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We discuss the predictions in the simplest theory for neutrino masses based on the spontaneous breaking
of local lepton number. This theory provides a simple theoretical framework 10 understand the possible
relation between the ongin of neutring masses and the nature of the dark matter. In this theory, one of the
fields needed for anomaly cancellation is a dark matter candidate and the local lepton number 15 broken at
the low scale. We discuss in great detail the dark matter properties showing the allowed parameter space by
the relic density bounds and the predictions for direct detection. The predictions Tor gamma and neutrino
lines from dark matter annihilation are investigated. In the case of Dirac neutrinos, the bound on the
effective number of relativistic degrees of freedom plays an important role and the predictions Tor ganama
lines could be tested in the near future. We discuss the predictions in the case of Majorana neutrinos, where
the dark matter candidate has extra annihilation channels, and compare all the predictions to the case with
Diirac neutrinos.
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Motivation

Anomaly
Cancellation

U(1)e
N | @ DM

Total Lepton Number ¢ =/, + Eu + 0.

H.Debnath , P.Fileviez Perez , K.Gonzalez-Quesada - PRD 109 (2024) 11, 115030



Theory for Total Lepton Number

. Gauge Group
SU3)e x SU2), xU(1)y x U(1)y

* Anomaly is not cancelled

AU(1)?) = 3, A(SU(2)2U (1)) = 3/2

* |f we add 3 copies of right-handed
neutrinos, then AU(1)3) =0

P.Fileviez.Perez and M.B.Wise ,Phys.Rev.D 82 (2010) 079901
M.Duerr, P.Fileviez.Perez and M.B.Wise ,Phys.Rev.Lett. 110 (2013) 231801



Solutions to cancel Anomalies

Minimal Model :

Uy~ (1,1, -1,3/4) xr ~ (1,1,0,3/4)

Up~(1,1,—-1,-3/4) pr ~ (1,3,0,-3/4)

P.Fileviez Perez, Phys.Rev.D 110 035018(2024)



Physical States

New gauge boson Z, associated with the local lepton number.

SM like Higgs boson, h = hgcosfy — hgsin 8y

New CP even Higgs boson, hy = hgsinf, + hg cos 8y

Two charged Fermionic Fields, V& =W, + V¥,

Two Majorana Fermionic Fields, v = yr, + Xg and pO = p% + (p}

and p~ = p; + (p})°

O)C’

Lightest neutral field from the prediction of anomaly cancellation,

DM candidate.

H.Debnath , P.Fileviez Perez - PRD 111 075020(2025)
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Dark Matter Constraints

Majorana DM
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Fig. Allowed parameter space in the Mz, — M, plane

Symmetry breaking scale is order of O(10) TeV
when neutrinos are Dirac particle.
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Indirect Detection (Gamma Lines)

XX — VY, 47

Flux
Flux

ET;KMDM E,Tj'ﬂff[}m

P.Fileviez Perez , C.Murgui. Phys.Rev. D 100(2019)12 , 123007
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One can hope to test this theory in the near future at CTA.




The flux for the gamma lines is given by

d®,

dE,

(GGamma Lines

_ Tlfy(UUrel(XX — r)/’)/)) dN’Y J

SWM)% dE.

Here the Spectrum function is written as
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Fig. Total photon flux as a function of E. /M,

with 10% energy resolution.
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Majorana Neutrinos

One can implement the canonical seesaw mechanism by introducing a new scalar ¢ ~ (1,1,0, —2).

Yukawa interaction can be written as

—L D YVELiJQH*VR + /\RV}:;CVR@ + h.c.

The neutrino mass matrix is given by
2
__ Yg — 1y T
M, =Y, My'Y,

where M,

ge

MN:\/§)\RU¢:)\—\/% ESil’l,B

Low Scale Seesaw Mechanism. o
H.Debnath , P.Fileviez Perez - PRD 111 075020(2025)
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One can hope to test this theory in the near future at CTA.
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Summary

e We investigate a theory for neutrino masses predicting a DM candidate.
e We show the predictions for direct detection, indirect detection.
e The gamma lines could be tested in the near future.

e We discuss the predictions when neutrinos are Majorana fermions.

e This theory provide a unique theoretical framework to understand the origin of neutrino

masses and the nature of dark matter.
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Dirac Neutrinos

Cosmological Bounds: Ny

At the decoupling temperature of right handed

neutrinos , 7. ,jigc
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N¢ s Bounds exclude the parameter space

below Mz, /ge < 9 TeV.
Fig. Extra contribution to the number of relativistic

degrees of freedom as a function of My, /gs.

H.Debnath , P.Fileviez Perez - PRD 111 075020(2025)



Direct Detection

10743 | | |
10744 L |
Spin independent dark matter- nucleon
P P N — |
cross section can be written as g 10 LZ Combined (2024)
h) = 9Gr 9 29 M4 & 1076 —
oyn(hi) = ovay Sin” 0 cos” 0, - —
10747 L — sinfly = 0.1
2 - — ginf, = 0.
o 9EMS ( ) ) ) 1 : sin 6 = 0.03 — sinfl, = 0.01
2 Ar2 N 10-48 \ \ - | . . . | . . . | . . .
MZE My, My, 2 4 6 8 10
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One can easily satisfy the Direct Detection
bounds when mixing angle is 0(10—2), Fig. Dark matter-nucleon spin independent cross section

Ne¢ ¢ bounds are much stronger than the direct detection bounds.
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Indirect Detection (Neutrino Spectrum)
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Unfortunately, the predictions for these channels are far from the experimental limit.
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