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GENIE overview

GENIE (Generates Events for Neutrino Interaction Experiments ) is
a ROOT-based Neutrino Monte Carlo Generator

GENIE has already being adopted by the majority of neutrino
experiments

Long-term Short-term GENIE R 2.12.8
Neutrino Types all all all

Targets all all all
Energy ∼1 MeV few-GeV ∼100 MeV

to ∼1 PeV boundary to few hundred GeV

Challenges: boundary between the non-perturbative and
perturbative regimes; lack of data, ...
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Downloading & Installing GENIE

Download: http://www.hepforge.org/downloads/genie

GENIE manual: https://arxiv.org/pdf/1510.05494.pdf
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Nuclear Physics Model

The relativistic Fermi gas (RFG) nuclear model is used for all
processes and all nuclei (mass density, De Vries1987)

Scattering kinematics: nucleus in nuclear matter (Pauli blocking is
applied in quasi-elastic and elastic scattering; a nuclear modification
factor is included, Bodek2003)

Nuclear reinteractions: struck nucleus will de-excite by emitting
nuclear fission fragments, nucleons, and photons (Oxygen, 3-10MeV
at water Cherenkov detectors, Kobayashi2005)
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Cross section Model

Quasi-Elastic Scattering: νN → `N ′, Smith1972

Elastic Neutral Current Scattering: neutrino - proton &
anti-neutrino - proton, Ahrens1987

Baryon Resonance Production: neutral/charged current, Rein1981

Coherent Neutrino-Nucleus Scattering: neutral/charged current,
Rein1983

Non-Resonance Inelastic Scattering, Bodek2003

Quasi-Elastic Charm Production, Kovalenko1990

Deep-Inelastic Charm Production, Aivazis1994

Inclusive Inverse Muon Decay, Bardin1987

Neutrino-Electron Elastic Scattering, Marciano2003
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Neutrino-induced Hadron Production

Hadronization model detemines: final state particles, natural of
neutrino-nucleon interaction, event kinametics

Low invariant mass: AGKY model, generates: hadron shower
particle content (p, n, π,K ), hadron 4-momenta, hadron system
decay

High invariant masss: PYTHIA model, generates high-energy
collisions
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Intranuclear Hadron Transport

Hadrons produced in the nuclear environment may rescatter on their
way out of the nucleus, and these reinteractions significantly modify
the observable distributions in most detectors.

GENIE uses subpackage INTRANUKE which simulates rescattering
of pions and nucleons in the nucleus

Hadrons produced in by neutrino interaction often have a FSI (final
state interactions)

GENIE uses 2 FSI models: hA and hN
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Realistic Neutrino Flux

GENIE provides a
non-uniform neutrino flux
changing rapidly across the
detector volume

GENIE simulates many
neutrino beams used in
many realistic,
experiment-specific
situations: JPARC, NuMI
(NINOS, NOvA, MINERvA),
...
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Neutrino events
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Non-neutrino events
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Output events analyzed
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