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Introduction

The standard unitary lepton mixing matrix (PMNS) is:

Neutrino Mixing Matrix
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Non-unitary models

One more guestion: Is PMNS unitary?

For the case existence of a sterile neutrino -> the PMNS matrix is non-unitary

The (3+1) model consist 3 original neutrino flavors + 1 sterile neutrino.
The neutrino mixing can be expressed by a 4-generation PMNS matrix:
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Models like type-1 seesaw (linear or invert) can accommodate several new heavy
neutral leptons, leading to violation of lepton unitarity.



Non-unitary models

The New PMNS matrix for the type-I seesaw model

» Takes the form: K=(N S), where N isa 3x3 matrix, while S is a 3x m matrix,
with m the number of fermionic singlets that mix with the active neutrinos.

* The small block S ~ O (¢) is the seesaw expansion matrix.

A systematic approach to the (non-unitary) matrix N can be derived from the seesaw
expansion, as the lower triangular parameterization
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A viable way to study the non-unitarity is by using neutrino-electron elastic scattering
events (EVES).
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v? Analysis

For that case, the new EVES cross section can be expressed as
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From the previous collaboration meeting:
https://indico.fnal.gov/event/60082
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v Analysis
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We consider two nuisance parameters o, and o, (which were minimized) with
6,,=8% (5%, 2%) and o, = 10% to account for the normalization uncertainties of
the DUNE neutrino flux and background.

We ignore the non-unitarity effects that are expected to affect the CCQE
background rate; given the very low statistics of CCQE combined with the large
assigned uncertainty of oy, = 10%, we find this to be a valid assumption.

The performed statistical analysis proceeds under the assumption that the EVES

rate iIs induced by muon neutrinos only. ,



Probing the weak mixing angle

We now turn our attention on estimating the capabilities of DUNE-ND in probing the
weak mixing angle within the SM via the exploitation of EVES events.

The EVES cross section for Ev >> me can be expressed as
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* We consider two nuisance parameters o, and a, (which were minimized) with
6,,=8% (5%, 2%) and o, = 10% to account for the normalization uncertainties of
the DUNE neutrino flux and background.

« We ignore the effects that are expected to affect the CCQE background rate; given
the very low statistics of CCQE combined with the large assigned uncertainty of
Opkg = 10%, we find this to be a valid assumption.

« The performed statistical analysis proceeds under the assumption that the EVES
rate Is induced by muon neutrinos only.



Summary — Publication Plans

We have explored the utility of elastic neutrino-electron scattering (EvES) events
within and beyond the Standard Model (BSM) searches.

The analysis is based of EVES and relevant background events using parameterized
reconstruction techniques.

The result indicates that the DUNE-ND sensitivity will be particularly relevant if the
flux uncertainty will be under control.

Should we consider publishing this with the full DUNE-ND event reconstruction?

Thank vou for your kind attention
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Probing the weak mixing angle
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EVES measurements at DUNE-ND can place competitive constraints in the low-energy regime and
complementary to existing results from the analysis of COHERENT experiment



