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e Final-state interaction (FSI) is an effect

2

Introduction

us Elastic
Scattering

where the neutrino-produced hadrons
undergo further scattering within the argon !
nucleus before exiting.

FSI distorts final-state kinematics and even
alters the types of detectable hadrons,

accounting for a major systematic
uncertainty for neutrino-nucleus interaction oy
modeling. Pion Production

In this work, we aim to study the impact of FSI modeling on DUNE neutrino
oscillation analyses.
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Sample generation

e We use GENIE AR23 20i_00_000 config to generate neutrino samples, with

the spectra obtained from the officially released DUNE flux files
(DUNE OptimizedEngineeredNov2017 REGULAR.root), and use Prob3++ to model

oscillations at 1300 km.

e With the baseline neutrino interaction model in GENIE AR23 20i 00 000
config, four FSI models are considered. (See next slide)

e Four types of neutrino samples are generated for each FS| model

- SM v, CC events, 5SM v CC events, 1M 1/,CC events, 1M 1,CC events
(available as dunegpvm:/exp/dune/data/users/yinrui/dataZ/NuGenerator/nu*_gst.root)
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GENIE FSI models

e With the baseline neutrino interaction model in GENIE AR23 20i 00 000
config, four FSI models are considered.

- hA2018 (G18 10a 00 000)
- hN2018 (G18 10b 00 000)
- The Liege Intranuclear Cascade model (INCL) (G18_10c_00_000)

- Geant4 Bertini Cascade model (G4BC) (G18_10d_00_000)

e hA2018 and hN2018 are widely used as inputs to current neutrino analyses;
whilst INCL and G4BC represent more sophisticated simulations, which have
been only recently incorporated into neutrino event generators.
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Some variables related to FSI

e With the generated samples, we are able to look at many variables related to
FSI. E.g. pion KE spectra for uﬂCC events

DUNE ND FHC »,CC z~ KE spectrum
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Some variables related to FSI

o Nucleon KE spectra for I/ﬂCC events

DUNE ND FHC v,CC proton KE spectrum DUNE ND FHC »,CC neutron KE spectrum
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e Some more (other modes, multiplicity, etc) are available on GitHub.
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https://github.com/Yinrui-Liu/FSI_plots

Neutrino energy reconstruction

The most directly relevant variable for FSI's impact on oscillation analyses is

the reconstructed neutrino energy.

In this work, we consider an optimistic scenario where 7~ can be identified,

meaning £ . q:on = Z E; + 2 I
i=n*,7"y.K

We show distributions of the relative energy bias
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Relative energy bias

DUNE ND FHC v,CC relative enerqgy bias DUNE ND RHC 7,CC relative energy bias
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AbSOI ute energy biaS More plots can be found on GitHub

le6 DUNE ND FHC ¢,CC absolute energy bias DUNE ND RHC 7,CC absolute energy bias
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https://github.com/Yinrui-Liu/FSI_plots

Sensitivity to LBL analyses

 The ultimate purpose of this study to compare the variation of using different
FSI models with the sensitivity to oscillation parameters.

e \We assume a ten-year exposure for DUNE (624 kt-MW-years). All sensitivities
and statistics are obtained from Eur.Phys.J.C 80 (2020) 10, 978.

» The v, disappearance analysis is sensitive to Am223 and sin? 055

« The v, appearance analysis is sensitive to 0,5 octant and Op.

e All samples are generated from the near detector fluxes, and then reweighted
to the oscillated fluxes using Prob3++ with variated parameters.
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https://doi.org/10.1140/epjc/s10052-020-08456-z
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Amy, in v, disappearance analysis
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sin” 0>, in U, disappearance analysis
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DUNE FD FHC ¢,CC neutrino energy spectrum
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Ocp in U, appearance analysis

Flux normalized to total event counts

Ratio w.r.t. hA2018
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Ocp in U, appearance analysis assuming maximal CPV (5cp = -

Flux normalized to total event counts

Ratio w.r.t. hA2018
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Discussion & summary

 The results show that the degeneracies caused by FSI model variation can
obscure oscillation effects. The bias has an effect on both normalization and
shape of the oscillated spectra. It is crucial to get FSI under control!

e Limitations of the study: in reality, we have the Near Detector (ND) designed
to constrain the interaction modeling; however, it is challenging to reliably
distinguish and constrain FSI.

- PRISM and a More Capable ND will be helpful.

e Hadron scattering data from experiments like ProtoDUNE would serve as
direct input to the FSI modeling.

e We are aiming at a technical paper for this study.
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Oscillation curves (examples by Prob3++)
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0, octant in v, appearance analysis
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CPV in v, appearance analysis
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