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Overview
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• The theory community is producing a rich spectrum of models for the different 
neutrino interactions, including charged current quasi-elastic, resonance, deep 
inelastic, meson change current, coherent, neutral current…

• Some available theoretical models are not available in the event generators 

• Having common interface between event generators will allow neutrino 
experiments to fully benefit from recent theoretical advances in a timely manner 

• Common interface means the neutrino community would be able to plug the 
model immediately into any of the available event generator (GENIE, NuWro, 
NEUT and GIBUU)

• The community might need different interfaces to accommodate the different 
calculations available 

• At the workshop we discussed different approaches for interfaces
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Interfacing Theory with Event Generators
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• Different approaches were discussed at the workshop
• Table approach:Theorists provide the model in a standard format, for example a 

differential cross section in some combination of variables 
• Hard-scatter events: This strategy is based on an interface developed by Collider 

Physics community, 
• Interface using lepton and hadronic tensors: Theorists would provide both 

tensors, recalculated and presented in a standard format or provide the code that 
computes these

• Fortran interface: develop a uniform computer code format that allows the 
theorists to implement cross section calculation directly into the event generator, 
for example a Fortran wrapper that attaches an event generator (C++) to theory 
code (Fortran) 
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Several Models available 
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• Full report is available at: https://indico.fnal.gov/event/24164/sessions/7454/attachments/127928/154529/Survey.pdf

• Some models are not included in the different event generators and experiments 
analysis chain
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Ongoing Efforts 
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• A working group sponsored by FNAL made of neutrino theorists, collider theorists, 
neutrino experimentalists and GENIE developers has been working since 2017 

•  We are making progress with the following topics:

• Interface theory and GENIE neutrino event generator 

• Nuclear ab initio, RES and DIS, Lattice QCD

• Leptonic interface framework 

• The group meets once a month to discuss progress https://indico.fnal.gov/category/
724/

• We have been having discussions about interfaces: 

• https://indico.fnal.gov/event/15600/sessions/2981/attachments/20336/25384/talk20171025.pdf

• https://indico.fnal.gov/event/44949/contributions/194171/attachments/133501/164684/
Automating_Leptonic_Tensor_Talk.pdf

• https://indico.fnal.gov/event/48251/contributions/210619/attachments/140883/177213/
te_meeting_mar2021.pdf

https://indico.fnal.gov/category/724/
https://indico.fnal.gov/category/724/
https://indico.fnal.gov/event/15600/sessions/2981/attachments/20336/25384/talk20171025.pdf
https://indico.fnal.gov/event/44949/contributions/194171/attachments/133501/164684/Automating_Leptonic_Tensor_Talk.pdf
https://indico.fnal.gov/event/44949/contributions/194171/attachments/133501/164684/Automating_Leptonic_Tensor_Talk.pdf
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Table Approach
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• Use a very general form to provide differential prediction for lepton kinematics
• Steven Gardiner is leading this effort 
- Hadronic tensor pre-calculated and tabulated for efficient evaluation 

- Elements expressed as a function of 

- Valencia MEC available using this method in GENIE,  NuWro and NEUT                                              
• More details in Steven’s GENIE talk (New Physics Model developments in GENIE)
• Disadvantages to the table approach: large number of tables for each nucleus, 

neutrino scattering process, neutrino energies, tables are fully inclusive and less 
accurate 

01/07/2020 Steven Gardiner | Research Strategy Report

• Pros and cons discussed in detail at ECT* workshop in June 2019 
(slides by S. Dolan)

• Valencia MEC available using this method in GENIE, NEUT, NuWro
• SuSAv2 also expected for GENIE v3.2 (other generators?)

Table-based example: hadronic tensor

- 5 elements at each  grid point
- Other variables integrated out 
→ inclusive prediction only

(ω, q)
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• Implementing other models using the table approach
• Spectral function approach: Combines a realistic description of the initial target 

state with a fully relativistic interaction vertex and kinematics from Noemi R. et al.
• Short-time approximation: Accounts for two-nucleon dynamics, including 

correlations and currents, and provide information on back to back nucleons, see 
Saori’s presentation 

• Validating with electron scattering mode

Table Approach
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10/26/2020 Steven Gardiner | Status of CBF spectral function model implementation in GENIE14

• Some 
comparisons 
looked pretty 
good, particularly 
for electrons at 
low energy

• Close agreement, 
differences from 
other GENIE 
nuclear models 
noticeable

Validation: the good newsShort-Time approximation in GENIE for Helium Spectral function in GENIE for Carbon 

J. Barrow, S. Gardiner et al., Phys. Rev. D 103, 052001 (2021)
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• Some models are written in Fortran, another interface could be a Fortran wrapper 
that attaches an event generator to theory code 

• An example was presented at the workshop, a Fortran wrapper that takes the 
structure functions F1, F2 and F3, using the deep inelastic interaction calculation 
from Huma Haider 

• Validation: Fortran original calculation (black) and GENIE wrapper (dashed yellow)

Fortran Interface

�8 01/07/2020 Steven Gardiner | “Theory API“ discussion

Fortran wrapper example
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•  structure function from H. Haider 

- Plot shows Fortran original calculation (black) and GENIE wrapper (dashed yellow) 

- Original calculation from H. Haider et al., PRC84, 054610 (2011)

F2(x, Q2)
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• What do all the diagrams above have in common?

 Lepton and Hadronic Tensor 
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 Lepton and Hadronic Tensor 
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• Leptonic tensor only contains perturbative physics 

• Can use LHC tools to calculate Leptonic tensor 

• Hadronic tensor is difficult, but event generators have these calculations 
implemented already

• Joshua Isaacson is leading this effort 
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• Proposed Interface 

• Validation using Noemi’s and BSM models will be performed 

Future/Proposed Interface 
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Summary and Planning 
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• FNAL working group is developing interfaces theory-event generator

• Table approach

• Automating Leptonic tensor

• Fortran interface

• Discussing interfaces from collider community and exploring how we could use 
the approaches in the neutrino community  

• This is a community effort, more support to develop proper tools to allow rapid 
implementation of modern calculations in event generator is needed 

• New collaborators are welcome 
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Backup Slides 
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FeynRules 
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Recursive Matrix Element Generation
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Leptonic and Hadronic Tensor: Possible issues 
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