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DUNE: Accelerator Neutrino Experiment
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Physics Search with DUNE-PRISM

de Gouvea, Machado, Perez-Gonzales, Tabrizi (2022)
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Spectral information increases sensitivity



v, Appearance at DUNE Near Detector

B-3L , vector mediator [form factor parameter Choice I]
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Anomalous meson decay or Proton bremsstrahlung

— BSM v, flux at DUNE Near Detector



v, Appearance at DUNE Near Detector

B-3L , vector mediator [form factor parameter Choice I]
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Hard & Wide neutrino spectrum from heavy 7'

— What can we learn about BSM v_ flux at DUNE-PRISM?




B — 3L, model Search at DUNE-PRISM

Shielding LAr Detector
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BSM v, flux from proton bremsstrahlung and neutral meson
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DUNE Fluxes L. Fields (https://glaucus.crc.nd.edu/DUNEF|uxes/)
: Optimized 3-horn Design with 1.5 m target and fully engineered Horns (Sept 2021)
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dk2nu file contains rt, K%, K; and their daughter particles (total 107 POT)

Re-decayed parent mesons to get fine MC spectra
& Compared to ‘DUNE Fluxes’ channel by channel

D, n° n spectra separately generated with Pythia 8 (SoftQCD:all)


https://glaucus.crc.nd.edu/DUNEFluxes/

Proton Bremsstrahlung for B — 3L, model
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Proton Bremsstrahlung for B — 3L, model
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DUNE Flux + BSM v Flux events
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Our 107 POT dk2nu files don’t include enough high energy mesons,

so even many re-decays can’t provide high energy neutrino flux.

NOT a fair SM background comparison with BSM v, flux!
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DUNE Flux + BSM v Flux events
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DUNE Flux extrapolated + BSM v Flux events
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Focusing on Hard & Wide BSM v, Spectrum
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Signal / Background for v_ at LAr detector
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Transverse Plane Kinematics

Albright & Schrock, 1979

Thomas Kosc (PhD Thesis), 2021

Log-likelihood ratio distributions
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Transverse Plane Kinematics

Our signal efficiency choices
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A - de Gouvea et al (2019): epqdron = 30%, enc = 0.5%
m - Devetal (2024): &5, = 5%, eyc = 0 (from Aurisano)

Slide along ROC curve fit - Conservative efficiency assumption compared to previous works
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Constraints — off-axis overlayed
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Constraints — off-axis overlayed Foguel, Reimitz Funchal - DeliVeR
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Constraints — off-axis overlayed
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Slide along ROC curve fit —» Give better sensitivity, especially at 1.5 GeV shoulder region
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Constraints

0 m, 3.5 yr per beam, FHC+RHC
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Slide along ROC curve fit - Give better sensitivity,
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Constraints — off axis effect

6 m, 3.5 yr per beam, FHC+RHC
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12 m, 3.5 yr per beam, FHC+RHC
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Efficiency choice becomes more important at more off axis position.
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Constraints — off axis effect

9B-3L,

0 m, 3.5 yr per beam, FHC+RHC
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Small advantage at off-axis over on-axis for heavier Z’, but mostly already constrained.

22



Optimistic Background Scenarios?

A. Aurisano (NuFact 2021) W. Dallaway (NuFact 2025)
Background reiection versus signa| efﬁciency Efficiencies as a Function of Energy (From Validation Sample)
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C I ° 0 m, 3.5 yr per beam, FHC+RHC
B T
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Heavy BSM mediator

— Hard and Wide neutrino spectrum |
— DUNE-PRISM would be nice place to study = ="
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