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M. Muether “Deep Inelastic Scattering
Impact on NOvA”



Why a workshop on the SIS/DIS region?

Likelihood separation based on 
differences between DIS interactions 
of neutrinos and anti-neutrinos
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J. Tena V]idal, “Tuning the pion production in GENIEv3”



SIS/DIS region in the generators

W2 GeV]/c²

Resonances
(1π, 1K, 1η)

+
 DIS background

(“Multi-pi” mode)

PYTHIA 5.72
(“DIS” mode)

Resonances
+

 DIS background
(“AGKY model”)

1.7 GeV]/c²

 DIS low W
(“AGKY model”)

2.3 GeV]/c²

Linear transition
to PYTHIA 6

3 GeV]/c²

PYTHIA 6

WGENIE

1.3 GeV]/c²

RES Linear
transition

1.6 GeV]/c²

DIS
(uses PYTHIA 6 

fragmentation routines)

W

NuWro

1.3 GeV]/c²

NEUT
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S. Dytman, “Status of Resonances in GENIE”



M. Kabirnezhad, “Single pion production in neutrino interaction”



S. Nakamura, “Dynamical coupled-channels approach to Resonance Region beyond Δ(1232)”



Invariant mass distribution
νμ on Fe, Eν=6.0 GeV

W>1.7 GeV]
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Neutrino on neutron xsecNeutrino on neutron

➢ To determine the number of hadrons produced, use a multiplicity model
➢ Gives the probability to produce a given number of hadrons as a function 

of W, ν/ν and target nucleon

NEUT Low W model
W<2 GeV] region:
➢ Single particle production (lepton + baryon +X): resonances
➢ More than one particle (lepton + baryon +nX ,n≥2): custom DIS 

model “multi-pion” mode



J. Tena V]idal, “Tuning the pion production 
in GENIEv3”



➢ Use quark-parton model to compute F2 and xF3 from Parton 
Distribution Functions

➢ PDFs can be computed in QCD with free parameters determined by 
a fit to data 

➢ Only works for Q²>Q0²(typically ~1 GeV])

J. Morfin @ NuFACT2018



P. Sala, “Neutrino interactions in FLUKA: NUNDIS”



U-K Yang, “The status of Bodek-Yang model”



Uses the idea of duality 
for the low Q2 region

Eric Christy, “Quark-Hadron Duality”



E. A. Paschos, “Quark-Hadron Duality in Neutrino 
Nucleon Scattering and Analogies in Nuclei
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Case of an isoscalar nucleus: carbon 12

Eric Christy, “Quark-Hadron Duality”J. Morfin @ NuFACT2018

ν-C12

e-C12



S. Kulagin, “Nuclear Medium Effects on the Structure Functions”



A. Kusina, “nPDFs from e/mu-A and nu-A scattering



A. Kusina, “nPDFs from e/mu-A and nu-A scattering





A. Kusina, “nPDFs from e/mu-A and nu-A scattering



Generator comparison
Low W DIS model

➢ NEUT and GENIE use similar method and inputs to generate (x,y)/(W,Q²) in their 
low W models

➢ Found when doing generator comparison for NuINT 2015 that obtained 
distributions were different for the 2

➢ Now consistent  if used in the same way (DIS only, 1.7 GeV] < W < 2 GeV], at least 
2 pions)

(modified)
(modified)

NEUT settings:
- default

GENIE settings:
- DISSF-Use2016Corrections false → true
- DISSF-LowQ2CutoffF1F2 0.8 → 0.0

2 GeV] νµ on free protons, nπ≥2



High W models

8 GeV] νµ on free protons, W>3 GeV] 

At high W, all generators use PYTHIA
● NEUT uses PYTHIA 5, GENIE and NuWro PYTHIA6
● In NEUT, event is fully generated by PYTHIA
● GENIE and NuWro generate (x,y), select target quark and use PYTHIA 

fragmentation routines
● NEUT and GENIE use GRV]98, NuWro uses GRV]94

CB, “Generator comparisons SIS/DIS region”



“I would not trust PYTHIA for anything with less than 6 pions”

S. Prestel, “The LUND hadronization model”



C. Andreopoulos, “Hadronization models in GENIE”



Low W multiplicity models
➢ Use data from bubble chamber experiments to measure free parameters
➢ To decorrelate from final state interaction modelisation, use data from 

hydrogen and deuterium experiments 

Phys. Rev. C 88, 065501 (2013)

Many problems:
✗ inconsistent results 

between datasets
✗ actual data hard to find 
✗ no systematic uncertainties 

most of the time

➢ NEUT model 0 uses [GeV]16] (ν-p) 
for all types

➢ GENIE uses [GeV]27] for ν and 
[GeV]37] for ν, and symmetry νp ↔ 
νn for some parameters

CB, “SIS/DIS interactions and 
 uncertainties in atmospheric 
oscillation analysis”



T. Katori, “Neutrino SIS systematic errors for oscillation experiments”



Where do we go from here?

J. Morfin @ NuFACT2018

➢ Saw there were many things we did not understand/open questions 
for both aspects

➢ Considering releasing commented slides (instead of proceedings) 
and recommendation / proposal to go forward

➢ Hoping to see progress on SIS/DIS understanding / simulation / 
uncertainties at next NuINT
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