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Neutrino oscillation experiments 
• Both present and future generations of 𝝂-oscillation experiments use nuclei as target material.

• A good understanding of ν -nucleus scattering processes, including nuclear effects, is essential.

• Mono-energetic neutrino beams are not available.
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Neutrino-nucleus interactions
• We need theoretical models able to describe all possible reaction channels.

• Main channels: quasielastic scattering, two-nucleon knockout, resonance production and deep
inelastic scattering.

• Connection between electron and neutrino scattering allows to scrutiny theoretical models by a first
comparison to electron scattering data.
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• Final nucleon: solution of the Dirac equation with relativistic potential

Nuclear dynamics
• We focus on quasielastic scattering: interaction between the lepton with a single bound nucleon
inside the target nucleus.

• Initial nucleon: independent-particle relativistic mean-field (RMF)

• Theoretical framework • Nucleus: shell-model occupations and background due to SRC taken
from a realistic spectral function
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Meson exchange currents
• Meson exchange current (MEC) is an one-pion exchange effect where two-
body currents are involved.

• MEC contributions:

• ChPT background• Delta resonance mechanism

Tania Franco Muñoz

• When the 1p-1h excitation occurs through a two-body current, one of the
outgoing nucleons becomes bound to the nucleus again entering in the hole
left by the other.
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12C electromagnetic inclusive responses
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Comparison to previous computations
• Two completely different theoretical approaches
• Ab initio non-relativisticGreen’s function Monte Carlo (GFMC).

• ED-RMF: fully relativistic model and coherent quantum mechanical description of the nucleonic states,
incorporating realistic dynamics and final state interactions
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• Remarkable good agreement between both ED-RMF and GFMC calculations
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40Ca electromagnetic inclusive cross section
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Shell model state 1d3/2+2s1/2 1d3/2 2s1/2 1d5/2 1p3/2+1p1/2 1s1/2

Occupation probability 0.61 ± 0.04 0.65 ± 0.05 0.53 ± 0.04 0.85 ± 0.09 0.49 ± 0.07 0.89 ± 0.09
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• The relativistic and quantum mechanical treatment of the process allows its application to heavier nuclei.
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Conclusions and future prospects
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• Models for the lepton-nucleus interaction using a realistic treatment of the nuclear structure is
fundamental to describe the experimental data.

• The incorporation of the two-body meson exchange current to the 1p-1h channel is only
significant in the transverse channel, leading to an improved description of the data.

• After the success of the model in the scrutiny against electron scattering data, it can be applied to
neutrino-nucleus scattering.


