
Nuclear Theory, Data and 
Event Generators

J. W. Van Orden

Old Dominion University

and 

Jefferson Lab

In collaboration with T. W. Donnelly
MIT

NuFact 2018, 13-18 August, 2018, Virginia Tech, Blacksburg VA.



Nuclear Theory and Data

1. Most of the current data consists of “Inclusive” cross sections

2. Theoretical calculations in the “Quasielastic” region consist of

•Models including quasielastic scattering, meson exchange currents, meson 
production, etc.

•The Random Phase Approximation (RPA) plus the above.

•Ab Initio calculations of  quasielastic scattering using GFMC.

•Phenomenological representations of data, SUSAV2.
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Nuclear Theory and Event Generators

• The theoretical input into event 
generators consists of calculation of the 
cross section for an initial scattering event 
from the ground state of the target 
nucleus which produces a particle(s) 
without final state interactions.

• Final state interactions are produced by 
the event generator using some 
prescription for transport of the initial 
particle(s) through the rest of the nucleus.

• The theoretical input is usually somewhat 
simplistic.



Factorization Approximation

Excitation energy of the residual system.
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Kinematic Variables in the “Lab” Frame
Since the objective is to determine the incident neutrino energy to study neutrino 
oscillations and given that the beam direction is known but not the incident 
momentum, it is best to consider the frame.

can be determined by 
measuring       ,    ,        ,   
and      .



Semi-Inclusive Cross Section

where

and
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Reduced, Off-Shell, Single-Nucleon Cross Section



CC Inclusive Cross Section

where



Spectral Functions

Independent Particle Shell Model



Relativistic Fermi Gas

Local Density Approximation



Nuclear Densities and Local Fermi momenta for 16O



Spectral Function*
Local Density Spectral Function

3-parameter Fermi Fit

* O. Benhar, A. Fabrocini, S. Fantoni, and I. Sick, Nucl. Phys. A579, 493 (1994).
O. Benhar, N. Farina, H. Nakamura, M. Sakuda, and R.Seki, Phys. Rev. D 72, 053005 (2005).



Momentum Distributions



Longitudinal Response for Electron Scattering from 16O



Semi-Inclusive CCν for 16O

Spectral Function* Local Density Spectral Function



Spectral Function* Local Density Spectral Function



Spectral Function* Local Density Spectral Function







Summary and Conclusions

• Models that appear to fit inclusive cross sections may disagree significantly in 
predicting semi-inclusive cross sections.

• At this time the spectral function approach seems to be the best method for 
providing input for event generators.

• Calculations of spectral functions based on realistic nucleon-nucleon interactions 
may be possible in the near future using modern approaches to the many-body 
problem.

• Some contributions from collective modes at low three-momentum can not be 
reproduced within the current event generator format.

• This matter needs to be given careful consideration and should be the subject of 
discussions between the theory community and the writers of event generators.
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