Nuclear physics for neutrino
oscillations at T2K and beyond

Nva,(Ev) = (I)va, (EV) X Oy, (Ev) X Pva-—wa, (Ev)

— Cross-section + precise energy reconstruction from final state particles of
neutrino interactions: a lot of nuclear effects to correct for
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T2K work on nuclear physics

Publications on nuclear physics models for neutrino oscillations with Jennifer2 contributions :

First ever simulation of nuclear cluster production in

’ neutrino interactions at LBL energy : use INCL model
ported from hadron scattering
%-: —;;< X107+ ]
E f ~ ;(-: r lf':. e | " INCL+ABLA
\ T | Nawrg
I [ = > =
( F\ APOT: lll()ll g 1F =
= ] 12 o
2 o 10F E
= I = e
; < gcgr— 6
5 GO" * 20’ 4060 80“ ‘1‘66”"']'20' + 140 - 160 ‘)-‘1‘80 00 700 900 1100 1300 1500
\ douy (deg) Ey (MeV)
Change the kinematics of Fraction of energy going to sub-
ougoing leading nucleon leading nucleons and nuclear
(comparison to Minerva data) cluster

Phys.Rev.D 106 (2022) 3,
BB98G%%y.D 108 (2023) 11,

11O59NNO



T2K work on nuclear physics

Publications on nuclear physics models for neutrino oscillations with Jennifer2 contributions :

Systematic evaluation of impact of nuclear effects on the difference between vu and ve
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Jennifer2 work on nuclear physics

And a lot more papers...

Benchmarking intranuclear cascade models for neutrino scattering with relativistic optical potentials - Phys.Rev.C 105 (2022) 5, 054603

Comparison of validation methods of simulations for final state interactions in hadron production experiments - Phys.Rev.D 104 (2021) 5,
gif)zcr):caling variable and neutrino energy reconstruction from theoretical predictions to experimental limitations - Phys.Rev.D 109 (2024) 7, 073001
The_ Ghent Hybrid Model in NuWro: a new neutrino single-pion production model in the GeV

Er?gljrl?l(;r distributions in Monte Carlo event generation of weak single-pion production - Phys.Rev.D 103 (2021) 5, 053003

And participation to major events in the domain (conferences, workshops, Snowmass Lol, ...)

Electron-nucleus scattering in the NEUT event generator — NuFact2022 (talk and proceedings)

Snowmass 2021: Event Generators for High-Energy Physics
Experiments, Neutrino-induced Shallow- and Deep-Inelastic Scattering

Summary of TENSION workshops : eg, Comparisons and challenges of modern neutrino-scattering experiments - Phys.Rev.D 105 (2022) 9, 092004



T2K workshops dedicated to
neutrino-nucleus xsec

Latest one : 3 days in June 2023 at Mainz

2 XSEC workshop June 7th

[@ XSEC workshop June 5th &] Status of nueCCPi+ Analysis

(23 First steps with T2KReWeight @ XSEC workshop June 6th ’H JN_WAG+ND280_Xsec
8 AntiNumu CC1pi- in FGD1: alternative pion kinematic } _
B The T2K neutrino interaction uncertainty mode! Q Fun with Fake Data ﬁ IlNGBM—ln—nghL'&‘h D

(&) XSEC group sructure and procedures @) numuCCOpi1pAnalysis_20230606 &) 20230607_GUNDAM._for_XsecCa

(&) NumuCC1pi+ Update - -

H Neutrino Interaction Model Comparison [CCOpi1p] E Minimization

(23 Joint CCOpi+1pi selection ’E] MumuCCO0Opi Hadronic Energy + Vertex Activity Analysis
8 Detector_syst_tutorial_tpcTrackEff

’g] gundam_tutorial pdf
E] Gundam validation for XSEC

(&) CC4Pi1Pi+ with ME kinematics &) Energy Deposits in FGD L
- ’E] Kaon Analysis Status

(4] LiamBinning
JGlu
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Belle Il physics weeks and Flavour Factory workshops
during JENNIFER2 project life (and support to participation)

Belle Il Physics Week (Oct 28-Nov 1 (Mon-Fri), 2019, KEK, Japan)

2022 Belle Il Physics Week, Nov 28-Dec 3 (Mon-Sat), 2022, in Valencia (Spain) and online
KEK-FF 2023 & KM50, Feb 9, 10, 11, 2023 at KEK

Belle Il Physics Week, Oct. 30-Nov. 3, 2023 at KEK

planned: Physics Week Oct 14 - 18, 2024 at KEK

Milestone of separate neutrino and flavour physics workshop definitely met .....



Joint theory and generators workshop to be organized by end of project

Organize a small workshop together with final J2GM in 2025

e Quark Flavour physics: CKM and beyond

e Lepton Flavour physics: PMINS and beyond

e Dark sector

Hard to include neutrino-nucleus interactions but.....let’s try.

To be discussed with reference people in JENNIFER2.
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