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Outline

The theory experience using experimental data

 Introduction: motivation and superscaling phenomenon

 SuSAv2 approach: SuSAv2-QE model & RMF theory

 SuSAv2-inelastic model

 SuSA-2p2h channel (Granada model)

 Conclusions
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Uncertainties in nuclear models, reweighting and tuning

The theory experience using experimental data

 Event reweighting and tuning of parameters is a key analysis technique to study the effect of neutrino 
interaction model uncertainties. However, these procedure should be theoretically motivated. 
Otherwise, they could lead to results in contradiction with electron and/or neutrino analyses.

2p2h tuning from NOvA Collaboration
Eur. Phys. J. C 80, 1119 (2020)



5

Uncertainties in nuclear models, reweighting and tuning
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RMF/RPWIA transition effects in SuSAv2
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RMF/RPWIA transition effects in SuSAv2
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SuSAv2 implementation in GENIE:  PRD101, 033003 (2020), PRD103, 113003 (2021)

The theory experience using experimental data
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PB effects in comparison with neutrino CC0pi data

The theory experience using experimental data

PB effects can be modified. 
Analytical “simple” expression
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Uncertainties on vector (EM) form factors

The theory experience using experimental data
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Uncertainties on the axial form factor: PRC 101, 025501 (2020)

The theory experience using experimental data

T2K data

MINERvA data

Different options: Dipole, z-expansion, two-component model 

2-comp. model: The pion electroproduction data can be 
interpreted in different theory frameworks to extract the form 
factor. We consider here the Soft Pion and the Partially 
Conserved Axial Current approximation (PCAC).

Uncertainties in CS smaller than 5% in general (up to 10% in 
some cases).
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(Description of initial state)
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Validation of SuSAv2-inelastic vs elecron data: arXiv:2306.12060 [nucl-th]

The theory experience using experimental data
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Validation of SuSAv2-inelastic vs T2K CC inclusive data: arXiv:2306.12060 [nucl-th]

The theory experience using experimental data
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SuSAv2-inelastic model & low-energy nuclear effects: arXiv:2306.12060 [nucl-th]

The theory experience using experimental data
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Uncertainties in nuclear models, reweighting and tuning

The theory experience using experimental data

 MC tuning, reweighting or model approaches in the RES and SoftDIS 
(Background) channels for neutrinos should be validated against electron 
scattering data.

 GENIE Mnv RES approach is based on a single-nucleon Rein-Sehgal pion 
production model with lepton mass corrections and other modifications to 
include nuclear effects. But, it looks similar to a low-pF RFG model.

MINERvA Collab. PRD 101, 112007 (2020)

arXiv:2306.12060 [nucl-th], 
J. Gonzalez-Rosa et al.

https://arxiv.org/abs/2306.12060
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Uncertainties in the SuSA-2p2h model

The theory experience using experimental data

5. How can these uncertainties be implemented in MC event generators? Summary 
and conclusions
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Uncertainties in the SuSA-2p2h model
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BACKUP SLIDES:
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What is this talk about?
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Relevance of RMF and RPWIA
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Uncertainties on the nuclear potentials and FSI effects

The theory experience using experimental data
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 Some MC tuning or model approaches in the RES and SoftDIS 
(Background) channels do not seem consistent between 
electrons and neutrinos, being too large for neutrinos. 

 GENIE Mnv RES approach is based on a single-nucleon Rein-
Sehgal pion production model with lepton mass corrections and 
other modifications to include nuclear effects. But, it looks similar 
to a low-pF RFG model. Can affect RES and SoftDIS tuned 
models to the reconstruction and the CS data? Check with e-A 
data

MINERvA Collab, 
PRD 104, 092007 
(2021) 

arXiv:2306.12060 [nucl-
th], J. Gonzalez-Rosa et 
al.

https://arxiv.org/abs/2306.12060
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Uncertainties in nuclear models, reweighting and tuning

The theory experience using experimental data

 MC tuning, reweighting or model approaches in the RES and 
SoftDIS (Background) channels for neutrinos should be 
validated against electron scattering data.

 GENIE Mnv RES approach is based on a single-nucleon Rein-
Sehgal pion production model with lepton mass corrections 
and other modifications to include nuclear effects. But, it looks 
similar to a low-pF RFG model.

MINERvA Collab. PRD 101, 112007 (2020)

arXiv:2306.12060 [nucl-th], 
J. Gonzalez-Rosa et al.

arXiv:2308.16161 [nucl-th], 
Mosel, Gallmeister

https://arxiv.org/abs/2306.12060
https://arxiv.org/abs/2308.16161
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Uncertainties in the SuSA-2p2h model

The theory experience using experimental data

Form factors
Description of the Delta propagator (full vs. Real)
Fermi momentum, Eshift(~binding energy)
Relativistic vs. Non-relat. approaches
Nuclear model: RFG (Granada(SuSA), Valencia), Empirical, RMF(Ghent, Granada), etc.
Diagrams and interference diagrams considered
New 2p2h semi-inclusive model from SuSA (Granada): arXiv:2310.12642 [hep-ph]



45

Similar RES contributions in both SuSAv2-DCC and SF-DCC approaches

The theory experience using experimental dataSuSAv2 arXiv:2306.12060 [nucl-th]             Extended Fact. Scheme. PRC 100 (2019) 4, 045503
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