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Theory at NuInt’24

● ~20 theory talks

Nuclear effects in electron and neutrino scattering in a variety of 
approaches, pion production, eta production, tau neutrino cross 
sections, BSM physics, … 

● ~10 generator talks

GiBUU, NuWro, GENIE, NEUT, ACHILLES, HE interactions, gamma 
rays, INCL + ABLA, NUISANCE

● Many posters
I won’t be able to cover them, sorry!
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Additionally: How accurately is the smearing modeled?Clarence Wret
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Clarence Wret
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Clarence Wret
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Cross sections’ ratio for neutrinos
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A. M. A. at NuInt’18
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Cross sections’ ratio for antineutrinos

A. M. A. at NuInt’18
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Cross sections’ ratio for neutrinos

A. M. A. at NuInt’18
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Cross sections’ ratio for antineutrinos

A. M. A. at NuInt’18
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Crash course



 
12

 

Spectral function
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● Emphasis on the initial state (shell structure & SRC)

● Interaction (1 or 2 nucleons) factorized

● Final-state interactions treated as corrections

● Inclusive and exclusive cross sections 

● Relativistic final states

relativistic
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Quantum Monte Carlo
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● Emphasis on the nuclear dynamics

● Interaction not factorized

● Initial and final-state interactions treated consistently

● Nuclear responses and inclusive cross sections 

● Relativistic effects treated as corrections
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Relativistic mean field

● Emphasis on relativistic dynamics of the interaction 

● Interaction not factorized

● Nucleus treated as a potential

● Initial and final-state interactions treated consistently

● Exclusive and inclusive cross sections 

● Effects of interactions need to be added ad hoc

● SRCs treated as corrections
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Multinucleon final states

Two (or more) nucleons in the final state may come from  

● initial-state correlations

● two-body reaction mechanisms, such as meson exchange currents (MEC)

● final-state interactions (intranuclear cascade)

We cannot distinguish these processes, so they would need to be added at 
the level of amplitudes, and they interfere.

Shimizu & Faessler, Nucl. Phys. A 333, 495 (1980)
Alberico at al., Ann. Phys. 154, 356 (1984)
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Importance of fully relativistic kinematics

A.M.A. & O. Benhar, PRC 83, 054616 (2011)

Sizable differences between the relativistic and nonrelativistic cross sections for 

neutrino energies O(500 MeV). 
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 At |q| ~ 500 MeV, semi-relativistic result 5% lower than the relativistic one.

Importance of fully relativistic kinematics
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Coulomb distortion effects
“These effects generally turn out to be sizable even for 
light nuclei … and introduce in the components of the nuclear 
response a dependence on all the kinematic variables of the 
incoming and outgoing electrons which in principle 
invalidates the Rosenbluth separation and makes the 
experimental determination of RL and RT extremely complicated.
…
[W]hen L/T separation is obtained from the data at large 
scattering angles, small uncertainties in the cross-section 
measurement can lead to relatively large uncertainties in the 
extracted value of RL”

Boffi et al., Electromagnetic response of atomic nuclei (Clarendon, Oxford, 1996)



  

What did we learn?
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 Joanna Sobczyk
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 Joanna Sobczyk
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 Joanna Sobczyk
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 Ronen Weiss

Generalized contact formalism
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 Lorenzo Andreoli
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 Lorenzo Andreoli
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 Alexis Nikolakopoulos
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Superscaling

Arrington et al., PRL 82, 2056 (1999)
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Superscaling

dσ
dω dΩ

=f (ψ ' )(Nσ en+Zσ ep)

Paloma Casalé
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 Jesus Gonzalez-Rosa
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 Atika Fatima
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 Atika Fatima
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 Minoo Kabirnezhad

MK model



 
52

 Minoo Kabirnezhad
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 Minoo Kabirnezhad
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 Alejandro Mariano
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 Minoo Kabirnezhad

Model A (bootstrap) Model B (MC dropout)

Krzysztof Graczyk https://github.com/bekowal/CarbonElectronNeuralNetwork
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 Minoo KabirnezhadKrzysztof Graczyk

Consistency of the data normalization
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 Minoo KabirnezhadJoachim Kopp
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High-energy studies

●  Alfonso Andres Garcia Soto: High-energy neutrino-matter interaction 
cross-sections in neutrino event generators

● Farhana Zaidi: Nuclear medium effects in ντ-A scattering at DUNE 
energies

● Jorge Morfin: The Physics of SIS – target mass correction and higher 
twist

● Yu Seon Jeong: Neutrino Cross Sections for collider neutrinos
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Summary

● The success of the neutrino-oscillation program (DUNE and Hyper-
Kamiokande) requires reliable cross sections. 
➔ The requirement for precision will steadily increase.

● Theory and generator developments needed for many years to come. 

● Plenty of new experimental data need to be understood.
➔ We need to grow as a community to meet the demands of the 

oscillation program and ensure its full potential is realized.
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Our needs

● Inclusive and exclusive cross sections for electron scattering on nuclear 
targets, especially argon and oxygen. Both data and theory predictions. 
● Neutron multiplicities and spectra for argon. Proton knockout from 

titanium may be a simple way forward.

● The transition from resonance production to deep-inelastic scattering 
requires our attention. The problem is challenging, particularly relevant 
for DUNE.

● More efficient theory implementation in Monte Carlo generators.

● New measurements from the short-baseline program will shed new light 
on intranuclear cascades. Expect the unexpected!

● Uncertainties and regions of validity for the theory predictions.



  

Thank you!
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