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Modelling input is needed for oscillation measurements

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

Measurement Incoming true flux Modelling input



The challenge - next generation high precision

Simulation of oscillation effects
T2K, Phys. Rev. D 91, 072010 (2015) 0_zoin future DUNE
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Improving ModeHing lInput o(E)(E,Erec)

Using both electron and
neutrino scattering data to:

- Constrain lepton-nucleus
interaction models
uncertainties

- Test neutrino energy
reconstruction



22(\) Why elect ns‘?

Electrons and Neutrinos have:

- Identical initial nuclear state

- Same Final State Interactions

- Similar interactions
(vector vs. vector + axial)

Electron beams have known energy

visit www.e4nu.com


http://www.e4nu.com

Constraining vA modelling with v & e

Methodology:

Unify lepton-nucleus models

Analyse eA data and vA data

Tune existing models
First the nuclear and vector part with e

Then the axial vector part with v



Unitying Models & Testing vs. Inclusive data
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.113003
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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?
2(M — E; + |k;i| cos 6;)

Eor =
(O]

Ecal = E; + ES™ + ¢

[ 1pOt]

€ 1s the nucleon separation energy ~ 20 MeV
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M@ the CLAS Detector

Electron beam with energies up to 6 GeV

Large acceptance

Cerenkov
Counters

Superconducting

Charged particles detection threshold: — Torowdal Mage:

300 MeV/c for p Ot Chambers

150 MeV/c for Pyt

500 MeV/c for P,

Open Trigger /

TargetS: 4He9 12C7 56Fe Time-of-Flight Scintillators \

Electromagnetic
Shower Counters

Energies: 1.1,2.2,4.4 GeV



Inclusive (e.e’)ox Energy Reconstruction
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Inclusive (e.e’)ox Energy Reconstruction

E=1.159 GeV

0.6

Nature 599, 565 (2021)
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Reconstructed (e.e’p)ipoxr Calorimetric Energy
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Reconstructed (e.e’p)ipoxr Calorimetric Energy
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Reconstructed (e.e’p)ipoxr Calorimetric Energy
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QuasiElastic-like analysis in uBooNP

MicroBooNE is a LAr Time Projection a short p track,
highly 10nizing

Chamber Active mass : 85 tons

@ Jo
Event section: Ong e

one muon (Pu > 100 MeV/c)
one proton (Pp > 300 MeV/c)
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no 10 , no charged m (= 70 MeV/c)

~84% CClpOn (~81% CCQE) purity, 20% efficiency

Phys Rev Lett. 125, 201803 (2020)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.201803
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QuasiElastic-like Cross Section

Overall agreement except for forward muon scattering angle

v+YAr - u+p+3PAr
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.201803

QuasiElastic-like Cross Section
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.201803
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Focusing on different reaction mechanisms

Standard Transverse Variables
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Transverse missing momentum
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p1 sensitivity to interaction mechanisms
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Transverse Kinematic Variables - odr
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Similarities between e and v

Small oot Large oot
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New Data from CEAS]2

Acceptance down to 5° Q2> 0.04 GeV?

Solenoid

x10 luminosity [103> cm2s-!]

Beamline ‘

Keep low threshold, better neutron coverage
Targets: 2D, “He, 12C, 160, ¥9Ar, 40Ca
(1,)2,4,6 GeV (relevant for DUNE)

Overwhelming support from:

Ve &IceECuBE -

SOUTH POLE NEUTRIND DBSERVATORY

2= Fermilab _‘0 _ GIBUU \g;/e eV’ pBooNE

The Giessen Boltzmann-Uehling-Uhlenbeck Project =

l'.

26 Justl stee Joshua Barrow



Summary

VA interaction uncertainties limit os¢illation parameters eXtraction

Improving the modelling nput in
event generators using

¢ scattering from CLAS

v scattering data from MicroBooNE

Data/model disagreement even for electron QE-like events especially at
high energies, heavy nuclei, and for events with high pr ‘

New data 1s on the way
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