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Opening
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Alleviating the present tension between T2K and NO ν νA with
neutrino New Physics at source
Authors: Adriano Cherchiglia1; Orlando Luis Goulart Peres2; Edson Souza 3; Fernanda Rodrigues3; Pedro Simoni
Pasquini4; Rafaela Rossi3

1 Universidade Estadual de Campinas
2 UNICAMP
3 University of Campinas
4 Unicamp

Corresponding Author: peres.orlando@gmail.com

Since neutrino oscillation was observed, several experiments have been built to measure its parame-
ters. At the present there ia tension between T2K and NOVA. We propose a non-standard neutrino
interaction at production. In this scenario, computed by quantum field theory formalism can made
a better description of combined data. A new phase from this new interaction can made a role in
search for violation of charge and parity symmetry.

Poster Session / 7

Neutral andCharged forbidden contributions to ν−40Ar cross sec-
tions
Author: Arturo Samana1

1 Universidade Estadual de Santa Cruz

Corresponding Author: arturo.samana@gmail.com

The contributions of neutral and charged forbidden and allowed multipole to ν−40Ar cross sections
are evaluated within the QRPA and PQRPA models as function of the neutrino energy in the interval
of interest for supernova neutrinos. These calculations are important as input for neutrino generator
and simulator as the Marley code used for DUNE experiment.

Poster Session / 8

Electron/positron beam identification analysis in FERMILAB
Authors: Carlos Javier Solano Salinas1; Edgar Chavarria2

1 UNMSM, Peru
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2 UNI, Peru

Corresponding Author: csolanos@unmsm.edu.pe

In High Energy Physics it is essential the study of the particles that make up everything (at least the
known baryonic universe). Carrying out a study of these particles is necessary devices (detectors).
These devices interact with particles through known physical processes and then, through a data
acquisition system, one can proceed for further analysis. In the MINER A experiment, the cross-
section measurements are generally done. As a previous step, they used a mini test detector called
Test Beam II (TB II) to see the response of new materials (objectives and scintillators) to different
energy bands. In this work, the response of the Beam II test detector to electron and positron beams
are studied. The response of this detector is studied for energies in the range of 2 to 8 . A data/MC
comparison is also performed to see discrepancies with the model used, as well as in the analysis
of the behavior of electron and positron beams under different parameters (electromagnetic cascade
opening angle, electromagnetic cascade starting module and energy absorbed by the calorimeter).
Our method has allowed the differentiation of electron and positron beams, unequivocally for the
energies in the range 2-6 and, to a lesser extent, in the range 6-8 . This is genius result given
that previous experiments did not obtain results that could differentiate well electron beams relative
to positron beams in these beam energy ranges

Poster Session / 9

Parallelizing the computation of neutrino oscillation parameters
in a general background medium, by using the Jacobi Method

Author: Gustavo Valdiviesso1

1 Universidade Federal de Alfenas

Corresponding Author: gustavo.valdiviesso@unifal-mg.edu.br

This work describes an alternative tool for the study of matter effects over neutrino propagation, by
numerically describing the mixing amplitudes and mass splittings as a function of a single param-
eter. It allows the description of these observables in the same manner as it is commonly seen in
2-neutrino phenomenology, identifying resonant mixing and level crossing, except in a N-neutrino
scenario. This is accomplished by sequentially applying the Jacobi diagonalization method over a de-
fined and smooth path, in infinitesimal steps, transporting the information about the neutrino mixing
and parametrization from one background to another. This transport occurs in the parameter space,
thus being reliable even over spatial background discontinuities. Due to the nature of the neutrino
mass-flavor mixing, it is possible to describe any background effects, in a model-independent way,
by making use of the vacuum mixing only. This is computationally interesting since the workload
can be split in two stages, separating the diagonalization from the physical interpretation and fitting
of any model in question. The procedure is detailed and benchmarked against known analytical
solutions, together with a complexity and computational-time analysis.

Poster Session / 10

The search for Majorana neutrinos with nEXO

Author: Caio Licciardi1

1 Laurentian University

Corresponding Author: caio.licciardi@snolab.ca
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Neutrinos are the only known fermions with zero electric charge, and thus far the unique candidates
to act as their own antimatter counterpart. If indeed a neutrino is its own antiparticle, we can
find processes in which lepton number conservation, a global symmetry of the Standard Model, is
violated. Such a discovery would have great implications in neutrino physics and their interactions.
The most sensitive test for this condition, also known as Majorana neutrinos, is through the search
of a hypothetical decay known as neutrinoless double beta decay. The primary focus of the nEXO
Collaboration is the search for this process using a liquid xenon time projection chamber, at the
tonne-scale rooted on the success of the EXO-200 experiment. Our projections result in a half-life
sensitivity beyond 1028 yr, sufficient to cover a milestone of this search consisting of the inverted
ordering of neutrinos masses. This poster presents the search as well as the nEXO detector and its
potential for discovery of new physics.

Impact of scattering uncertainties on measurements / 11

Impact of interaction uncertainties on oscillation measurements

Corresponding Author: clarence.wret@physics.ox.ac.uk

Impact of scattering uncertainties on measurements / 12

Impact of interactionuncertainties onneutrino cross sectionmea-
surements

Corresponding Author: vpandey@fnal.gov

Impact of scattering uncertainties on measurements / 13

Systematic uncertainty reduction and residual cross section un-
certainties for PRISM

Corresponding Author: i.caracas@uni-mainz.de

Impact of scattering uncertainties on measurements / 14

Impact of neutrino cross section uncertainties on T2K physics
measurements

Corresponding Author: laura.munteanu@cern.ch

Impact of scattering uncertainties on measurements / 15

TBA
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Meson-exchange currents in quasielastic electron and neutrino
scattering in a generalized superscaling approach

Authors: JOSE ENRIQUE AMARO1; Paloma Rodríguez CasaléNone

1 UNIV. GRANADA

Corresponding Author: palomacasale@ugr.es

A method that enables the consistent inclusion of meson-exchange currents (MEC) within
the framework of the superscaling analisys with relativistic effective mass will be presented. We
use a novel definition of the single nucleon tensor, defined as the mean value of the single-nucleon
responses by averaging with an energy distribution n() [1]. This single nucleon prefactor is
obtained from the 1p-1h matrix element of the OB current combined with the two body current.
The averaging definition is extended beyond the scaling region of the ψ variable characteristic
of the Fermi gas modifying the momentum distribution through a smeared Fermi distribution
[2].
In the generalized scaling analysis, the selected QE data generate a band with scatter of
20% at the maximum (highlighting the extent of scaling violation) that will be parametrized
using a simple function f (ψ ∗ ) ∗ .
Through the inclusion of MEC, we conducted a comparative analisys of the 1p-1h response
functions within the context of the RFG, RMF and SuSAM ∗ models. These responses can be
expressed in a factorized way as the product of the averaged single nucleon multiplied by the
scaling function. A reduction in the transverse response is observed, which is in accordance
with previous calculations [3][4].
In this manner, the 1p-1h cross section including MEC is calculated and compared with
the calculation without MEC and the experimental data [5][6]. Our examination shows that
in the low momentum limit, the predictions of the relativistic model align with those of the
non-relativistic model in Fermi gas. The formalism can be extended to calculate the 1p-1h
neutrino nuclear responses by including the meson exchange currents using the models already
proposed in electron scattering.
[1] P. R. Casale, J. E. Amaro, V. L. Martinez-Consentino and I. Ruiz Simo, Universe 9, no.4, 158
(2023) [arXiv:2303.03890 [nucl-th]].
[2] P. R. Casale, J. E. Amaro and M. B. Barbaro, Symmetry 15 (2023) no.9, 1709 [arXiv:2307.15783
[nucl-th]].
[3] J. E. Amaro, M. B. Barbaro, J. A. Caballero, T. W. Donnelly, C. Maieron and J. M. Udias, Phys.
Rev. C 81 (2010), [arXiv:0906.5598 [nucl-th]].
[4] J. E. Amaro, A. M. Lallena and G. Co, Nucl. Phys. A 578 (1994), 365-396 doi:10.1016/0375-
9474(94)90752-8
[5]Benhar,O.;Day,D.;Sick,I. An archive for quasi-elastic electron-nucleus scattering data [arXiv:nucl-
ex/0603032]
[6] Benhar,O.;Day,D.;Sick,I. Available online: https://www.faculty.virginia.edu/qes-archive/ C83 (2011)
045501.

