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Incoming Energy Reconstruction

Tracking detectors:

Cherenkov detectors:
Assuming QE interaction Calorimetric sum

Using lepton only Using All detected particles

2Me + 2M E; — m?
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€ 1s the nucleon separation energy ~ 20 MeV



The challenge - next generation high precision
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Measurement Incoming true flux Modelling input



The challenge - next generation high precision

Simulation of oscillation effects
. 20in future DUNE
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The challenge - next generation high precision

N(Epee, L) o / &(E, L)0(E)fo (E, Eyee) dE

Measurement Incoming true flux Modelling input

Use near detector

& Use external constraints

e scattering



or Neutrinos

22(\7 Electron

Using wide phase space
electron scattering data
for constraining
neutrino-nuclei
interaction models

visit: www.e4dnu.com



http://www.e4nu.com
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2}(\7: Why use électrons?

Electrons and Neutrinos have:

- Identical initial state

- Same Final State
Interactions

- Similar interactions
(vector vs. vector + axial)

Electron beams have known and precise energy




Neutrino game

22{\7: Playing t

Let’s analyse electron data as
if it was ‘neutrino data’

- Select a specific interaction

- Reconstruct the incoming E

- Scale the electron data

- Compare to event
generators )
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VA Interaction Modelling

Neutrino event generators are used to simulate a vA 1nteraction

Among those:

_ GiBUU

The Giessen Boltzmann-Uehling-Uhlenbeck Project

and more



GENIE reproduced e inclusive data
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GENIE reproducing v inclusive data
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M (@ the CLAS Detector

Electron beam with energies up to 6 GeV

Large acceptance Coutmers

Superconducting
Toroidal Magnet

Charged particles above detection

Drift Chambers
threshold:

3 Regions

P, > 300 MeV/c

P> 150 MeV/c

Time-of-Flight Scintillators
Electromagnetic

Shower Counters

Open Trigger
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CLAS A(e.e’p) Data

Targets:
4He, 12C, 56Fe

Energies:
1.1,2.2,4.4 GeV

Vi flux (arb.)
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M 1p0x Event Selection

Focus on Quasi Elastic events:
1 proton above 300 MeV/c
no additional hadrons above threshold:
P> 150 MeV/c

P > 500 MeV/c



Disagreements between Data and MC
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https://www.nature.com/articles/s41586-021-04046-5

Disagreements between Data and MC
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Disagreements between Data and MC
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MC vs. (e,e’p) Data: Pr=P; + P?
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New Data from CEAS]2

Acceptance down to 5° Q2> 0.04 GeV?

Solenoid

x10 luminosity [103> cm—2s-!]

Beamline ‘

Keep low thresholds
Targets: 2D, “He, 12C, 160, ¥Ar, 40Ca

2,4,6 GeV (relevant for DUNE)

Overwhelming support from:

(\ % IBEBUBE Hyper-Kamiokande I—ZR\

v Fe rm l Iab L » S(: EegeLnJBoltzmann-Uehling-UhIenbeck Project \\%?

53\




24

The €z Collaboration

Join us! visit www.e4nu.com
Contact: Minerba betan009@fnal.gov, Adi adishka@tauex.tau.ac.il



http://www.e4nu.com
mailto:betan009@fnal.gov
mailto:adishka@tauex.tau.ac.il
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Improving modelling input
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Cross section measurements

udv using cosmic rays inside

MicroBooNE

Phys. Rev. Lett. 125, 201803
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Event Generators

Phys. Rev. D 103, 113003

Scanning inclusive spectra

more exclusive channels (1nlpOm,

Iplm and more)

Nature 599, pages565-570 (2021)


https://www.nature.com/articles/s41586-021-04046-5
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.201803
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.113003

Summary

- Testing vA Models using wide phase-spz

- Data-MC disagreements for QE-like
events especially for high pr

- Adding vA cross section measurements

»

- Tuning models free parameters

Understanding the nuclear initial state is crucial
Accelerator based neutrino oscillation experiments reaching new energy regime:
- DIS becoming even more important

“,

- New neutrino experiments could be useful for DIS studies see R. Petty talk

- In the future, (with your help) vA generators could be useful for DIS studies



https://indico.cern.ch/event/1072533/contributions/4820517/

Thank you for your attention




