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ν eeν ee →  → ν eeν ee
radiative correction study motivationradiative correction study motivation

● Intense neutrino beams improve the statistics for 
analysis;

● Possibility to test with high precision the standard 
model predictions;

● Clean measurement of precise electroweak 
predictions;
– Possible contribution from Neutrino Charge Radius.

For details:For details: https://doi.org/10.1103/PhysRevD.104.013007

https://doi.org/10.1103/PhysRevD.104.013007


 3

Tree level cross sectionTree level cross section
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Radiative correctionsRadiative corrections
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Corrected cross sectionCorrected cross section
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Coupling constantsCoupling constants
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First approach – monoenergetic beamFirst approach – monoenergetic beam

where,

For a fixed E
ν
,
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κκ dependence on  dependence on qq²²
(5)

(6)
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κ eκ eand its contributionsand its contributions
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Neutrino Charge RadiusNeutrino Charge Radius



 11

Neutrino Charge RadiusNeutrino Charge Radius
● The straight-electron scattering forward definitionstraight-electron scattering forward definition of a neutrino charge 

radius has been proven to be gauge-electron scattering dependentgauge-electron scattering dependent;
● The definition we use is an attempt to define a attempt to define a 

physically observablephysically observable neutrino charge radius;
● A more general interpretation of the experimental experimental 

resultsresults is that they are limits on certain nonstandard nonstandard 
contributions to neutrino scatteringcontributions to neutrino scattering.
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Prediction depending on NRCPrediction depending on NRC
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Number of eventsNumber of events
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DUNE Near Detector – case studyDUNE Near Detector – case study
Located 574 m from 
beam target

• Multiple 
complementary 
systems;
• Measure the neutrino 
flux;
• Monitor time variation 
of beam;
• Constrain cross-electron scattering 
section models and 
systematic 
uncertainties.

PRISM can move off-electron scattering axis up to 33 m (different beam fluxes, characterize beam,PRISM can move off-electron scattering axis up to 33 m (different beam fluxes, characterize beam,
                                                                                                                          and constrain systematic uncertainties)and constrain systematic uncertainties)

SAND ND-electron scattering GAr ND-electron scattering LAr

https://arxiv.org/abs/2103.13910 

https://arxiv.org/abs/2103.13910
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Fluxes for DUNE-electron scattering PRISMFluxes for DUNE-electron scattering PRISM
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Number of Number of nunu (left) and (left) and
anti-nu eanti-nu e(right)(right) e eon-electron scattering axis eventson-electron scattering axis events
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Event number comparisonEvent number comparison
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Expected sensitivity to RCExpected sensitivity to RC

95% CL

3 σ
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90% CL

1 σ
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PDG Limits on NCRPDG Limits on NCR

P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020 , 083C01 (2020) and 2021 update
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ConclusionsConclusions
● DUNE-electron scattering like ND is capable of measuring electroweak 

theory radiative correction effects;
● In order to improve sensitivity we need higher flux at 

low energies;
● A 90% CL NCR indication is possible in this case 

study, as long as the systematic uncertainties are 
below ~3%.
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Thank you!
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ND-electron scattering LAr requirements/capabilities
● Comparable to FD;
● Measure the neutrino flux;
● Reconstruct the neutrino energy;
● Measure the energy spectrum;
● Validate modeling of νe background...
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ND-electron scattering GAr requirements/capabilities
● Track, identify the sign, and momentum-electron scattering analyze muons exiting ND-electron scattering Lar;
● Measure the energy spectrum of νμ and ν̄μ charged current interactions 

that occur in ND-electron scattering LAr;
● Clarify the relationship between true and reconstructed energy by 

studying neutrino interactions on argon;
● Sensitive to low energy charged tracks, photons, and neutrons;
● Greatly extends the particle ID performance, particularly for proton-electron scattering pion 

separation...
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System for on-electron scattering Axis Neutrino 
Detection -electron scattering  SAND

● Continuous on-electron scattering axis beam monitoring system;
● Have muon or neutrino energy resolution in νμ events to 

detect spectral variations;
● provide an independent measurement of the interaction rate 

and energy spectra of the νμ, ν̄μ, and νe, ν̄e beam components;

● complementary measurements of both the normalization and 
energy dependence of the flux...
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Neutrino Charge Form Factor and NCR
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