Poster Session / 19

JLab Spectral Functions of Argon in NuWro and Their Implica-
tions for MicroBooNE

Author: Rwik Dharmapal Banerjee1

Co-authors: ARTUR ANKOWSKI 2; JAN SOBCZYK 2; HEMANT PRASAD ; Krzysztof Graczyk ; Beata KOWAL

1 University of Wrocław
2 UNIVERSITY OF WROCLAW
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Corresponding Author: rwiku98@gmail.com

The Short-Baseline Neutrino program in Fermilab aims to resolve the nature of the low-energy ex-
cess events observed in LSND and MiniBooNE, and analyze with unprecedented precision neutrino
interactions with argon, which requires reliable estimate of neutrino cross sections. We report up-
dates of the NuWro generator that bring the state-of-the-art spectral functions to model the ground
state properties of the argon nucleus, and improve the accuracy at low energies by accounting for
effects of Coulomb potential and nuclear recoil. We discuss these developments in context of elec-
tron and neutrino interactions, by comparing NuWro predictions to experimental data from JLab
Hall A and MicroBooNE. The MicroBooNE data are described with the Chi square per degree of
freedom of 0.7, compared with 1.0 in the local Fermi gas model. Being obtained using the axial
form factor parametrization from MINERvA, our results indicate a consistency between the CCQE
measurements in MINERvA and MicroBooNE

Impact of scattering uncertainties on measurements / 20

ProbingEarth’s internal structurewithhigh energyneutrino trans-
mission
Authors: Reinaldo Francener1; Victor Gonçalves2

1 UNICAMP
2 UFPEL

Corresponding Author: reinaldofrancener@gmail.com

The opacity of the Earth for the incidence of high energy neutrinos is directly related to the neutrino-
nucleon cross sections and the description of the distribution of matter in the Earth’s interior. In this
work we investigate the sensitivity of neutrino transmission to the use of different models for Earth’s
density profile. In particular, we compare neutrino transmission using the PREM density model with
three-, two- and one-layer models (core, mantle and crust) and constant densities. To calculate the
neutrino-nucleon cross section we used the DGLAP predictions, with the CT14 parametrizations.
Our results indicate that neutrino transmission is sensitive to different Earth profile density models
at magnitudes that depend on the kinematic region tested and the models compared. We also show
that the regeneration of the tau neutrino flux by its decay significantly impacts flux transmission in
all models studied. The results achieved indicate that Earth profile density models impact the events
observed at neutrino observatories such as IceCube.

Poster Session / 21

Random Forests for determining muon numbers in extensive air
showers relative to their primary energyusingKASCADE-Grande
data
Author: omar moises asto rojas1

Co-authors: Juan Carlos Arteaga-Velázquez 2; Carlos Javier Solano Salinas 3

1 Universidad Nacional de Ingeniería
2 Instituto de Física y Matemáticas, Universidad Michoacana
3 UNMSM, Peru

Corresponding Author: oasto1310@gmail.com

This study presented the development and application of two Random Forest (RF) models to KASCADE-
Grande data with zenith angles θ < 40◦, obtained from the KASCADE Cosmic Ray Data Centre. The
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aim was to predict the primary energy and correct the muon number for systematic effects on an
event-by-event basis. Model training involved KCDC simulations using the high-energy hadronic
interaction model QGSjet-II-04. To refine the RF models, we conducted feature engineering on the
magnitudes and fine-tuned the hyperparameters. The results enabled us to estimate the number of
muons relative to the primary energy in extensive air shower events across the energy range from
10 PeV to 1 EeV. A comparison was made between the experimental results and the expectations
from the QGSJET-II-04 model, considering pure protons and iron nuclei, respectively.

Impact of scattering uncertainties on measurements / 22

TBA

Impact of scattering uncertainties on measurements / 23

TBA

Impact of scattering uncertainties on measurements / 24

TBA

Impact of scattering uncertainties on measurements / 25

TBA

27

Constraining Lorentz InvarianceViolationParametersUsing Short
and Long Baseline Experiments
Authors: Andre Steklain1; Luciana Hirsch2

1 Universidade Tecnologica Federal do Parana
2 UTFPR

Corresponding Author: steklain@utfpr.edu.br

The Lorentz Invariance is deeply connected to Special Relativity, which states that the laws of physics
are the same for different observers in relative motion. It is the foundation of other successful theo-
ries, like quantum field theory, and connected to fundamental symmetries, like charge, parity, and
time reversal (CPT), which is essential in the Standard Model of particle physics. Nevertheless, alter-
native theories proposing that Lorentz Invariance may break in some scales have been considered
in the context of neutrino oscillations, as they can explain some anomalies present in experiments
like LSND and MiniBoone. The dependence on baseline and energy can distinguish the influence of
LIV on these anomalies in contrast with other effects, like Non-Standard Interactions (NSI). In this
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work, we perform simulation studies to study the influence of Lorentz-violating parameters in neu-
trino experiments combining two different baselines. We use the General Long Baseline Experiment
Simulator (GLoBES) with a modified probability engine to include LIV parameters.

Poster Session / 28

First Measurement of Double-Differential Charged Current νμ–
Argon ScatteringCross Sections InKinematic ImbalanceVariables
With The MicroBooNE Detector
Author: Afroditi PapadopoulouNone

Corresponding Author: apapadop@fnal.gov

Making high-precision measurements of neutrino oscillation parameters requires an unprecedented
understanding of neutrino-nucleus scattering. In this work, we present the first charged current
double-differential cross sections in kinematic imbalance variables. These variables characterize both
the transverse and total kinematic imbalance in a neutrino interaction. We use events with a single
muon above 100 MeV/c, a single final state proton above 300 MeV/c, and no recorded final state pions.
Thus, these variables act as a direct probe of nuclear effects such as final state interactions, Fermi
motion, and multi-nucleon processes. Our measurement allows us to constrain systematic uncertain-
ties associated with neutrino oscillation results performed by near-future experiments of the Short
Baseline Neutrino (SBN) program, as well as by future large-scale experiments like DUNE.

Poster Session / 29

Cross Section Systematics in DUNE
Author: Lars Bathe-Peters1

1 University of Oxford

Corresponding Author: lars.bathe-peters@physics.ox.ac.uk

For the operation of precision neutrino experiments, the understanding of neutrino interactions with
matter are preconditioned requirements of all detections and measurements of neutrinos. The largest
uncertainties in estimating neutrino-nucleus interaction cross sections arise in the incomplete un-
derstanding of nuclear effects. In the study of neutrino oscillations and nuclear scattering processes,
obtaining an interaction model with associated uncertainties is of sub- stantial interest for the neu-
trino physics community. This report presents studies of simulated CC 2p-2h interactions, in which
a neutrino interacts with a bound pair of nucleons. This interaction mode is very poorly constrained
by current data. A comparison of three leading CC 2p-2h models is presented, along with a number
of uncertainty parameters that have been implemented to account for model-to-model discrepancies
in the DUNE oscillation analysis.

