Nuclear models: should the neutrino community care about them?
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Impulse Approximation (IA) and Short Range Correlation
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The initial-state of the target nucleus is described by the spectral function in Eq. 1, P(p, F), yielding the prob-
ability of removing a nucleon of momentum p from the target nucleus, leaving the residual system with the
excitation energy .

P(p|,E) = | < Py|Pg_1,p > |[0(Eg—Eqg_1 —m — ¢+ E) (1)
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Figure 3: initial-state momentum distribution of structured nucleons (left).
correlation between momentum and separation (binding) energy (right).

Within the RFGM, the spectral function 1s parametrized in the simple form

~ 3
P(BL E) = 1
F
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where pp ~ 250 MeV and ¢y ~ 25 MeV are the Fermi momentum and the average nucleon binding energy,
respectively, and the distribution of Fig. ?? collapses to a line.

()? Selection at the Interaction Vertex

In GENIE 2.8.0, Q7 is selected randomly within a range defined by a set of minimum and maximal values.
Therefore, the value of Q)¢ is not affected by the 1nitial nucleon’s kinematics, dictated by the dynamical model
employed to describe the target ground state: RFGM or SFE. In our implementation, the Q)¢ selection instead takes
into account the dependence of the interaction vertex on both separation energy and initial-state momentum of
the struck nucleon.
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Figure 4: (|q|, w) at £, = 200 MeV, GENIE 2.8.0 + T with RFGM (left) and SF (right).

Cross-section

The derivation of the double differential nuclear cross section in the impulse approximation regime 1s described
in detail in Refs. [1, 2].
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where p>P(|p|, E) reflects the probability of interacting with the structured nucleon at its binding energy and
initial-state momentum, and thus manifests the contribution of the lepton-nucleon interaction to the cross-section.
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Figure 5: probability distribution of nucleon momentum p°P(|p|, E).

Validation of Electron Cross-section

Comparison of double differential electron-nucleus cross sections between experimental data and simulated pre-
dictions in the quasi-elastic channel are shown below:
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Figure 6: ¢ + C — ¢ + X, E£.=0.961 GeV (left) and 1.299 GeV (right), 6.=37.5 deg.

Neutrino Cross-section

Comparison of the differential CCQE do/dE,, cross sections of (a) oxygen and (b) argon at neutrino energy
F,, = 800 MeV, obtained using GENIE 2.8.0 + 1" with RFGM and SF.
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Figure 7: v + O — 1 + X, no Pauli blocking, no FSI (left).
v + Ar — 1 + X (an approximation of “’Ca), Pauli blocking and FSI included (right).

Neutrino Oscillation Parameters

To evaluate the impact of three different simulation conditions (RFGM, RFGM + new Q2 selection and SF) we
took the event rates computed using GLoBES, applied to them the migration matrices computed with one partic-
ular setting of the neutrino interaction generator, and try to fit them using the matrices obtained with a different
setting. By doing this, the possible biases on the oscillation parameters, induced by the different nuclear models
or Q? selection introduced in GENIE 2.8.0 + T, can be quantified in a robust fashion.
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Figure 8: CCQE migration matrix with FSI for RFGM (left) and SF (middle).
023 — Am3, plane (right).

The shaded area shows the confidence regions that would be obtained at 1, 2 and 30 1f the simulated and fitted
event rates are generated using the same set of migration matrices produced by GENIE 2.8.0 4+ v1" and SF. The
colored lines show the resulting regions if the event rates are computed using matrices produced by GENIE
2.8.0 4 v1" and RFGM are fitted with the rates computed using matrices obtained using GENIE 2.8.0 4+ v1" and
SF. The red dot show the true input value of the fit,while the red triangle shows the location of the best fit point.
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