGA+IDnD3maSLNm9O3f3hHAEG/+KjYUitv4KO/+Nm+QKTXww8Hhvhpl5fsSZ0o7zbWUWFpeWV7KrubX1jc0te3unpsJYUqjSkIey4RMFnAVQ1UxzaEQSiPA51P3B+divP4BULAxu9TACT5BewLqMEm2ktr3XuhbQI+3k4mqE+3dF3OJwj52CW2zbeafgTIDniZuSPEpRadtfrU5IYwGBppwo1XSdSHsJkZpRDqNcK1YQETogPWgaGhAByksmL4zwoVE6uBtKU4HGE/X3REKEUkPhm05BdF/NemPxP68Z6+6pl7AgijUEdLqoG3OsQzzOA3eYBKr50BBCJTO3YtonklBtUsuZENzZl+dJrVhwS4XSzXG+fJbGkUX76AAdIRedoDK6RBVURRQ9omf0it6sJ+vFerc+pq0ZK53ZRX9gff4Ag5GVlA==</latexit>

⌦DMh2  0.12

DM
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Lepton Number as Local Gauge Symmetry

Anomaly Cancellation:

P. F. P., M. B. Wise
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P. F. P., S. Ohmer, H. H. Patel, Phys. Lett. B735, 283


M. Duerr, P. F. P., M. B. Wise, Phys. Rev. Lett. 110, 231801


P. F. P., M. B. Wise, JHEP1108, 068


Solutions:

P. F. P., Physical Review D 110, 035018 (2024)

- Vector-like leptons

- Four representations

- Minimal Model



P. Fileviez Perez 

How do we test the theory of 

 P.F.P., Physical Review D 110, 035018 (2024)

Minimal number of fields to cancel all leptonic gauge anomalies 

Minimal Model
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How do we test the theory of 

New Fermion Masses

 P.F.P., Physical Review D 110, 035018 (2024)



Relic Density
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How do we test the theory of 

Dirac Neutrinos
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How do we test the theory of 

Majorana Neutrinos
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How do we test the theory of 

CP-violation
<latexit sha1_base64="e0mx6FaCnkVoqFoKAN8x16tY3k8=">AAACEnicbVDLSgMxFM34rPVVdekmWATdlBmR6rLoxmUF+5BOGTLpbRuaZIYkI5ZhvsGNv+LGhSJuXbnzb0wfgrYeuHByzr3k3hPGnGnjul/OwuLS8spqbi2/vrG5tV3Y2a3rKFEUajTikWqGRANnEmqGGQ7NWAERIYdGOLgc+Y07UJpF8sYMY2gL0pOsyygxVgoKx7eBLxPs49RXIiWyk2X2MQzgR6KRiDncZ1lQKLoldww8T7wpKaIpqkHh0+9ENBEgDeVE65bnxqadEmUY5ZDl/URDTOiA9KBlqSQCdDsdn5ThQ6t0cDdStqTBY/X3REqE1kMR2k5BTF/PeiPxP6+VmO55O2UyTgxIOvmom3BsIjzKB3eYAmr40BJCFbO7YtonilBjU8zbELzZk+dJ/aTklUvl69Ni5WIaRw7towN0hDx0hiroClVRDVH0gJ7QC3p1Hp1n5815n7QuONOZPfQHzsc3MFyd2Q==</latexit>

Y⌫ and ye complex

<latexit sha1_base64="1IcmZYVHYYBzQ+FjkUpxuva/oSY="></latexit>

⇢L ! e�i✓⇢/2⇢L,�L ! e�i✓�/2�L,

 R ! e�i✓ /2 R, L ! ei✓ /2 L

No CP-violation in the new sector !

H.Debnath, P.F.P.

The EDMs predictions the same as in the case of Dirac neutrinos

<latexit sha1_base64="ap1+smPTlyKekbuF/4nkG/dmyYs=">AAACM3icbVDLSsNAFJ34rPUVdelmsAgupCQi1ZUU3IirCvYBTQiTyaQZOpmEmYlQQv7JjT/iQhAXirj1H5y0VbT1wsC559zH3OOnjEplWc/GwuLS8spqZa26vrG5tW3u7HZkkglM2jhhiej5SBJGOWkrqhjppYKg2Gek6w8vS717R4SkCb9Vo5S4MRpwGlKMlKY889phujhAniOi5Bj+ZC1JdQYdEeeIB0UJvyUcUZ3mY0kQDfU+JovCM2tW3RoHnAf2FNTANFqe+egECc5iwhVmSMq+baXK1UMVxYwUVSeTJEV4iAakryFHMZFuPr65gIeaCWCYCP24gmP2d0eOYilHsa8rY6QiOauV5H9aP1PhuZtTnmaKcDxZFGYMqgSWBsKACoIVG2mAsKD6rxBHSCCstM1VbYI9e/I86JzU7Ua9cXNaa15M7aiAfXAAjoANzkATXIEWaAMM7sETeAVvxoPxYrwbH5PSBWPaswf+hPH5Bctrqm8=</latexit>