30

LIV Studies for Inverted Hierarchy Scenario
Author: Thiago Cruz1

Co-authors: Angelo Thomazi 1; Diego Madeira 1; Lucas De Lima 1; Samuel Marcolin 1; Johan Wodzynski 1; Andre
Steklain 2; Luciana Hirsch 3
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1 Universidade Tecnológica Federal do Paraná
2 Universidade Tecnologica Federal do Parana
3 UTFPR

Corresponding Author: thiagocruz397@gmail.com

The Standard Model is highly successful in describing the behavior of particles and the nongravita-
tional forces that govern their interactions. However, its limitations hinder our ability to explain
certain phenomena, like the observed matter-antimatter asymmetry. Such limitations led to the
development of extensions to the Standard Model. Unified theories, such as string theory and loop
quantum gravity, suggest that Lorentz Invariance Violation may occur at the Planck Scale, but direct
measurements at this scale are currently impossible. Nevertheless, this violation could be observable
at a lower energy scale accessible to current experiments under the Standard Model Extension (SME)
framework. Long-baseline experiments with neutrinos are crucial in advancing our understanding
of physics beyond the Standard Model. Nevertheless, such studies mainly concern the normal hi-
erarchy of neutrino masses. In this study, we investigate the influence of LIV parameters on the
inverted hierarchy scenario. We present the probabilities, event rates, and sensitivity studies for
long-baseline neutrino experiments.

Poster Session / 31

Muon-neutrino charged-current cross sections fromMicroBooNE:
first simultaneousmeasurements of final states with andwithout
protons for Muon-neutrino scattering on argon

Author: Benjamin BogartNone

Corresponding Author: bbogart@umich.edu

A detailed understanding of muon neutrino charged-current interactions on argon is crucial to the
study of neutrino oscillations in current and future experiments using liquid argon time projection
chambers. To help fill this need, MicroBooNE has produced a comprehensive set of cross section
measurements which simultaneously probe the leptonic and hadronic systems by dividing the in-
clusive channel into final states with and without protons. Data-driven model validation utilizing
the conditional constraint formalism is employed to detect mismodeling that may bias the nominal
flux averaged cross section results, which are extracted with the Wiener-SVD unfolding method.
The results are compared to widely used event generator predictions revealing significant mismod-
eling of final states without protons, possibly due to insufficient treatment of final state interactions.
These are first differential muon neutrino-argon cross section measurements made simultaneously
for final states with and without protons, and provide novel information that will help stimulate the
improvement of event generator modeling.

Poster Session / 32

Data-driven model validation for neutrino-Argon inclusive mea-
surements at MicroBooNE
Author: London Cooper-troendleNone

Corresponding Author: lcoopert@fnal.gov

Neutrino-nucleus cross section measurements are needed to improve interaction modeling to en-
able upcoming precision oscillation measurements and searches for physics beyond the standard
model. There are two methods for extracting cross sections, which rely on using either the real or
nominal flux prediction for the measurement. We examine the different challenges faced by these
methods. Furthermore, the necessity for model validation in both procedures is addressed, and dif-
ferences between “traditional” fake-data based validation and data-driven validation are discussed.
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Data-driven model validation leverages goodness-of-fit tests enhanced by the conditional constraint
procedure. This procedure aims to validate a model for a specific measurement so that any bias intro-
duced in unfolding will be within the quoted uncertainties of the measurement. Results are shown
for the first measurement of the 3D differential cross section d2σ(Eν)/d cos(θµ)dPµ for inclusive
muon-neutrino charged-current scattering on argon in MicroBooNE using a nominal-flux-prediction
unfolding and data-driven model validation.

Poster Session / 33

GiBUU-BasedMonte Carlo Simulation for Neutrino Experiments

Author: Leonidas Aliaga Soplin1

1 University of Texas at Arlington

Corresponding Author: leoaliaga@gmail.com

This poster presents a Monte Carlo simulation implemented with the GiBUU model tailored for neu-
trino experiments. Specifically, we focus on its implementation, generating events in a generic liquid
argon time projection chamber and comparing them with other neutrino event generators such as
GENIE. The simulation generates realistic neutrino event samples, contributing to the prediction
and interpretation of experimental outcomes. Our results demonstrate the robust performance of
the GiBUU-based simulation framework and validate its performance against the original GiBUU
cross-section model. Additionally, we outline our current efforts in developing infrastructure to
address systematic uncertainties in the GiBUU model. By advancing simulation techniques, imple-
menting neutrino-nucleus scattering models following different physics approaches, and building
techniques to address systematical uncertainties, this work contributes to the refinement and relia-
bility of neutrino experimental analyses.

Poster Session / 34

The development of the R-LDH Innovative media for O2 Captur-
ing in Liquid Argon
Authors: Ana Amélia Machado1; Ana Maria Caffer2; André Augusto3; Cezar Rodrigo Aguiar dos Santos1; Cris
Adriano1; Cristhiane Reis4; Daniel Souza Correia5; David Montanari6; Dilson Cardoso7; Dirceu Noriler8; Elisabete
Assaf7; Ettore Segreto1; Frederico Demolin1; G. S. Freitas1; Gustavo Wiederhecker1; H. B. Pizzi1; Heriques Frandini1;
Italo O. Mazali9; Ivana Cruz7; José Mansur Assaf7; Krystal Brant5; Magda Fontes5; Mark Adamowski6; N. F. Oliveira
Jr.10; P. G. Pagliuso1; Pedro Bianchi8; Renato Soccol8; Rosembergue G. Gonçalves7; Roza Doubnik6; Thiago P. M.
Alegre1

1 Instituto de Física “Gleb Wataghin”, UNICAMP
2 UNICAMP
3 Equatorial sistemas S.A., Grupo Akaer
4 University of São João del Rei
5 Brazilian Center for Research in Physics
6 Fermi National Accelerator Laboratory
7 Advanced Materials and Energy Research Center, Federal University of São Carlos
8 School of Chemical Engineering, UNICAMP
9 Instituto de Química - UNICAMP
10 Instituto de Física, Universidade de São Paulo
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Corresponding Author: anamariacaffer@gmail.com

In this work, we have explored the potential of oxygen capturing in Liquid Argon (LAr) of the in-
novative CuO dispersive layered double hydroxide media (R-LDH). Low temperature experiments
in the LAr Purification Cryostat (PuLArC) at IFGW/Unicamp were performed using LAr circulation
through two filters, one containing the R-LDH material and the other the BASF commercial copper
material (Cu-02265 - proposed as a reference O_2 getter media by Fermilab) for comparison. In-
terestingly, the experiments performed in PuLArC revealed that the R-LDH innovative media was
capable of capturing O_2 from recirculating LAr in PuLArC, reducing the O_2 contaminants con-
centration to 80% of its initial values after 200 min of LAr circulation. As for the reference media
BASF Cu-S0226, this media reduced the O_2 concentration to 40% of its initial value in the same time
window. This result demonstrated a putative higher potential of the innovative R-LDH media for
O_2 capturing in LAr and invoke further tests of this media in the PuLArC and in larger scale LAr
cryostats, possibily at Fermilab and CERN.

Poster Session / 35

Evaluation of the Leggett-Garg inequality by means of the neu-
trino oscillations observed in reactor and accelerator experiments

Authors: Ricardo Zamora1; Mario A. Acero2

1 Universidad del atlántico
2 Universidad del Atlántico

Corresponding Author: rjzamora@mail.uniatlantico.edu.co

The study of neutrino oscillation and its quantumness was studied by means of the Leggett-Garg
inequality, which is based on the concept of macrorealism. This research considered the results
from the Daya Bay and RENO reactor experiments, as well as the MINOS and NOvA accelerator
experiments. It was found that Daya Bay and MINOS exhibit a strong violation of the Leggett-Garg
inequality, while the indications from RENO and NOvA data are weaker.

The phenomenon of neutrino oscillation is significant in this context as it allows for the study of
quantum phenomena, such as the survival probability of a neutrino flavor, at macroscopic distances.
These studies are made possible by the aforementioned experiments.

