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MC event generators play key role in experiments:  
bridge between theory and experiments 
 
FPF experiments need Neutrino Monte-Carlo 
generators to predict: 
- neutrino interaction cross section, all final-state   
  particles and their energies 
- for all the current and proposed target material in the  
  detector (tungsten, argon,…)  
- for all three SM neutrino flavors  
- for a broad spectrum of FPF neutrino energies  

Monte Carlo Event Generators
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Uncertainties associated with the neutrino interactions need to be well controlled for 
precision neutrino and BSM measurements



Neutrino Monte Carlo Event Generators
Widely used Neutrino MC Event Generators:
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Dedicated Section in the White Paper

Neutrino MC Event Generator Session:
https://indico.cern.ch/event/1076733/contributions/4569418/

This talk gives a brief summary of these contributions: 
- Underlying key DIS models 
- Treatment of FSI effects 
- Leading hadron multiplicity and energy distributions

Many thanks to generator authors for their contributions to the 3rd FPF meeting and to this 
white paper!

https://indico.cern.ch/event/1076733/contributions/4569418/


NEUT: Luke Pickering at 3rd FPF Meeting

• Originally written in the 1980s to predict atmospheric neutrino backgrounds for Nucleon Decay 
Experiments at KamiokaNDE.  

• Development focussed on “few GeV” neutrinos for use in T2K and SK long baseline neutrino 
oscillation measurements. 

DIS Model 

• Inclusive cross-section from Bodek-Yang-modified GRV98    
PDF set  

• Fragmentation uses PYTHIA v5.72 included in CERNLIB 
2005  

• Multiplicity at low energy and W tuned to bubble-chamber  

 data from FNAL and BEBC  

 No explicit tuning for higher W
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FSI Model
• Semi-classical cascade  

 - Hadrons are individually and independently stepped  

       through nuclear volume  

  - Interaction probability per 0.2 fm step parameterised  

       by Local Fermi Gas model (charge/nucleon density,  
    nucleon momentum distribution)  

• Channels Implemented:  

    - Nucleons, pions, kaons, etas, omega  

    - Pion model tuned to data: 0.5–2 GeV/c  
  - Nucleon cross-sections use Bertini model for EN < 3 GeV  

• Includes “formation zone” effects where primary hadrons 
are stepped away from production point before experiencing 
cascade  

Luke Pickering at 3rd FPF Meeting
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NEUT:



• Multiplicity • Leading Hadron Energy

1 TeV  CC Interactions on W targetνμ

Luke Pickering at 3rd FPF Meeting
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NEUT:



• Beginning ∼ 2005 at Wroclaw University, Poland 

• Optimized for ∼ 1 GeV neutrinos

• Can handle all kind of targets, neutrino fluxes 

• Equipped with detector interface 

• Used for numerous comparisons and studies by T2K, MINERvA, MicroBooNE experiments 

DIS Model
• W > 1.6 GeV 

• Inclusive cross sections from Bodek-Yang model

• Hadronization with PYTHIA6 fragmentation functions

• No shadowing, anti-shadowing, EMC nuclear effects

• Some PYTHIA6 parameters adjusted to get better agreement with charged hadron multiplicities 
data.
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NuWro: Jan Sobczyk at 3rd FPF Meeting



FSI Model
• Intranuclear cascade:  

  - Propagates particles through the nuclear medium  
 - Semi-classical: includes Pauli blocking, nucleon-nucleon correlation 
 - Implemented for nucleons, pions and hyperons 

• Formation zone can be switched on and off - it is a major effect.  
  - Formation zone (as implemented in NuWro) makes multiplicities  
    much lower (∼ order of magnitude) 
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NuWro: Jan Sobczyk at 3rd FPF Meeting



Charged pions multiplicity

Leading charged pion

Leading proton

Proton (>1 GeV) multiplicity
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Jan Sobczyk at 3rd FPF MeetingNuWro:

• Multiplicity • Leading Hadron Energy

1 TeV  CC Interactions on W targetνμ



Alfonso Garcia at 3rd FPF Meeting
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GENIE:



Alfonso Garcia at 3rd FPF Meeting

Cross Section Models

GENIE:
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Hadronization

• Several aspects are being currently study:  
- Effect of nucleon and nuclear PDFs.  
- Heavy quark contribution in the Structure Functions.  
- Parton showers using >LO formalism. 
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Alfonso Garcia at 3rd FPF MeetingGENIE:



Leading charged hadron

Leading neutral hadron

- Bodek-Yang: Default model  
  used by long baseline  
  experiments 
  Includes FSI  
 
- CSMS: Default model used  
  by neutrino telescopes 
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Alfonso Garcia at 3rd FPF MeetingGENIE:

• Multiplicity • Leading Hadron Energy
1 TeV  CC Interactions on W targetνμ



Paola Sala at 3rd FPF Meeting

• Generators of neutrino-nucleon interactions: QE, RES, 
DIS

• Embedded in FLUKA nuclear models for Initial State 
and Final State effects

• Products of the neutrino interactions can be directly 
transported in the detector (or other) materials 

• Used for all ICARUS simulations/publications  
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FLUKA:

DIS Model
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Paola Sala at 3rd FPF MeetingFLUKA:
Hadronization



0 10 20 30 40 50
multiplicity

0

200

400

600

800

1000

1200

1400
multi

Entries  10000
Mean    8.188
Std Dev     3.703

0 100 200 300 400 500 600 700 800 900 1000
Ekin (GeV)

0

100

200

300

400

500

600

700

emaxh
Entries  10000
Mean    146.4
Std Dev     136.7

Charged hadrons with E> 1 GeV Leading charged hadron

15/18

Paola Sala at 3rd FPF MeetingFLUKA:

• Multiplicity • Leading Hadron Energy

1 TeV  CC Interactions on W targetνμ



• Quantum-Kinetic Theory and Event Generator 
based on a BM solution of Kadanoff-Baym equations, allows for off - shell propagation 

• GiBUU propagates phase-space distributions, not particles

Ingredients
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GiBUU: Ulrich Mosel at 3rd FPF Meeting



• FSI sets in below 1.5 GeV kinetic energy

• Consequence of “Avalanche Effect” where initial 
nucleons collide with others on the way out of the 
target.
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GiBUU: Ulrich Mosel at 3rd FPF Meeting

1 TeV  CC Interactions on W targetνμ

• FSI Effects on Multiplicity • FSI Effects in Energy Spectra



Summary and Outlook
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Many thanks to generator authors for their contributions!

MC event generators play key role in experiments 

Participation of widely used neutrino Monte-Carlo generators is vital to the success 
of the FPF 

More details coming in the White Paper, includes comparison between different 
generator predictions