�⇢,� , and �� are reals
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How do we test the theory of 

P. F. P., S. Ohmer, H. H. Patel, Phys. Lett. B735, 283


<latexit sha1_base64="NKFZ5Ezq+PCZFS2VnIkGPiXtvSk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1ZMUvHisYD+gDWWznbRLdzdhdyOU0L/gxYMiXv1D3vw3btoctPpg4PHeDDPzwoQzbTzvyymtrW9sbpW3Kzu7e/sH1cOjjo5TRbFNYx6rXkg0ciaxbZjh2EsUEhFy7IbT29zvPqLSLJYPZpZgIMhYsohRYnJpgJwPqzWv7i3g/iV+QWpQoDWsfg5GMU0FSkM50brve4kJMqIMoxznlUGqMSF0SsbYt1QSgTrIFrfO3TOrjNwoVrakcRfqz4mMCK1nIrSdgpiJXvVy8T+vn5roOsiYTFKDki4XRSl3Tezmj7sjppAaPrOEUMXsrS6dEEWosfFUbAj+6st/Seei7jfqjfvLWvOmiKMMJ3AK5+DDFTThDlrQBgoTeIIXeHWE8+y8Oe/L1pJTzBzDLzgf3w/EjkI=</latexit>

`



P. Fileviez Perez 

How do we test the theory of 

P. F. P., S. Ohmer, H. H. Patel, Phys. Lett. B735, 283


<latexit sha1_base64="RbB4iEIbz2vi2frc9zUP7GArM+0="></latexit>

�L � y1 ̄RH�L + y2H
† L�L + y3H

†⌃L L + y4 ̄R⌃LH+

<latexit sha1_base64="R6llNm1ucgAuCoIaSkti8b6+dy0="></latexit>

y  ̄R LS
⇤
` +

y�p
2
�L�LS` + y⌃Tr(⌃L⌃L)S` + h.c.

There are 3 new CP-violating phases in this theory 

In the charged sector we have:
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How do we test the theory of 

e-EDMs

<latexit sha1_base64="o+PPX9T/fRelA1DXn0eQS0SLwIU=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4kJKIVE9S8OKxgv3ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMCxLBtXHdb2dldW19Y7OwVdze2d3bLx0cNnWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwup36rSdUmsfywYwT9CM6kDzkjBortc4fe10UolcquxV3BrJMvJyUIUe9V/rq9mOWRigNE1Trjucmxs+oMpwJnBS7qcaEshEdYMdSSSPUfjY7d0JOrdInYaxsSUNm6u+JjEZaj6PAdkbUDPWiNxX/8zqpCa/9jMskNSjZfFGYCmJiMv2d9LlCZsTYEsoUt7cSNqSKMmMTKtoQvMWXl0nzouJVK9X7y3LtJo+jAMdwAmfgwRXU4A7q0AAGI3iGV3hzEufFeXc+5q0rTj5zBH/gfP4A3fGPRQ==</latexit>

, Z`
<latexit sha1_base64="Zr9L/ScphYTQGdaIUZHTnkewflU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqicpePFY0X5AG8pmO2mXbjZhdyOU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++wmV5rF8NJME/YgOJQ85o8ZKD6M+75crbtWdg6wSLycVyNHol796g5ilEUrDBNW667mJ8TOqDGcCp6VeqjGhbEyH2LVU0gi1n81PnZIzqwxIGCtb0pC5+nsio5HWkyiwnRE1I73szcT/vG5qwms/4zJJDUq2WBSmgpiYzP4mA66QGTGxhDLF7a2EjaiizNh0SjYEb/nlVdK6qHq1au3+slK/yeMowgmcwjl4cAV1uIMGNIHBEJ7hFd4c4bw4787HorXg5DPH8AfO5w9Kjo3P</latexit>

hi
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How do we test the theory of 

e-EDMs
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How do we test the theory of 

e-EDMs
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How do we test the theory of 

e-EDMs
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How do we test the theory of 

n-EDMs
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Main Goal