The results demonstrate that the violation of the Leggett-Garg inequality is more pronounced for
a smaller baseline-to-energy ratio in all the data sets considered. This is an important factor to
consider when searching for evidence of quantum mechanical decoherence in neutrino oscillations.
The findings imply that there is a characteristic value for each neutrino flavor beyond which the
inequality is not satisfied.

Poster Session / 36

Development and application of the nuclear deexcitation simula-
tor NucDeEx for precise prediction of neutrino-nuclear interac-
tions
Author: Seisho Abe1

1 Kamioka Observatory, ICRR, the University of Tokyo

Corresponding Author: seisho@icrr.u-tokyo.ac.jp
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In recent years, neutron multiplicity associated with neutrino-nucleus interactions has become im-
portant observable in large neutrino detectors such as Super-Kamiokande, KamLAND, and JUNO.
The neutron multiplicity can be measured by detecting gamma rays emitted by neutron capture by
taking delayed coincidence. It is expected to improve the results of various physics analyses by
using the measured neutron multiplicity to enhance flavor identification or signal-to-background
ratio. However, predicting neutron multiplicity is a challenging topic because neutrino-nucleus in-
teractions involve highly uncertain nuclear effects.
Among the various processes involved in neutrino-nucleus interactions, nuclear deexcitation plays
an important role in neutron multiplicity. This process emits various particles while transitioning
to the ground state when the residual nucleus has exciting energy after the nucleon is knocked out.
One issue is that most widely used neutrino interaction generators omit this process or describe it
with a simplified model. Another issue is that the energy of deexcited particles is as low as a few
MeV and, therefore, unobservable, i.e., un-constrainable, by most accelerator neutrino detectors due
to higher detection thresholds. This feature of deexcitation requires us to rely on precise nuclear
theory and experiments to verify it.
In this study, I developed a nuclear deexcitation simulator, NucDeEx, based on the nuclear calcula-
tion software TALYS. Since TALYS contains sophisticated nuclear models and parameters, NucDeEx
can precisely simulate the nuclear deexcitation process. In addition, NucDeEx can be easily inte-
grated with the neutrino interaction generators and other hadron simulators, such as Geant4 and
the hadron cascade model INCL. The source code of NucDeEx and the interfaces and build scripts
necessary for use with the above software are available on the web. Thus, a wide range of applica-
tions are expected. In this talk, I will present an overview of NucDeEx, its performance evaluation
with nuclear experiments, the impact of integrating NucDeEx into neutrino interaction generators,
and its application and prospects for other hadron simulators.
Paper: Phys. Rev. D 109, 036009
NucDeEx GitHub: https://github.com/SeishoAbe/NucDeEx

37

Bounds onLorentzViolationParameters: present and future
Author: Gabrieli Salmória1

Co-authors: Luciana Hirsch 1; André Steklain 1; Isadora Martins 1; Pedro Bertazo 1

1 UTFPR

Corresponding Author: gabrielisalmoria@alunos.utfpr.edu.br

String theory and loop quantum gravity suggest that Lorentz Invariance Violation may occur at
the Planck scale. Nevertheless, this violation could be observable at a lower energy scale accessible
to current experiments under the Standard Model Extension (SME) framework. This study aims to
investigate and catalog current bounds for the Lorentz Invariance Violation (LIV) parameters using
data from experiments. We also will study new bounds that new experiments will impose on these
parameters. The methodology of this work is quantitative, using bibliographic research and data
collection from academic materials and articles. This work is expected to result in a repository of
parameter values for neutrino physics, facilitating data access and interpretation.

Poster Session / 38

Nitrogen removal from liquid Argon using Li-FAU, an innovative
Brazilian method
Authors: Alan HahnNone; Daniel Souza CorreiaNone; Ana Amelia MachadoNone; David MontanariNone; Dilson CardosoNone;
Dirceu NorilerNone; Ettore SegretoNone; Flor de Maria BlaszczykNone; Helio da MottaNone; Jose Mansur AssafNone;
Mark AdamowskiNone; Pascoal Jose Giglio PagliusoNone; Pedro Bianchi NetoNone; Renato Soccol JuniorNone; Roza
DoubnikNone; Sergey KoshelevNone; Thiago P. M. AlegreNone

Corresponding Author: danielsouzacorreia@hotmail.com
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Liquid argon (LAr) is at the core of Time Projection Chamber (TPC) used in neutrino experiments.
Nitrogen, oxygen, and water are the main contaminants in LAr that compromise the quality of
physics a LArTPC can deliver. It is crucial to keep them as low as possible. In particular nitrogen
is known to absorb the LAr scintillation light, one of the 2 key observables in LArTPCs. This poster
outlines an experiment performed in the ICEBERG test stand at the Noble Liquid Test Facility (NLTF,
Fermilab) to capture nitrogen from LAr using Li-FAU, an innovative method developed and previ-
ously tested in the Liquid Argon Purification Cryostat (PuLArC) at IFGW/Unicamp. Confirming the
results obtained in PuLArC, this test shows that Li-FAU filtered the nitrogen injected multiple times
into 2,625 L of LAr down to <1 ppm concentration over cycles of 96 h.

Poster Session / 39

Status of the Measurement of the Elastic and Quasi-elastic Scat-
tering of Protons on Carbon Nuclei in EMPHATIC
Author: Robert Chirco1

1 EMPHATIC Collaboration

Corresponding Author: rchirco@hawk.iit.edu

In long-baseline neutrino oscillation experiments, Monte Carlo (MC) simulations based on hadron
interactions and decays are used to predict the neutrino flux. The 10%-level systematic uncertainty
of the predicted neutrino fluxes from these simulations is dominated by uncertainties in hadron
interaction cross sections due to limited hadron scattering data. EMPHATIC aims to reduce the
neutrino flux uncertainty by providing additional data. Using a table-top-sized spectrometer located
at the Fermilab Test Beam Facility (FTBF), its physics program includes precise measurements of
hadron scattering and production cross sections at various beam momenta and target species that
are relevant for GeV-scale neutrino production. Using simulation, we have developed a simple single-
track reconstruction algorithm that has a momentum resolution of 3-4%. We will demonstrate the
progress in developing one of EMPHATIC’s first track reconstruction algorithms – an important
step in making a new single-track forward scattering measurement (p + C → p + C at several beam
momenta) using Phase 1 data collected between 2022 and 2023.

Poster Session / 40

Probing light vector mediators with coherent scattering at future
facilities
Author: Lucas Ramos1

Co-authors: Enrico Bertuzzo 2; Giovanni di Cortona

1 IF-USP
2 University of São Paulo

Corresponding Author: lucas.magno.ramos@usp.br

Future experiments dedicated to the detection of Coherent Elastic Neutrino-Nucleus Scattering may
be powerful tools in probing light new physics. In this paper we study the sensitivity on light
Z′ mediators of two proposed experiments: a directional low pressure Time Projection Chamber
detector, νBDX-DRIFT, that will utilize neutrinos produced at the Long Baseline Neutrino Facility,
and several possible experiments to be installed at the European Spallation Source. We compare
the results obtained with existing limits from fixed-target, accelerator, solar neutrino and reactor
experiments. Furthermore, we show that these experiments have the potential to test unexplored
regions that, in some case, could explain the anomalous magnetic moment of the muon or peculiar
spectral features in the cosmic neutrino spectrum observed by IceCube.
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41

Ant colony in Sensitivity Studies
Author: Felipe WielerNone

Co-authors: André Steklain ; Cássio Amador ; Isadora Martins ; Luiz Accorsi

CorrespondingAuthors: luizpauloavale@gmail.com, felipew@alunos.utfpr.edu.br, steklain@utfpr.edu.br

This work proposes an adaptation of the parameter verification method for CPT violation and CPT
conservation in LIV parameters, as implemented in previous works by other authors using the
GLoBES software. The adaptation will be based on the ant colony methodology (ACM) developed
in the author’s previous works.
The main objective is to reproduce the graphs and values obtained by other authors using the afore-
mentioned ant colony methodology.
The ACM implementation will be calibrated, executed across various scenarios, and its results ana-
lyzed and compared to existing literature. The goal is to validate ACM as a tool for LIV parameter
verification and efficient limit simulation.

