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E12-14-012:Reminder

= Primary Goal: Measurement of the spectral functions of Argon and Titanium through Ar-Ti (ee’p)

reactions * Data Collected (Feb-March 2017):
- Ar/Ti/C/Dummy/Optical (e,e’p) reactions for five different kinematic set-ups

- Ar/Ti/C/Dummy (e,e’) reactions for one kinematic set-up

= Primary Motivation: To help improve the accuracy of the measurement of the neutrino-oscillation
parameters, including the CP violation in leptonic sector (one of the top priority of the US particle physics
community), in the future neutrino experiments, mainly DUNE, by:

* Measuring spectral function of argon (~ initial momentum and energy distributions of nucleons bound
in argon) that can directly be used in the reconstruction of neutrino energies (currently the major
source of uncertainty in neutrino experiments).

« Using measured argon spectral functions to further develop (extend) a fully consistent parameter-free
theoretical (neutrino-nucleus) model that can be used in (every step of) the analysis of long baseline
neutrino experiments.
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Electron scattering data as a validation PRD D91, 033005 (2015) - arxiv:1404.5687

e + ?C — €’ + X quasi elastic cross section computed within the
IA including FSI. The predictions of the Relativistic Fermi Gas
Model (RFGM) are also shown for comparison.
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Hall A at Jefferson Lab
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Kinematic Setup

E Oe by Ty bp gl Pm Em
(MeV) (deg) (MeV/e) (MeV) (deg) (MeV/e) (MeV/e) (MeV)
Ar 1,777 215 915 372 —50.0 865 50 73
Ti 1,799 215 915 372 —50.0 865 58 51
Ar, Ti 1,716 15.5 1,030 455  —39.0 730 300 50
HallA
E, = 1.716GeV
E, = 2.222GeV
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kin1 kin3
Collected Data Collected Data Hours Events(k)
Ar Ar 13.5 73176
Ti Ti 8.6 28423
Dummy Dummy 0.6 2948
kin2 kin4
Collected Data Hours Events(k) | Collected Data Hours Events(k)
Ar 32.1 62981 Ar 30.9 158682
Ti 18.7 21486 Ti 23.8 113130
Dummy 43 5075 Dummy 7.1 38591
Optics 1.15 1245 Optics 0.9 4883
C 2.0 2318 C 3.6 21922
kin5 kin5 - Inclusive
Collected Data Hours Events(k)| Collected Data Minutes Events(k)
Ar 126 45338 Ar 57 2928
Ti 1.5 61 Ti 50 2993
Dummy 5.9 16286 Dummy 56 3235
Optics 2.9 160 C 115 3957




(e,e’) and (e,e’p) processes

* (e, €'p) process (exclusive): * (e,e”) process (inclusive):
Both outgoing electron and Only scattered electron is
proton are detected detected
e+ A-e' +p+(A4A-1) e+ A-e' +X
e'(E,.k,) PE,P) 41 e'E,.k,) X
Y (©,3) Y (@3
e, k) @ 4 e, k) (b) 4
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Inclusive analysis

/>_\ ST T T T 1. Total statistical uncertainty 1.7-2.9%
O [ e Al | 2. Total systematic uncertainty 1.8-3.0%
@) I i a. Beam charge and beam energy 0.3%
} b. Beam offset z and y 0.4-1.0%
~— c. Target thickness and boiling effect 0.7%
= d. HRS offset = and y + optics 0.6-1.2%
zbw e. Acceptance cut (6,¢,dp/p) 0.6-2.4%
Z f. Calorimeter and Cerenkov cuts 0.01-0.03%
4 g. Cross section model 1.3%
-+ h. Radiative and Coulomb corrections 1.0%
2
e}
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R
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Ti(e,e’) and C(e,e’) inclusive cross sections published Phys. Rev. C 98, 014617 (2018)
Ar(e,e’) inclusive cross published in Phys. Rev. C 99, 054608 (2019)
Al(e,e’) inclusive cross section analysis published in Phys. Rev. C 100, 054606 (2019).

Snowmass, NFO6, Dec. 2020 C. Mariani, CNP - VT 7



Exclusive analysis — kinl - Ar -
Missing energy and missing momentum
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Exclusive analysis - kinl - Ti -
Missing energy and missing momentum
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Summary

* Electron Scattering data provide essential information about dynamical effects that need to be taken into account

by any models of neutrino-nucleus interactions

* Performing measurements at a level of 5% is doable

More precise measurements are not possible due to the intrinsic uncertainties of the nuclear corrections that are involved (for absolute cross

sections)

* Several theoretical issues---e.g. the treatment of coulomb correction, FSI and radiative corrections---contribute, all at the level of 1%.

Inclusive scattering provides a quick and easy way to assess the model validity — exclusive measurements are more delicate, long and complicated

* The description of FSI within a relativistically consistent approach remains an open problem in electron and neutrino
scattering alike. A number of issues still need to be better understood

* Interplay between SRC, MEC and FSI in the quasi-elastic channel

* FSI in the inelastic channels

« All measurements are affected by how well we know and can calculate FSI, and subtract their effects
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