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Massive Neutrinos

° Majorana Fermions (Lejﬂton Number is broken Ey two units)

° DII’ ac Fermi ONS (Le}mm Number is conserved or broken but

not effective Majorana masses )
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’Mag’omna Neutrino Masses

J} _\_V:C M., V.
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Mechanisms: Theories:
- Type I Seesaw . B-L
+ Type Il Seesaw - Left-Right Symmetry
- Type III Seesaw - Pati-Salam
- Zee’s Model . GUTSs

* Colored Seesaw
- Witten’s Model
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- Majorana
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CPV and Neutrino Masses

2 2 2 721
X Ama; Amz; Ams, Te,

2! = Im [ Uy, Upp UL, U
y ! [U11 U0, U7, U5 | A

= g Sin(2 912) Sin(2 013) Sin(2 023) sin 5 )

Majorana jMaJ = Im Tr(mlm;rm,"jm,,m;m;‘rmz‘m,,).

See Branco, Gonzalez Felipe, Joaquim




eEDM and Sterile neutrinos

Excluded by cLFV
Allowed
Current bound e
Future sensitivity

CORRECT ?

Abada, Toma




‘Tﬁeory @C Neutrino ‘Masses
at the Low Scale



Lepton Number as Local Gauge Symmetry

Anomaly
Cancellation

U(1)e
| -

)

Qpah? <0.12 Low Scale ’l‘ﬁeory
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P.F. P, M. B. Wise

Lepton Number as Local Gauge Symmetry

?lnomafy Cancellation:

fLN(Z,—l/z,l) and eRN(l,—l,l),

A (SUB)EU(1),) =0,
A (SUQ)ZU(1),) = 3/2, I <
A;(U(1FU(1),) = -3/2
Ay (U(1)yU(1)7) =0,
As(U(1)3) =3, and As(U(1),) =3
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Solutions:

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

- Four rejoresenmtions

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

- Vector-like [e}owns

P.F P, M. B. Wise, JHEP1108, 068
M. Duerr, P. F P.,, M. B. Wise, Phys. Rev. Lett. 110, 231801
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P.F. P, Q’ﬁ_ysica[ﬂ%eview D 110, 035018 (2024)

Minimal Model

SUB)c ® SUR), @ U(l)y ® U(1),.

¥, ~(1,1,-1,3/4), Y~ (1,1,-1,-3/4),

x.~(1,1,0,3/4), and p; ~(1,3,0,-3/4).

vk ~(1,1,0,1),

Minimal number @C ﬁe[cfs to cancel all [ejmmic gauge anomalies
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P.F.P, ?ﬁ_ysica(ﬂ{eview D 110, 035018 (2024)

New Fermion Masses

== —LDA,Tr(pICpr)S+ ¥ ¥rS + A4 CyS* +He.,

where S ~ (1,1,0,3/2).

= —LDY/ic,Hvyp+y,f;Hep + H.c.

Zy): ¥, —>-Y,, Yr->-YWr, pLo>-pL. xXL—-xL
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HRIDOY DEBNATH and PAVEL FILEVIEZ PEREZ PHYS. REV. D 111, 075020 (2025)

Relic Density
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HRIDOY DEBNATH and PAVEL FILEVIEZ PEREZ PHYS. REV. D 111, 075020 (2025)

Dirac Neutrinos

Majorana DM
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HRIDOY DEBNATH and PAVEL FILEVIEZ PEREZ PHYS. REV. D 111, 075020 (2025)

Majorana Neutrinos

Majorana DM
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_ , H.Debnath, P.F.P.
CP-violation

Y, and y. complex

—i6,/2 —i6,, /2

pPL —7 € PL, XL —7 € XL,
Vp— 6—@'9\1,/2\111%7 v; — 67:9\11/2\111;

= Ap, Aw, and A, are reals

No CP-violation in the new sector !

The EDMs predictions the same as in the case of Dirac neutrinos
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P. FE P.,, S. Ohmer, H. H. Patel, Phys. Lett. B735, 283

Fields SU(3)- SU((2), U(1l)y U(I)L
\P+> 1 2 1 3

¥, — L 2 2

= (v -
‘I‘*) 1 2 1 _3
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P. FE P, S. Ohmer, H. H. Patel, Phys. Lett. B735, 283

LDy VrHXL + 1y H Wpxp +ysHIS U + y,UpSp H+

yo U RULS; + y—XXLXLse + ysTr(X1X1)Se + h.c.

V2
EE XTR
)= | % R
Vor X2R

There are 3 new CP-violating phases in this theory

In the charged sector we have: ¢ = arg(yayiuspiw),
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e-EDMSs
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e-EDMSs
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e-EDMSs

sl = 2|!/:5| =0.2, ¢oc=7/2
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e-EDMSs
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n-EDMs
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