Poster Session / 42

Nuclear effects in single pion production: hadron final state in-
teractions
Author: Javier García-Marcos1

Co-authors: Tania Franco Muñoz 2; Matthias Hooft 3; Kajetan Niewczas 3; Alexis Nikolakopoulos 4; Raul González
Jiménez 2; Natalie Jachowicz 3; Jose Manuel Udias Moinelo 2

1 Universidad Complutense de Madrid and Ghent University
2 Universidad Complutense de Madrid
3 Ghent University
4 FNAL

Corresponding Author: javier31@ucm.es

Single pion production (SPP) is an important interaction mechanism in accelerator-based neutrino
experiments, contributing significantly to total cross-sections and impacting precision measure-
ments. Its study is essential for understanding neutrino oscillations, distinguishing signal from back-
ground, and refining theoretical models, which will help to reduce systematic errors in the neutrino
energy reconstruction 1.

Therefore, a realistic SPP model that covers the whole energy range in neutrino experiments and
accounts for final state interactions (FSI) is crucial. The current operator within the Hybrid model
consists of several Feynmann diagrams including four nucleon resonances (P33, D33, P11 and S11)
and background terms from Chiral Perturbation Theory (ChPT) and an extension to the high energy
region performed via Regge phenomenology [2]. This model is embedded in a sophisticated nuclear
framework: the bound state is described as a Dirac solution within relativistic mean field (RMF)
potentials. The final nucleon is in the relativistic distorted wave impulse approximation (RDWIA), a
Dirac continuum state computed with energy dependent RMF potentials (EDRMF), so orthogonality
between nucleon initial and final states is naturally implemented [3,4].
In recent work [5], we addressed the effect that the asymptotic approximation in the current operator
has on inclusive and semi-inclusive cross sections. This is a step forward into a more complete and
consistent treatment of SPP on the nucleus.

In a next step we implement FSI for the final pion, i.e., we describe the pion wave function with a
RDWIA formalism. The pion continuum states are hence computed as solutions of the Klein-Gordon
equation with a suitable nucleus-pion potential. The treatment of the final hadron wave functions,
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with distortion effects from the residual nucleus, is the only way of taking into account elastic FSI
within a consistent, fully relativistic and quantum-mechanical framework.

In this contribution we will present our latest results from Ref. [5] and new updates towards the
inclusion of the pion distortion within our model.

1 L. Alvarez-Ruso et al., Prog. Part. Nuc. Phys. 100 (2018)
[2] R. González-Jiménez et al., Phys. Rev. D 95, 113007 (2017)
[3] R. González-Jiménez et al., Phys. Rev. C 100, 045501 (2019)
[4] A. Nikolakopoulos et al., Phys. Rev. D 107, 053007 (2023)
[5] J. García-Marcos et al., Phys. Rev. C 109, 024608 (2024)

Poster Session / 43

Refining Neutrino Final State Interactions in carbon and lead: In-
sights from extrapolating between extremes
Author: Oscar Moreno PalaciosNone

Corresponding Author: oemorenopalaci@email.wm.edu

Neutrino interactions with nucleons can lead to Final State Interactions (FSI), where the resulting
hadrons scatter within the nucleus. However, current FSI models are often extrapolated to heavier
nuclei, leading to possible discrepancies with experimental data. The MINERvA experiment employs
five sets of nuclear targets, and it features an electromagnetic calorimeter (ECAL) situated at the back
side of the detector, consisting of alternating layers of 2mm-thick lead and plastic scintillator. The
substantial amount of lead interleaved within the ECAL, approximately 4 tons (fiducial) in total, of-
fers the opportunity to isolate a high-statistics sample of neutrino-lead interactions. By analyzing
the data collected by MINERvA’s ECAL, we aim to improve our understanding of neutrino interac-
tions with heavy nuclei and refine FSI modeling techniques. This poster provides insight into FSI
model expectations scaling between hydrocarbon and lead, focusing on adapting simulation weights
to mimic GENIE 3’s A-dependent pion fate, with the MINERvA experiment’s simulation baseline
simulation based on GENIE 2.12.6. This ensures consistency with updated physics frameworks and
enabling more accurate comparisons with experimental data.

Poster Session / 44

StudyingNeutrino-Nucleus Interactions at SBNDwithMuonNeu-
trino CC Events
Author: Brinden Carlson1

1 University of Florida

Corresponding Author: bcarlson1@ufl.edu

The Short-Baseline Near Detector (SBND) is a 100-ton scale Liquid Argon Time Projection Cham-
ber (LArTPC) neutrino detector positioned in the Booster Neutrino Beam (BNB) at Fermilab, as
part of the Short-Baseline Neutrino (SBN) program. Located only 110 m from the neutrino produc-
tion target, SBND is expected to record millions of neutrino interaction events every year allowing
neutrino-argon cross-section measurements with unprecedented precision. This poster will present
progress towards the first measurement of the muon-neutrino charged-current inclusive cross sec-
tion in SBND.

Poster Session / 45

Page 14

https://github.com/SeishoAbe/NucDeEx


NuInt 2024 - 14th International Workshop on Neutrino-Nucleus Interac … / Book of Abstracts

New developments in the Ghent Model for Single Pion Produc-
tion
Author: Matthias Hooft1

Co-authors: Javier García-Marcos 2; Alexis Nikolakopoulos 3; Natalie Jachowicz 1; Kajetan Niewczas 1

1 Ghent University
2 Universidad Complutense de Madrid and Ghent University
3 FNAL

Corresponding Author: matthias.hooft@ugent.be

Single-pion production constitutes an important contribution to neutrino-nucleus cross sections in
the region regime covered by current and future accelerator-based neutrino-oscillation experiments.
To analyse and interpret the data of these experiments, it is absolutely necessary to have good models
for these cross sections available.

The Ghent model 1 for single-pion production consists of a low-energy part described by the three-
level vertices of resonances on top of a background described by a Lagrangian from chiral perturba-
tion theory (ChPT). This model can be extended to higher energies using Regge theory.

In order to improve the performance of the model, we reformulated our description in terms of
helicity amplitudes and a multipole expansion. The advantage of this procedure, is that cross section
contributions are separated in parts with fixed quantum numbers, providing more flexibility for
further refinement of the model. Using this scheme makes it possible to effectively unitarize the
whole background, taking into account the pion-nucleon scattering phases provided by pion-nucleon
scattering data. Further, we modified the delta decay width and formfactors to incorporate Watson’s
theorem [2] and included meson exchange diagrams in the background, to obtain a better agreement
with other models and data.

In this contribution we will present the results of these efforts in the vector sector. Work on im-
plementing these developments in the axial part of neutrino-induced single pion production is in
progress. In a next step, we will incorporate the updated description of the pion production off the
nucleon in our nuclear model [3] to study the impact of these modifications on the total neutrino
cross section and the comparison with data.

