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● Current status of GENIE in the high energy regime: 
- DIS based on Bodek-Yang model -> optimised for low Q2. 
- Structure Function = Cij LO⊗PDF LO (GRV98 Q2[0.8,2·106]). 
- Contributions from heavy quarks are not included.
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● New extension allows UHE interaction -> HEDIS 
- Newer PDFs with broader Q2 phase space. 
- Structure Functions = Cij NLO⊗PDF NLO.  
- Account for the heavy quark contributions.

GENIE

● Current status of GENIE in the high energy regime: 
- DIS based on Bodek-Yang model -> optimised for low Q2. 
- Structure Function = Cij LO⊗PDF LO (GRV98 Q2[0.8,2·106]). 
- Contributions from heavy quarks are not included.
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Coefficient functions
- Calculated from fit to hadron data. 
- Available sets depend on fitted data 

and formalism.  
- Lookup tables (x,Q2) -> LHAPDF

Parton Density Functions

- Calculated from Feynman diagrams. 
- Depend on order in pQCD. 
- Implementation: APFEL.
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HEDIS

● Low energy DIS module (Bodek-Yang) use LO Coefficient Functions. 
- Most Cij become zero or delta functions. 
- Structure functions can be computed on the fly -> fast. 

● Moving to NLO requires a new approach to compute Structure Functions.
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● The key feature: 
- Event generation using NLO Structure Functions!!! 

● Solution: 
- Precomputation of the Structure Functions (lookup tables). 

ν-proton CC

Fi = Cij[NLO]⊗HERAPDF15NLO

APFEL LHAPDF6

🐌
🐌🏎

NLO

HEDIS
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● Theoreticians showed interested in this package. 
● Several experiments will measure neutrino cross sections for E>1TeV in this decade. 

HEDIS
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● Generator develop for MINOS 
- Nuclear effects implemented at kinematical level. 
- Reweighting available for some parameters. 

DIS
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● Main points: 
- CSMS overestimates at TeV-PeV (treatment of top quark production). 
- Nuclear effects are relatively small for Oxygen.

Comparison
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Hadron level
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● Quark combination input to PYTHIA6.
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Hadronization-HEDIS
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● Quark combination input to PYTHIA6. 
● Relative contribution from each quark using LO expression. 
● Details of hadronic showers not relevant (yet) for neutrino telescopes. 
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Hadronization-HEDIS
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● No PYTHIA running 
● No formation zone 
● No final state interactions 
● W>2GeV 
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Hadronization-DIS
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DUNE flux

● Hybrid model depending on the W of the interaction. 
- At W>3GeV a PYTHIA tuned version is used.
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● New tuned has been recently developed.

Hadronization-DIS
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https://arxiv.org/abs/2106.05884
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● DIS includes a formation zone calculation 
- Hadron/nucleon dependent. 
- Reweigh is available 

Formation zone
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● Based on intranuclear cascade (INC) model. 
- Simple: hA -> For E<1.2GeV 
- Sophisticated: hN -> E>50MeV 
- INCL++ 
- GEANT4 

Final-state interactions
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2GeV numu+Ar
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● Energy of leading hadrons

Comparison
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● Hadron multiplicity with/without NSI

Comparison
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● Hadron multiplicity

Comparison
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