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Current NDK Simulation Capabilities in GENIE
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• GENIE currently generates 11 single 
nucleon, exclusive, decay modes 

• All are 2-body, anti-lepton + meson, 
decay modes 

• GENIE can generate NDK events 
within any nucleus, Ar included 

• Same modes can now be simulated 
directly within a LArSoft module 
calling GENIE, see Tingjun’s talk 

• However, there’s more…

8.3. CHARGED LEPTON - NUCLEUS SCATTERING 125

ID Decay channel Current limit (×1034 yrs)

0 p → e+π0 1.3
1 p → µ+π0 1.1
2 p → e+η0 0.42
3 p → µ+η0 0.13
4 p → e+ρ0 0.07
5 p → µ+ρ0 0.02
6 p → e+ω0 0.03
7 p → µ+ω0 0.08
8 n → e+π− 0.2
9 n → µ+π− 0.1
10 p → ν̄K+ 0.4

Table 8.1: Nucleon decay modes simulated in GENIE.

2. Generate 100k π++Fe56 events with the π+ kinetic energy distributed uniformly in the [165 MeV,
1200 MeV] range. Use default seed number.

$ gevgen_hadron -n 100000 -p 211 -t 1000260560 -k 0.165,1.200

3. Generate 100k π++Fe56 events with the π+ kinetic energy distributed as f(KE) = 1/KE in the [165
MeV, 1200 MeV] range. Use seed number 10010 and production-mode verbosity level (all message
thresholds set to warning).

$ gevgen_hadron -n 100000 -p 211 -t 1000260560 -k 0.165,1.200 -f ’1/x’

--seed 10010 --message-thresholds Messenger_laconic.xml

8.3 Charged Lepton - Nucleus scattering

[to be added in future revision]

8.4 Nucleon decay

The simulated nucleon decay modes are given in Tab.8.1. The primary decay is simulated using a
phase-space-decay generator. For bound nucleons, the nuclear environment is simulated as in neutrino
scattering. The nucleon is assigned a Fermi momentum and removal energy and it is off the mass shell.
The propagation of decay products is simulated using an intranuclear cascade Monte Carlo.

[expand]

8.4.1 The gevgen_ndcy event generation application

Name

gevgen_ndcy - A GENIE-based nucleon decay event generation application.

From GENIE Physics & User Manual  
(arXiv:1510.05494)



Current status of NDK searches 
Numbering scheme and limits in PDG

Citation: K.A. Olive et al. (Particle Data Group), Chin. Phys. C, 38, 090001 (2014) and 2015 update

6BERNABEI 00B looks for the decay of a 128
53 I nucleus following the disappearance of a

proton in the otherwise-stable 129
54 Xe nucleus.

7 EVANS 77 looks for the daughter nuclide 129Xe from possible 130Te decays in ancient
Te ore samples.

8This mean-life limit has been obtained from a half-life limit by dividing the latter by ln(2)
= 0.693.

9 FLEROV 58 looks for the spontaneous fission of a 232Th nucleus after the disappearance
of one of its nucleons.

p MEAN LIFEp MEAN LIFEp MEAN LIFEp MEAN LIFE

Of the two astrophysical limits here, that of GEER 00D involves consider-
ably more refinements in its modeling. The other limits come from direct
observations of stored antiprotons. See also “p Partial Mean Lives” after
“p Partial Mean Lives,” below, for exclusive-mode limits. The best (life-

time/branching fraction) limit there is 7 × 105 years, for p → e−γ. We
advance only the exclusive-mode limits to our Summary Tables.

LIMIT
(years) CL% EVTS DOCUMENT ID TECN COMMENT

• • • We do not use the following data for averages, fits, limits, etc. • • •

>8 × 105 90 1 GEER 00D p/p ratio, cosmic rays
>0.28 GABRIELSE 90 TRAP Penning trap
>0.08 90 1 BELL 79 CNTR Storage ring
>1 × 107 GOLDEN 79 SPEC p/p ratio, cosmic rays

>3.7 × 10−3 BREGMAN 78 CNTR Storage ring

1GEER 00D uses agreement between a model of galactic p production and propagation
and the observed p/p cosmic-ray spectrum to set this limit.

p DECAY MODESp DECAY MODESp DECAY MODESp DECAY MODES

See the “Note on Nucleon Decay” in our 1994 edition (Phys. Rev. D50D50D50D50,
1173) for a short review.

The “partial mean life” limits tabulated here are the limits on τ/Bi , where
τ is the total mean life and Bi is the branching fraction for the mode in
question. For N decays, p and n indicate proton and neutron partial
lifetimes.