1 R. González-Jiménez, N. Jachowicz, K. Niewczas, J. Nys, V. Pandey, T. Van Cuyck, and N. Van Dessel
Phys. Rev. D 95, 113007 (2017)

[2] L. Alvarez-Ruso, E. Hernández, J. Nieves, and M.J. Vicente Vacas Physical Review D93, 014016
(2016)

[3] A. Nikolakopoulos, R. Gonz\’alez-Jim\’enez, N. Jachowicz, and J.M. Udías Phys. Rev. D 107,
053007 (2023)

Poster Session / 46

Neutrons fromCCQE-likeAntineutrino Interactions inMINERvA’s
Various Nuclear Targets
Author: David LastNone

Corresponding Author: dlast@fnal.gov

The MINERvA collaboration has demonstrated both an ability to detect neutrons from GeV-scale
antineutrino interactions, and entangled deficiencies in the modeling of their production and de-
tection. These deficiencies present problems for oscillation experiments as misunderstanding the
neutron content in the final state will bias energy estimators which assume a particular final state
(e.g. CCQE-like) or rely on calorimetric information. This poster describes a cross section analysis
to further the study of GeV-scale neutron production. The analysis studies the neutron production in
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CCQE-like interactions across MINERvA’s range of nuclear targets: carbon, iron, water, and lead. It
will provide insight into the effect of the nuclear environment on neutron production and subsequent
detection in antineutrino CCQE-like interactions, across a broad range of nuclei.

47

Influence of complex phases from off-diagonal parameters that
violate Lorentz invariance in DUNE
Authors: Andre Steklain1; Aretha Camila Mercuri1; Isabel Ribas1; João Victor Oliveira de Lima2; Luciana Hirsch1;
Nathan Bergmann3

1 UTFPR
2 Universidade Tecnológica Federal do Paraná
3 Universidade Tecnol]ogica Federal do Paraná

Corresponding Author: aretha.camila@gmail.com

The existence of oscillating massive neutrinos poses a challenge to the standard model of particle
physics (SM). Even standard oscillation theory cannot replicate the experimental results, such as
the anomalies in the LSND and MiniBooNE data, pushing physicists to look for new alternatives,
such as exploring physics Beyond the Standard Model (BSM). Utilizing a model involving Lorentz
Invariance Violation (LIV) represents a possibility for understanding these phenomena. The fact
that neutrinos are sensitive to measuring LIV is very relevant. To assess the numerical implica-
tions of a novel Hamiltonian introducing Lorentz-breaking parameters within the framework of the
DUNE experiment, we employ the General Long Baseline Experiment Simulator (GLoBES) software.
By modifying probability generators, we simulate the event count in the detector, focusing mainly
on investigating the parameter phases from off-diagonal terms that conserve CPT symmetry while
breaking Lorentz invariance.

Poster Session / 48

Professor Based ReWeight for GENIE Generator
Authors: Qiyu YanNone; Costas Andreopoulos1; Xianguo Lu2; Marco Roda1; Julia Tena Vidal1

1 University of Liverpool
2 University of Oxford

Corresponding Author: yanqiyu17@mails.ucas.ac.cn

Interaction generators for neutrinos are essential tools to predict the final states of neutrino inter-
actions from atmospheric and accelerator sources. Those final states would be important input to
quantify the relation between the visible energy in our detector and the neutrino energy, whose
distribution is affected by oscillation. This understanding is crucial for experiments such as JUNO,
DUNE, and Hyper-Kamiokande. GENIE is one of the neutrino generators that specialise in the GeV
region. Much work is being done to tune GENIE models’ parameters to obtain for the best description
of experimental datasets. In addition, the parameters extracted from the tuning have very well moti-
vated statistical uncertainties that will make the analyses more robust as based on better motivated
inputs. Once the initial inputs are defined, it will be crucial to understand the how the uncertainties
would affect the predictions. Reweighting is a powerful approach to propagate those model uncer-
tainties through GENIE. There are many restrictions in the current reweight approaches, the main
being that only a subset of parameters can be reweightable. This work aims to utilize the Profes-
sor tool to model GENIE as respondence functions. This approach unifies the workflow of tunning
and reweight, allowing us to propage the uncertainty obtained from the tuning using a reweight
infrastructure. This will enable us to do reweight all parameters, including previously unweightable
parameters, e.g. hadronization parameters.
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Poster Session / 49

Hybridmodel for single-pionproduction incorporated in theNuWro
event generator nuclear framework
Authors: Qiyu YanNone; Kajetan Niewczas1; Alexis Nikolakopoulos2; Raul González Jiménez3; Natalie Jachowicz1;
Xianguo Lu4; Jan SobczykNone

1 Ghent University
2 FNAL
3 Universidad Complutense de Madrid
4 University of Warwick

Corresponding Author: yanqiyu17@mails.ucas.ac.cn

Precise modeling of GeV neutrino interactions with nuclei underpins our understanding of data
from atmospheric and accelerator neutrino experiments. Single pion production, a critical chan-
nel in these interactions, demands accurate representation as required by future experiments like
DUNE and Hyper-K. The current NuWro single pion production model, while valuable, relies on a
single Delta resonance and a non-resonant background obtained from Pythia. While Pythia excels in
describing interactions with very high W values, its effectiveness diminishes at both lower and inter-
mediate W values, leading to limitations in capturing single pion production accurately. To address
these limitations, we propose a new single pion production model in NuWro. This model incorpo-
rates additional resonances and utilizes the Chiral Perturbation Theory (ChPT) method for a more
comprehensive description of the non-resonant background, specifically focusing on the lower and
intermediate W region. This refined approach demonstrably improves agreement with MINERvA
transverse kinematic imbalance data compared to the previous model, paving the way for a more
nuanced understanding of neutrino interactions.

Impact of scattering uncertainties on measurements / 50

Impact of neutrino cross section uncertainties on NOvA physics
measurements
Corresponding Authors: michael.dolce@tufts.edu, mdolce@fnal.gov

Impact of scattering uncertainties on measurements / 51

Impact of neutrino cross section uncertainties on MicroBooNE
and SBN measurements
Corresponding Author: lcoopert@fnal.gov

Neutrino interaction generators / 52

GENIE
Corresponding Author: marco.roda@liverpool.ac.uk
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Neutrino interaction generators / 53

NuWro

Corresponding Author: jan.sobczyk@uwr.edu.pl

Neutrino interaction generators / 54

ACHILLES

Corresponding Author: isaacson@fnal.gov

Neutrino interaction generators / 55

INCL+ABLA

Neutrino interaction generators / 56

NEUT

Corresponding Author: p.stowell@sheffield.ac.uk

Neutrino interaction generators / 57

GiBUU

Corresponding Authors: mosel@theo.physik.uni-giessen.de, mosel@physik.uni-giessen.de

Neutrino interaction generators / 58

Characterization of Neutral-current background induced by at-
mospheric neutrinos usingneutrino event generators and theTALYS
deexcitation package

Corresponding Authors: chengjie@ncepu.edu.cn, chengjie@ihep.ac.cn

Neutrino interaction generators / 59

High-energy neutrino-matter interaction cross-sections in neu-
trino event generators

Page 18



NuInt 2024 - 14th International Workshop on Neutrino-Nucleus Interac … / Book of Abstracts

Corresponding Author: alfonsogarciasoto@fas.harvard.edu

Neutrino Fluxes / 60

Flux Overview

Corresponding Author: yonehara@fnal.gov

Neutrino Fluxes / 61

Fermilab Beams

Corresponding Author: zarko@fnal.gov

Neutrino Fluxes / 62

J-PARCneutrino beam performance, monitoring and flux predic-
tion, constraints and uncertainties

Corresponding Author: lucas.machado@na.infn.it

Neutrino Fluxes / 63

Spallation Fluxes

Corresponding Author: yefremen@utk.edu

Neutrino Fluxes / 64

NA61

Corresponding Authors: aolivier@fnal.gov, aolivie4@nd.edu

Neutrino Fluxes / 65

EMPHATIC

Corresponding Author: leoaliaga@gmail.com

Neutrino Fluxes / 66
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ENUBET

Corresponding Authors: andrea.longhin@unipd.it, andrea.longhin@lnf.infn.it

Neutrino Fluxes / 67

nu-e Scattering

Corresponding Author: lzazueta@fnal.gov

0pi / QE / 2p2h / 68

ICARUS

0pi / QE / 2p2h / 69

MicroBooNE - 1

Corresponding Author: afurmans@fnal.gov

0pi / QE / 2p2h / 70

MicroBooNE - 2

Corresponding Author: gardiner@fnal.gov

0pi / QE / 2p2h / 71

SBND

Corresponding Author: munjung@uchicago.edu

0pi / QE / 2p2h / 72

LIT+coupled cluster, SF from coupled cluster

Corresponding Author: jsobczyk@uni-mainz.de

0pi / QE / 2p2h / 73
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short range correlations, generalized contact formalism

