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1. Introduction

» Neutrino oscillation experiments rely on:
* Precise neutrino energy reconstruction
* Correct neutrino-nucleus interaction modelling

» Nuclear models can be tested with electron scattering; the
benefits are detailed in Table 1

» Neutrino event generators should be able to predict this ‘simpler’
Interaction

Electron Neutrino

Beam energy precisely known Broad energy spectrum

Easier to identify interaction Interaction types can overlap

type

Lots of electron scattering data v-A data very limited

available

Nuclear properties are studied @ Beam properties are studied

Weak interaction (vector +
axial)

Electromagnetic interaction
(vector)

Table 1: Differences between electron- and neutrino-scattering. These
make electrons much better probes of the nuclear response.

Tuning NEUT's physics models using a new electron
scattering extension
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Neutral Current as a framework: ¢ Isovector + isoscalar
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Fig. 1: Left. Spectral Function for O-16. Two sharp lines indicate the nuclear
p-shells; the diffuse region shows the s-shell. Figure from [1]. Right. CCQE

Feynman diagram, where the SF is the nuclear ground state model.

3. NEUT’s Electron Extension 4. Beyond the Impulse Approximation

» NEUT [2] is T2K’s neutrino event generator
» Nuclear model is the Spectral Function (SF, Fig. 1), built from:
* Mean field term from (e,e’p) data
* Theoretical short-range correlations component
» SF describes nucleon energy/momentum distribution
* Implemented under the Impulse Approximation (lA)
» Electron extension built from existing SF code
* Only available for electron elastic scattering

» Provides a baseline test for NEUT’s charged-current quasi-elastic
scattering (CCQE, Fig. 1) model

» Fig. 2 shows an example validation plot for NEUT’s electron
scattering

E 45000 —
E — + (e,e') Data
E 40000 — — NEUT+2P2H
|G — — GENIE
-O —
“o|W 35000 —
© B
30000—
25000—
20000— ||
I
—T
15000— [
= 111
- | g T g
10000 — Hl[
5000?—
Oll_llI|IIII|IIII|IIII|IIII|IIII|IIII|IIII—T—r‘_l‘_.l_::_"‘r'—b—Ll

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
v [GeV]

Fig. 2: Comparison of NEUT’s electrons, eWro and GENIE’s electrons to
inclusive electron data. It’s clear NEUT’s electron extension can predict
electron data.
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» Impulse Approximation states:
* |nteraction occurs on a single nucleon
* Lepton exits with no distortion

» |A simplifies cross-section calculations
* Breaks down at low energy transfer (g)

» Relativistic Mean Field (RMF) calculations predict a g-dependent
scaling function [3]

» Can build this into our model by comparing to (e,e’) data
* Moves beyond the IA
* Apply to the nucleon removal energy (Eg)
» Fig. 3 compares beyond IA approaches for different generators
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Fig. 3: g-dependence of Egz for 3 different generators. Each is derived in a
different way: NuWro with an optical potential, GENIE with RMF
calculations and NEUT tuned to (e,e’) data.
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