Partial mean life
Mode (1030 years) Confidence level

Antilepton + mesonAntilepton + mesonAntilepton + mesonAntilepton + meson
τ1 N → e+π > 2000 (n), > 8200 (p) 90%

τ2 N → µ+π > 1000 (n), > 6600 (p) 90%

τ3 N → ν π > 1100 (n), > 390 (p) 90%

τ4 p → e+ η > 4200 90%

τ5 p → µ+ η > 1300 90%

τ6 n → ν η > 158 90%

τ7 N → e+ρ > 217 (n), > 710 (p) 90%

τ8 N → µ+ρ > 228 (n), > 160 (p) 90%
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τ9 N → ν ρ > 19 (n), > 162 (p) 90%

τ10 p → e+ω > 320 90%

τ11 p → µ+ω > 780 90%

τ12 n → νω > 108 90%

τ13 N → e+K > 17 (n), > 1000 (p) 90%

τ14 p → e+K0
S

τ15 p → e+K0
L

τ16 N → µ+K > 26 (n), > 1600 (p) 90%

τ17 p → µ+K0
S

τ18 p → µ+K0
L

τ19 N → νK > 86 (n), > 5900 (p) 90%

τ20 n → νK0
S > 260 90%

τ21 p → e+K∗(892)0 > 84 90%

τ22 N → νK∗(892) > 78 (n), > 51 (p) 90%

Antilepton + mesonsAntilepton + mesonsAntilepton + mesonsAntilepton + mesons
τ23 p → e+π+π− > 82 90%

τ24 p → e+π0π0 > 147 90%

τ25 n → e+π−π0 > 52 90%

τ26 p → µ+π+π− > 133 90%

τ27 p → µ+π0π0 > 101 90%

τ28 n → µ+π−π0 > 74 90%

τ29 n → e+K0π− > 18 90%

Lepton + mesonLepton + mesonLepton + mesonLepton + meson
τ30 n → e−π+ > 65 90%

τ31 n → µ−π+ > 49 90%

τ32 n → e−ρ+ > 62 90%

τ33 n → µ−ρ+ > 7 90%

τ34 n → e−K+ > 32 90%

τ35 n → µ−K+ > 57 90%

Lepton + mesonsLepton + mesonsLepton + mesonsLepton + mesons
τ36 p → e−π+π+ > 30 90%

τ37 n → e−π+π0 > 29 90%

τ38 p → µ−π+π+ > 17 90%

τ39 n → µ−π+π0 > 34 90%

τ40 p → e−π+K+ > 75 90%

τ41 p → µ−π+K+ > 245 90%

Antilepton + photon(s)Antilepton + photon(s)Antilepton + photon(s)Antilepton + photon(s)

τ42 p → e+γ > 670 90%

τ43 p → µ+γ > 478 90%

τ44 n → ν γ > 28 90%

τ45 p → e+γγ > 100 90%

τ46 n → ν γγ > 219 90%
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Three (or more) leptonsThree (or more) leptonsThree (or more) leptonsThree (or more) leptons

τ47 p → e+ e+ e− > 793 90%

τ48 p → e+µ+µ− > 359 90%

τ49 p → e+ ν ν > 170 90%

τ50 n → e+ e−ν > 257 90%

τ51 n → µ+ e−ν > 83 90%

τ52 n → µ+µ−ν > 79 90%

τ53 p → µ+ e+ e− > 529 90%

τ54 p → µ+µ+µ− > 675 90%

τ55 p → µ+ ν ν > 220 90%

τ56 p → e−µ+µ+ > 6 90%

τ57 n → 3ν > 0.0005 90%

τ58 n → 5ν

Inclusive modesInclusive modesInclusive modesInclusive modes
τ59 N → e+ anything > 0.6 (n, p) 90%

τ60 N → µ+ anything > 12 (n, p) 90%

τ61 N → ν anything
τ62 N → e+π0 anything > 0.6 (n, p) 90%

τ63 N → 2 bodies, ν-free

∆B = 2 dinucleon modes∆B = 2 dinucleon modes∆B = 2 dinucleon modes∆B = 2 dinucleon modes

The following are lifetime limits per iron nucleus.

τ64 pp → π+π+ > 0.7 90%

τ65 pn → π+π0 > 2 90%

τ66 nn → π+π− > 0.7 90%

τ67 nn → π0π0 > 3.4 90%

τ68 pp → K+K+ > 170 90%

τ69 pp → e+ e+ > 5.8 90%

τ70 pp → e+µ+ > 3.6 90%

τ71 pp → µ+µ+ > 1.7 90%

τ72 pn → e+ ν > 2.8 90%

τ73 pn → µ+ ν > 1.6 90%

τ74 pn → τ+ ντ > 1.0 90%

τ75 nn → νe νe > 1.4 90%

τ76 nn → νµ νµ > 1.4 90%

τ77 pn → invisible > 0.000021 90%

τ78 pp → invisible > 0.00005 90%
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GENIE Incubator Project 
From GENIE’s webpage: www.genie-mc.org
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Genie is hosted by Hepforge, IPPP Durham

Home

Mission Statement
GENIE Collaboration
Policy Documents
Copyright Notices
Citing GENIE

Releases
Incubator Projects

Physics & User manual
Official plots

GENIE Forum
Mailing lists:
  → Users
  → Developers
  → Admin

Getting the code
Installation instructions

Repository browser:
  → Generator
  → Comparisons 
  → Tuning 

Issue tracker
Wiki 
DocDB 

Course

Incubator Projects

[Currently in incubation] - [Graduated from incubation] - [Retired from incubation]

Incubator projects are in-house development activities or community development
efforts led by the GENIE WG Coordinators and overseen by the GENIE board. An
incubator project is the unique route for any physics or software development into any of
the GENIE suite products (Generator, Comparisons, Tuning).