0pi / QE / 2p2h / 74

Two body currents in Hartree-Fock Mean Field framework

Corresponding Author: kajetan.niewczas@ugent.be

0pi / QE / 2p2h / 75

DWIA comparisons to recent measurements

Corresponding Authors: alexis.nikolakopoulos@ugent.be, anikolak@fnal.gov

76

Telegrapher equation for photon diffusion in LArTPCs with pho-
ton removal at the boundaries
Authors: Andre Steklain1; Marcio Adames2

1 Universidade Tecnologica Federal do Parana
2 UTFPR

Corresponding Author: marcioadames@utfpr.edu.br

LArTPCs are important detectors in several experiments and light propagation predictions inside
the LArTPC play an important role in their capabilities. This work explores an analytical approach
to predict light propagation. We present an analytical solution to a relativistic photon diffusion
equation in terms of the physical parameters relevant to the DUNE detectors’ physics and account
for photon absorption at the boundaries through physical considerations, instead of solving it as
a boundary value problem. We then compare our results to Geant4 simulations and find similar
outcomes.

0pi / QE / 2p2h / 77

MicroBooNE - 1

Corresponding Author: afurmans@fnal.gov

0pi / QE / 2p2h / 78

MicroBooNE - 2

Corresponding Author: gardiner@fnal.gov
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0pi / QE / 2p2h / 79

ICARUS status and plans for measurements related to nu-Ar in-
teractions with no mesons in the final state and/or QE- and 2p2h-
like interactions

Corresponding Author: betan009@fnal.gov

0pi / QE / 2p2h / 80

SBND

Corresponding Author: munjung@uchicago.edu

0pi / QE / 2p2h / 81

Meson exchange currents in relativistic mean field

Corresponding Authors: tania.franco86@gmail.com, taniafra@ucm.es

0pi / QE / 2p2h / 82

Short time approximation

Corresponding Author: landreoli@wustl.edu

0pi / QE / 2p2h / 83

DWIA comparison to recent experimental data

Corresponding Author: anikolak@fnal.gov

0pi / QE / 2p2h / 84

Extended superscalingwith two-particle emission in electron and
neutrino scattering

Corresponding Author: palomacasale@ugr.es

Poster Session / 85
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Improvingneutrino reconstruction in LArTPCs by including charge
and light signal
Author: Laura Paulucci1

Co-authors: Flavio Cavanna 2; Franciole Marinho ; Luis Gustavo Porto Paixao 3

1 UFABC
2 Fermilab
3 UNICAMP

Corresponding Author: lpaulucc@fnal.gov

The use of liquid argon time projection chambers for neutrino experiments provides good tracking
resolution and PID capabilities. Analysis are typically based on the ionization electron (charge)
collection but argon is also a prolific scintillator. We discuss how to better model the combined
charge and scintillation light emission in argon and how the use of both signals together can improve
neutrino energy resolution and impact the sensibility to parameters such as neutrino delta-CP phase
and mass hierarchy.

Poster Session / 86

Electrons for Neutrinos
Author: Julia Tena Vidal1

1 Tel Aviv University

Corresponding Author: jtenavidal@tauex.tau.ac.il

Future long-baseline neutrino oscillation experiments, such as the Deep Underground Neutrino Ex-
periment (DUNE), aim to measure neutrino oscillation parameters with unprecedented precision.
Such sensitivity demands precise characterization of the incoming neutrino energy, which can only
be determined via comprehensive cross-section models. In particular DUNE, which flux peaks
at 2.5~GeV, will be dominated by pion-production events. Far from ideal, current neutrino pion-
production Monte Carlo simulations strongly rely on empirical models which fail to describe neu-
trino pion-production data at the few-GeV energy range on deuterium and heavier targets. The
Electrons for Neutrinos collaboration (e4nu) proposes a novel alternative to leverage neutrino sim-
ulations by exploiting the similarities between electrons and neutrino interactions with matter. The
e4nu collaboration is working towards a single-differential semi-inclusive pion production measure-
ment with electron-scattering CLAS6 data at 1, 2, 4~GeV on Carbon. The results offer a new insight
to exclusive pion-production properties and pion final-state-interactions in the nuclear environment
and can be used to validate theory models and neutrino event-generators.

Poster Session / 87

The Hyper-K Intermediate Water Cherenkov Detector and the
Water Cherenkov Test Experiment
Author: Mauricio Barbi1

1 University of Regina

Corresponding Author: barbi@uregina.ca

The Intermediate Water Cherenkov Detector (IWCD) is a planned component of the Hyper-K long
baseline neutrino experiment with vertical mobility capable of scanning a region of the JPARC
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accelerator-made neutrino beam spectrum. It will contribute to control systematic uncertainties
arising from neutrino interaction cross sections and extrapolation of the beam flux between the
Hyper-K near and far detectors. A key aspect of IWCD is its high granularity and fast time response
thanks to an advanced photo-detection system based on multi-photomultiplier (mPMT) devices de-
veloped to deliver excellent Cherenkov ring reconstruction. The Water Cherenkov Test Experiment
(WCTE) at CERN is designed to test this system, along with the capabilities of the calibration and
reconstruction techniques planned for IWCD. It will use a beam produced at the CERN accelera-
tor to also measure lepton interactions relevant to constraint uncertainties from physics models at
a range of energies covering an important region of the IWCD phase space.This poster presents a
short summary of both IWCD and WCTE, including their designs, plans and goals.

Poster Session / 88

Measuringmuonantineutrino charged-current interactionswith-
out mesons in the final state, in the NOvA Near Detector
Author: Kevin Vockerodt1

1 Queen Mary University of London

Corresponding Author: k.j.vockerodt@qmul.ac.uk

NOvA is a long-baseline neutrino experiment based at Fermilab in the US, with the primary aim
of measuring neutrino and antineutrino oscillations. This will enhance our understanding of elec-
troweak interactions by measuring the neutrino mixing angles, CP-violating phase and neutrino
mass ordering. To measure these oscillations, we first need to have a deep understanding of how
neutrinos and antineutrinos interact with matter. Antineutrino interaction cross sections are, at
present, particularly poorly constrained, and processes such as meson exchange currents are not
well understood in the antineutrino sector.

This analysis will develop a cross-section measurement of muon antineutrino interactions without
mesons (e.g. pions or kaons) in the final state, in the NOvA near detector. A high-statistics, high-
purity sample is obtained through a cut-based selection process implementing machine learning tech-
niques. The sample is dominated by quasi-elastic and meson exchange current interactions which
are sensitive to nuclear effects such as final-state interactions. The cross section will be extracted as
a function of the incoming neutrino energy and the kinematics of the outgoing particles.

