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Introduction to RHNs

Right-handed neutrinos are key ingredients in many SM extensions.
They constitute the simplest way to account for neutrino masses.
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Minimal extension of the SM

No extra interactions or symmetry groups. The only new particles are the
RH neutrinos, singlets of all gauge groups.

RHNSs only talk to the SM via mixing with active neutrinos. Their

iInteractions are only controlled by their mass and mixings.

At least 2 RHNs are needed to explain neutrino masses. The pheno can be
simplified In a 3 + 1 scenario, determined by 4 parameters.




Neutrinos in the GeV scale

The GeV scale is particularly interesting: no extra hierarchy problem, feasible
leptogenesis and accesible at lab experiments.
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HNLs at beam dump experiments

Heavy neutrinos can be produced at beam dump facilities via meson
decays and decay In the near detector into leptons and lighter mesons.
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Low energy effective operators

Z(x Hadronic matrix element in terms of meson momentum and decay constant.
———————— Meson momentum translated into a derivative acting on the lepton current.

n; Masses arise from applying Dirac’s equation to on-shell fermions.
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FeynRules implementation

Both for Majorana and

.rged neutrino sector: vy, 1,, 13, N,, controlled by U ., M,. Dirac neutrinog

*

.usion of charged and neutral mesons (pseudoscalars and vectors)

.\1 production and decay via meson interactions and fully leptonic processes.

*Optional switch to restore quarks instead of mesong
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v' HNLs play an important role in many natural
extensions of the SM

v’ Exciting prospects to probe them through meson
interactions

v DUNE ND could explore new regions of the
parameter space
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The existence of right handed neutrinos (or heavy neutral
leptons, HNLs) is the most natural extension of the SM to
account for the measured neutrino masses and mixings. Flavor

eigenstates will now have a heavy component:
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In the minimal scenario, no extra interactions are added to the
SM, and its particle content is only enlarged with right-handed
neutrinos. Their interactions wil only be controlled by their
masses and mixings with light states. HNLs may live at very
different energy scales.
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CWhy the GeV scaleD

extra Higgs hierarchy problem, in opposition to the type-I
saw with GUT scale neutrinos

asible solution of the BAU via leptogenesis(1-3J,

'erimentally accesible in lab experiments: peak searches,

m dumps) COIIIderS' .. (1)JHEP 08 (2016) 157 (1606.06719]

(2)JHEP 01 (2019) 164 (1810.12463]
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At low energies, meson interactions play an important role in HNL phenomenology. We compute the relevant low-energy
effective operators, integrating out the weak bosons and introducing the hadronic matrix elements.
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in FeynRules. As an application,

Heavy neutrinos in the GeV range are a simple and testable solution for several SM problems.
They can be produced and decay in meson interactions, which we have derived and implemented

we have estimated the sensitivity of the DUNE ND to heavy

neutrinos, finding its potential to probe very small mixings and improve most current bounds.
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Semileptonic processes
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Main discrepancies with literature
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Main discrepancies with literature

e Meson decay constants

7, K, D and D_ constants are precisely measured.

-1 and 1" are not eigenstates: effective constants are employed.

> Vector mesons’ constants are not easily determined.

Source of disagreement



Meson decay constants

n.and n” Mesons

These mesons are not interaction eigenstates: a change of basis is needed
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Meson decay constants

Vector mesons

e Matching of I' (VY — e™e™) to experimental data and extraction of fyo

e Negligible electromagnetic effects in pi case: fpi zfpo

e Matching of I'(z~ — K *7v.) to experimental data and extraction of f
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HNL Branching Ratios

BR

Eur. Phys. J. C 81 (2021) 1, 78 [2007.03701]
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Multimeson decays become relevant in the region M, 2 1000 MeV



Effect of the lab frame boost

Eur. Phys. J. C 81 (2021) 1, 78 [2007.03701]
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Increased detector acceptance due to HNL mass




HNL multimeson decays

7 leptons exhibit non-negligible BR (~25%) into states with several mesons: analogous case for HNLs

E stimation
from quark
processes

[1IK. Bondarenko, A. Boyarsky, D.
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This procedure applies separately for different quark flavors. Phase space suppression must be applied in the multi-kaon case:
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Sensitivity plots

Eur. Phys. J. C 81 (2021) 1, 78 [2007.03701]
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Sensitivity plots
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Sensitivity plots
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