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asymmeftry in the u
anomalies.

most of the solutions of the issues
above imply new degrees of freedom
having non-standard interactions (NSI)
with neutrinos and the other particles

of the SM

2



account in the fu
experiments. They range from obscuri
the neutrino mass ordering [1], o
misidentification of the flavor neutrinos,
or the experimental abllity to distinguish
neutrinos from antfineutrinos.

[1] See Capozzi et al. Phys. Rev. Lett.
(2021); arXiv:1908.06992




Left-right (symmetric ¢
3-3-1 models

A combination of the previous ones
Grand unification

Supersymmetric version of one of the previous g 7

None of the above
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Similarly for quarks.
SM multi-Higgs doublet models Y=+1, n=1,2,3,...

T T T
_£ — L’aL Tub bRH ‘{‘ L’QLIXHE)I bRH + H{'_

a = e [i,T




VIIMYVE = M VITMVE = MY,

lepton-scalar interactions
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In the quark-scalar sector
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Survive separately in n

The matrices Inferactions with the




Lepton-charged vector interactions (m331)

ValL (VLR)abF} HUL)aL + [uR (VLR)abﬁf H(V )bR] I .+ H.c.
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Verns = Vi VY,

We can eliminate one of the matrices using
the PMNS

This sort of inferactions occur in the m331 model and in the SU(
[Frampton&Kephart PR42, 3892R (1990)]



Only If

Charged leptons are mass
eigenstates basis from the very
beginning, then
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Vector-like quarks
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It 15 possible to use the definition of the CKM matrix Veogayr = V7 Y f to ellminate one

1 ~U.D i . r T F
of the matrix V77, for mstance V Efr =V LD Verm

Buras et al ,arXiv:2107.10866 [hep-ph]



Effective interactions
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Some conseguences.




1. Neutrino oscillations

The idenftification of the neutrinos of a given #itavor

cannot be done in a model independentg’way
Y. Grosmam, Phys. LeftB 359, 141 (1995)



In models with gauge symmetry

SUR)L @ SU@ @ UMW) g1, g() # gu(p), I
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In this case there is a new CPF violating phase between the interactions (in quark and
lepton sectors) with ULi and Uﬁ? The same occurs in 3-3-1 model and the extra singly

charged vector boson, V=,

Diaz et al J. Phys. G48, 085010 (2021)



production: S — X, + .

Detection : vT" — Yj

The source S Is separated from the target T




2. Glashow resonance (SM)

S. Glashow, Phys. Ver. 118, 316 (1960)

(V)R + e; — W™ — hadrons

lceCube: Nature 591 (7849) 220-224 (2021),
[erratum: Nature 592 (7855) E11 (2021)]



Vel, + E—:I

ver, + €5 — H™ — known hadrons,

Ve, T €5 = VT — 1y + 15,

For exoftic resonances see: /
De Conto and Pleitez, Phys. Ver. D 96, 075028 (2017); arXiv:1708.06285




In 2DSM model and right-handed neutrinos
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et al, arXiv:2010.05797




3. Neutrino---antfineutrino confusion

Ve, — ,  heutrino

Vep — 15+ W™, anti-neutrino

Vel —> neutrino!

vep — I + V7, anti-neutrino!

It is necessary to measure the helicity of the charged
lepton helicity to distinguish among the four cases



4. Other processes

v, + N — i+ X (jud) (a), vyp+ N —= pup+ Y, (Jdd) (D)
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INn the SM:

vur,(7ur) + N — pp () + hadrons

In the m331. v + N — 1+ X (jud) (a).

Elementary process: /




have interactior

,
AR

2. These interactions can make even the definition o
flavor of a neutrino to be model dependent. /

3. Also the experimental distinction of what is a neupng
or antineutrino can be complicated because theré are
models in which neutrinos have interactions that fake
an antineutrino.