Poster Session / 89

CEvNS and BSM physics with the CONNIE experiment.
Author: Pedro Ventura1

Co-authors: Carla Bonifazi ; Irina Nasteva 2

1 IF-USP
2 IF-UFRJ

Corresponding Author: pedrozventura@gmail.com

The CONNIE experiment is dedicated to detecting Coherent Elastic Neutrino-Nucleus Scattering
(CEvNS) of reactor antineutrinos using high-resistivity silicon CCDs at the Angra-2 reactor, and un-
derwent significant advancements in 2021. Introducing two Skipper-CCD sensors with sub-electron
readout noise, CONNIE became the pioneering project to employ Skipper-CCDs for reactor neutrino
detection and achieved a record detection threshold of 15 eV. This work presents an overview of the
sensors performance and the latest findings derived from 300 days of data collected during 2021-2022,
totaling an exposure of 18.4 g-days. A comparison of event rates during reactor-on and off periods
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reveals no excess, resulting in upper limits on the neutrino interaction rates at 95% confidence level,
consistent with earlier findings. Additionally, searches for Physics Beyond the Standard Model yield
constraints on simplified models with light vector mediators. New studies include a dark matter
search employing diurnal modulation techniques and a quest for relativistic millicharged particles
produced in the reactor. The promising outcomes achieved with a minimal sensor mass underscore
the potential of Skipper-CCDs in probing rare neutrino interactions, motivating the future plans to
expand the detector mass with a Multi-Chip-Module of Skipper-CCDs.

Pion Production/SIS/DIS / 90

Eta production from nucleons and nuclei

Pion Production/SIS/DIS / 91

Nuclear medium effects in \nu_\tau-A scattering at DUNE ener-
gies

Pion Production/SIS/DIS / 92

Neutrino-induced single pion production and the reanalyzed bub-
ble chamber data

Corresponding Author: mariano@fisica.unlp.edu.ar

Pion Production/SIS/DIS / 93

Photo-, Electro- and Weak Single Pion Production Model

Corresponding Author: minoo.kabirnezhad@physics.ox.ac.uk

Pion Production/SIS/DIS / 94

Pion Production at MINERvA

Corresponding Authors: deborahh@yorku.ca, sultana@fnal.gov, mehreen@uga.edu

Pion Production/SIS/DIS / 95

nu_e and nubar_e low recoil in MINERvA

Corresponding Author: kevin@rochester.edu
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Pion Production/SIS/DIS / 96

SIS Interactions in MINERvA
Corresponding Author: al3667@drexel.edu

Pion Production/SIS/DIS / 97

Pion Production in NOvA
Corresponding Author: wetstein@iastate.edu

Charged Particle/Testbeam Measurements / 98

e4nu
Corresponding Authors: jtenavidal@tauex.tau.ac.il, jtenavid@fnal.gov

Charged Particle/Testbeam Measurements / 99

Determination of the spectral functions of argon at JLab
Corresponding Authors: benhar@vt.edu, omar.benhar@roma1.infn.it

Charged Particle/Testbeam Measurements / 100

Electron Scattering in Generators
Corresponding Author: gardiner@fnal.gov

Charged Particle/Testbeam Measurements / 101

Empirical fits to inclusive electron-carbon scattering data obtained
by deep-learning methods
Corresponding Author: krzysztof.graczyk@uwr.edu.pl

Charged Particle/Testbeam Measurements / 102

Charged particles interaction measurements in ProtoDUNE
Corresponding Authors: franciole@gmail.com, fmarinho@fnal.gov
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Charged Particle/Testbeam Measurements / 103

ANNIE
Corresponding Author: mastbaum@physics.rutgers.edu

Low-energy Scattering / 104

Low-energy: TheoryOverview in Inelastic andCEvNSCross-sections
and Impact of BSM Effects

Low-energy Scattering / 105

Low-energy Inelastic Cross-sections: Experiment Review and Fu-
ture Prospects

Low-energy Scattering / 106

Neutrino-nucleus coherent scattering: status and prospects
Corresponding Author: enectali@northwestern.edu

Uncertainties and Prospects for Future Improvements / 107

Lattice QCD
Corresponding Author: asmeyer.physics@gmail.com

Uncertainties and Prospects for Future Improvements / 108

NUISANCE and global fits
Author: Clarence Wret1

Co-authors: Callum Wilkinson 2; Patrick Stowell 3

1 Oxford
2 Lawrence Berkeley National Laboratory
3 University of Sheffield

CorrespondingAuthors: p.stowell@sheffield.ac.uk, cwilkinson@lbl.gov, clarence.wret@physics.ox.ac.uk
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Uncertainties and Prospects for Future Improvements / 109

MINERvA form-factor measurement

Corresponding Authors: aolivier@fnal.gov, aolivie4@nd.edu

Uncertainties and Prospects for Future Improvements / 110

T2K Near Detector Upgrade

Corresponding Author: ulysse.virginet@lpnhe.in2p3.fr

Pion Production/SIS/DIS / 111

Resonance and QE contributions to inclusive nucleon structure
functions

Corresponding Author: christy@jlab.org

Pion Production/SIS/DIS / 112

The Physics of SIS – TMC and HT

Corresponding Author: morfin@fnal.gov

Pion Production/SIS/DIS / 113

Superscaling in the inelastic region: The SuSAv2-inelastic model

Corresponding Author: jgrosa@us.es

Pion Production/SIS/DIS / 114

Neutrino Cross Sections for collider neutrinos

Corresponding Authors: yuseon.jeong@cern.ch, jeong.yuseon@gmail.com

Pion Production/SIS/DIS / 115

MicroBooNE
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Corresponding Author: bbogart@umich.edu

Pion Production/SIS/DIS / 116

T2K latest results and prospects on NC and CC pion production

Corresponding Author: cesar.jesus-valls@ipmu.jp

Pion Production/SIS/DIS / 117

DUNE 2x2

Corresponding Authors: cyifan@slac.stanford.edu, yifanch@fnal.gov

Impact of scattering uncertainties on measurements / 118

Impact of Cross Section Uncertainties on BSM Searches

Corresponding Authors: jkopp@cern.ch, jkopp@fnal.gov

Closeout / 119

Experimental Summary

Corresponding Author: jpaley@fnal.gov

Closeout / 120

Theory Summary

Corresponding Author: artur.ankowski@uwr.edu.pl

Closeout / 121

Closing Remarks

Corresponding Author: natalie.jachowicz@ugent.be

0pi / QE / 2p2h / 122
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MINERvA

Corresponding Author: druterbo@pas.rochester.edu

0pi / QE / 2p2h / 123

NOvA

Corresponding Authors: sfsanche@iastate.edu, sfsanche@fnal.gov

0pi / QE / 2p2h / 124

T2K

Corresponding Author: dolan@llr.in2p3.fr

Poster Session / 125

Double Beta Decay within the Relativistic QRPA
Authors: Lucas Carvalho dos Santos Maia1; Cláudio de Conti2

Co-author: Arturo Rodolfo Samana 1

1 Universidade Estadual de Santa Cruz
2 Universidade Estadual Paulista

CorrespondingAuthors: arturo.samana@gmail.com, claudio.conti@unesp.br, lucacarvalho291@gmail.com

In nature there are about 50 nuclear systems where the single beta-decay is energetically forbidden,
and double beta-decay turns out to be only possible mode of disintegration. It is the nuclear pairing
force which causes such an “anomaly”, by making the mass of the odd-odd isobar, (N-1,Z+1), to be
greater than the masses of its even-even neighbors, (N,Z) and (N-2,Z-2). The modes by which the
double beta decay can take place are connected with the neutrino and antineutrino distinction. The
Quasi-Particle Random Phase Approximation (QRPA) has turned out be the most simple model for
calculating the nuclear wave function involved in the single and double beta-decay transitions. In
this work we perform a self-consistent relativistic QRPA (RQRPA) calculation of double beta-decay
based on relativistic BCS (RBCS) mean field theory results for odd-odd intermediate nuclei 48Sc,
76As, 82Br, 100Tc, 128I, and 130I. We use the parameter set NL3 for interactions between protons,
neutrons, σ, ω, ρ mesons and fotons. The RQRPA equations are solved for the residual pion and
rho interaction by employing the same parameters used in the RBCS, and experimental values for
the pion and nucleons. The RQRPA results for the double beta-decay matrix elements are similar to
those obtained within the QRPA and the shell model. Motivated by the results obtained here, we
intend to calculate the neutrinoless decay in order to estimate the neutrino mass.
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