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Seesaw: Sterile neutrinos

Susy with RPV: Light neutralinos

1-loop models: Multi-charged particles



Type-l Seesaw Minkowski; Gellman, Ramon, Slansky; Yanagida; Glashow; Mohapatra,
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Low scale seesaw:

Mohapatra and Valle, Phys. Rev. D34, 1642 (1986).

Akhmedov, Lindner, Schnapka, and Valle, Phys.Lett. B368, 270)
Akhmedoy, Lindner, Schnapka, Valle, Phys.Rev. D53, 275,
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Susy with RPV : Light neutralinos

W =Nkl i+ i,

Here we consider: pp — Z° — x9x¥¢
0

94 m mXO W. Porod, M. Hirsch, J. Romao, and J. W. F. Valle,
F (X?) —_ v 1 Phys. Rev. D63, 115004 (2001), arXiv:hep-ph/0011248.
4
5127’(’3 msyusy mW M. Hirsch, M. A. Diaz, W. Porod, J. C. Romao, and J.

W. F. Valle, Phys. Rev. D62, 113008 (2000).
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Susy with RPV : Light neutralinos

For the bilinear RPV models these experiments cover large parts of the
range of the half-life predicted theoretically from the observed neutrino masses!.
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1-loop models:

OUR MODEL
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No additional symmetries to the SM
Additional symmetry to the SM sy (2), < Uy @

__ 2+
(i, 1) ~ (2,=1/2;4), £~ (1,1:4), N~ (1,0;-), S1,1,2 = St

o L Biaa = (857,857,8=7)
(67, 0°) ~ (2,1/2;4), (n*,n°) ~(2,1/2;-). Fios/2 = (F3+, F2+)

2 Dark Matter Candidates ! No Dark Matter Candidates



OUR MODEL
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. . . Smallness of the observed neutrino masses,
Long-Lived Multi-Charged Particles: together with the high multiplicity of the final states,
lead to Long-Lived Multi-Charged Particles!!!
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Conclusions

We have discussed 3 concrete models that ean explain the observed neutrino masses (a) light sterile
neutrinos (b) the lightest neutralino in R-parity violating supersymmetry and © 1-loop model with
multi-charged particles.

For sterile neutrinos, FASER and CODEX-b show similar sensitivities. Here, FASER compensates
its smaller detection volume by taking advantage of the fact that D-mesons (and to some degree
B-mesons) are produced mostly in the forward direction.

For the case of neutralinos in RPV SUSY we have found that FASER, CODEX-b and MATHUSLA
can cover interesting parts of the parameter space of these models, if the lightest neutralino has a
mass in the range of a few GeV up to mZ/2. In particular, for bilinear RPV models these
experiments cover large parts of the range of et predicted theoretically from the observed neutrino
masses.

Finally we discussed 1-loop neutrino mass model which does not require additional symmetries to
be the leading contribution to neutrino masses. We showed that in this approach multi-charged
particles which are Long-lived naturally appears as a consequence of the smallness of neutrino
masses. A new proposed experiments, such as MOEDAL-MAPP, located at the Forward direction
might be also sensitive to these particles.
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