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We study the minimal gauged U(1)g_; supersymmetric model and show that it provides an attractive
theory for spontaneous R-parity violation. Both U(1)z_, and R parity are broken by the vacuum
expectation value of the right-handed sneutrino (proportional to the soft supersymmetry masses), thereby
linking the B — L and soft SUSY scales. In this context we find a consistent mechanism for generating
neutrino masses and a realistic mass spectrum, all -
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Abstract

In this Letter we point out that in a class of models for spontaneous R-parity breaking
based on gauged B — L, the spectrum for neutrinos is quite peculiar. We find that those
models generally predict three layers of neutrinos: one heavy sterile neutrino, two
massive active neutrinos, and three nearly massless (one active and two sterile)
neutrinos.
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Main Goal

Dirac vs Majorana

Rare Processes
CP-violation and EDMs

Baryogenesis
Mechanisms
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Signatures at
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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 )

o[ ) Mqu VK
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’Mag’omna Neutrino Masses

J} _\_V:C M., V.
2

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

Canonical Seesaw

_ 1
—L, =Y, fLZ.O'QH*VR —+ §MR V}Z;CI/R + h.c.

) My=mpMgimyp

14—15

(Seesaw Scale)

What is the Seesaw Scale ?
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Neutrino Masses:
“Standard Paradigm”



Pati, Salam, 1974

Qy,arﬁ-lle]own ‘Umﬁcau’on

SU4)e ® SU(2)r ® SU(2)z O SO(10)

Up Ug Up V Ur Ug up N
dr dg dp € ), dr dg dp € ),

Sy M= mpMg i (mp)T mp = my

Mp <10%71° GeV

High Scale Seesaw
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P. F. P.,, M. B. Wise, Phys.Rev.D88, 057703
Low Scale (Luarﬁ-&gmm ‘Umﬁcau’on

SU@)c ! SU@). ! UQ)r

Uy Ug Up V
F s g ~J
QL (dr d, dy e) (4,2,0),

F, = (u,,? Ug Up Z/C) ~ (4,1,-1/2),

Fg=(d¢ d di e°) ~ (4,1,1/2).
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P. . P., M. B. Wise, Phys.Rev.D88, 057703
Neutrino Masses

. S! (1,1,0)
—L D Y5 F, xS + 5/1153 + h.c., 11 (4,1,12)
0 MP 0 2
(v ove S) M) o MP||v], Inverse Seesaw
0  (M2)Y' u S
D\ 2
S (i) MM >
X

See also: 2308.07367, 2205.02235, 2203.07381, 2107.06895, 2104.11229
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Main Goal

Dirac vs Majorana

Anomaly Cancellation

CP-violation and EDMs

Theories for Neutrino Masses
at the Low Scale

Baryogenesis
Mechanisms

Dark Matter Candidates

Signatures at
Colliders
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‘Tﬁeory @C Neutrino ‘Masses
at the Low Scale



Lepton Number as Local Gauge Symmetry

Anomaly
Cancellation

U(1)e
@[ -

Low Scale ’l‘ﬁeory
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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 rejoresenmu’ons

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

- Vector-like [ejonms
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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Relic Density

X x V4
X / ) i
X Zy X Zy
X Zy X Zy hooh
g + + ---
Y Z, X Zy X Zy
X Zy
X Zy X . Zy Z,

= + . + .

X .. hg(h) X - hg(h) X * hg(h,) .

X: '0 hK I
X “hg
X + h X o h
.’ X e h X AN l" h hfah 0"
= + l“ + ---“
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HRIDOY DEBNATH and PAVEL FILEVIEZ PEREZ PHYS. REV. D 111, 075020 (2025)

Majorana DM

ge=1
— Qpuh? =0.12

— Qxh2 > QDMh2
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HRIDOY DEBNATH and PAVEL FILEVIEZ PEREZ

PHYS. REV. D 111, 075020 (2025)

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

do,, _ d(ovie(xx = 17))
dE, ~ 8aM> dE,

n}' (O-Urel()(x - }’7)) dN}'}'
87M> dE, "™
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Collider Signatures J. Butterworth, H. Debnath, J. Egan, , arXiv:2505.06341
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Muon Spectrometer

@ Hadronic Calorimeter
L Electron Calorimeter
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J. Butterworth, H. Debnath, J. Egan, P. F. P, arXiv:2505.06341

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

Majorana Neutrinos

-LD YU?Ll.O'zH*I/R + /1R1/£CUR¢ + H.c.

V5 1yT
R e
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HRIDOY DEBNATH and PAVEL FILEVIEZ PEREZ

PHYS. REV. D 111, 075020 (2025)
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Majorana Neutrinos

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

Symmetry Breaking Scale:
Dirac vs. Majorana

100, :

—— Majorana Neutrinos

—— Dirac Neutrinos
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Summary

Dirac vs Majorana

Anomaly Cancellation
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