This page serves the purpose of informing the community for the scope and breadth of
the GENIE development programme. Community members that have a wish to
contribute to GENIE and identify the need for a new project are strongly encouraged to
contact the GENIE WG Coordinators who, upon fully defining the scope and
specification, can launch new incubator projects.

Currently in incubation

Project: comparisons_minerva
Description: Implement GENIE / MINERvA data comparisons in the new GENIE
Comparisons/Tuning frameworks. The following data releases will be implemented: PRL 111 (2013)
022502; PRL 111 (2013) 022501; PRL 112 (2014) 231801; PRL 113 (2014) 261802; PRD 92 (2015)
092008; PRD 91 (2015) 071301; PLB 749 (2015) 130-136
Developers: Julia Yarba (Fermilab), Gabe Perdue (Fermilab)
Reporting: STWG
Target release: GENIE/Comparisons v1.0.0
Documentation: internal wiki 

Project: comparisons_consolidate_xsec
Description: Fully integrate the existing bubble-chamber cross-section comparisons into the new
framework to allow a global fit to neutrino cross-section data.
Developers: Costas Andreopoulos (Liverpool/STFC-RAL)
Reporting: STWG
Target release: GENIE/Comparisons v1.1.0
Documentation: 

Project: tuning_proto
Description: Adapt the VALOR oscillation fitting framework and develop a new generic GENIE
tuning framework. Interface the new tuning framework with the event reweighting package (of the
GENIE/Generator product) and the T2K, MiniBooNE, MINERvA and bubble chamber comparisons
(of the GENIE/Comparisons product) and develop prototype model tuning apps.
Developers: Costas Andreopoulos (Liverpool/STFC-RAL), Steve Dennis (Liverpool)
Reporting: STWG
Target release: GENIE/Tuning v1.0.0
Documentation: internal wiki 

Project: tune_deployment_infrastructure
Description: Develop the necessary GENIE configuration system infrastructure to support
deployment of multiple compherensive tunes.
Developers: Costas Andreopoulos (Liverpool/STFC-RAL), Robert Hatcher (Fermilab), ...
Reporting: TCWG/STWG
Target release: GENIE/Generator v3.0.0
Documentation: internal wiki 

GENIE Neutrino Monte Carlo Generator – Hepforge https://genie.hepforge.org/load.php?include=incubator
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Description: Build a generic structure function interface for DIS calculations, where GENIE reads in
pre-calculated structure function values.
Developers: Tom Stainer (Liverpool), Costas Andreopoulos (Liverpool/STFC-RAL), Roberto Petti
(South Carolina), Hugh Gallagher (Tufts)
Reporting: PPWG.
Target release: GENIE/Generator v?
Documentation: internal wiki 

Project: nc_onegamma
Description: Improve modeling of NC1γ production in GENIE.
Developers: Teppei Katori (QMUL), Pierre Lasorak (QMUL)
Reporting: PPWG.
Target release: GENIE/Generator v?
Documentation: internal wiki 

Project: dis_reeval
Description: Re-evaluate the DIS model for use by experiments with Enu > 100 GeV. Attempt to
develop a fully comprehensive DIS model that can describe DIS processes from TeV to few-GeV.
Developers: Jacob Morrison, Joshua Hignight, Kendall Mahn (MSU)
Reporting: PPWG.
Target release: GENIE/Generator v?
Documentation: internal wiki 

Project: Geant4-GENIE hadronic interfaces
Description: Develop a new class in Geant4 to expose portions of the hadronic model to compute
nuclear evaporation and de-excitation. Build and link GENIE to versions of Geant4 that expose this
API. Make modifications to a new version of hN INTRANUKE to take advantage of this API along
with other computations in hN INTRANUKE to produce more realistic and detailed final state
information for a detector simulation, including physically reasonable and plausible definitions of the
nuclear remnant. Allow coupling between hN INTRANUKE and the remnant state computation, and
target only one Geant4 evaporation / de-excitation model for the "Minium Viable Product."
Re-factoring hN INTRANUKE and expanding to multiple Geant4 models is a project for the next
incubator iteration.
Incubation manageer: Gabe Perdue (Fermilab)
Developers: Dennis Wright (SLAC), Makoto Asai (SLAC), Robert Hatcher (Fermilab), Steve Dytman
(Pittsburgh)
Reporting: NPWG
Target release: GENIE/Generator v2.14.00
Documentation: internal wiki 

Project: ndec_channel_additions
Description: An upgrade all GENIE's nucleon decay tool to include all 2-body and 3-body decay
channels listed in PDG and adoption of PDG decay mode numbering scheme. All decays
implemented as phase space decays decays at the moment.
Developers: Michel Sorel (IFIC), Elena Gramellini (Yale), Jennifer Raaf (Fermilab).
Reporting: TCWG.
Target release: GENIE/Generator v2.12?
Documentation: internal wiki 

Project: lhapdfv6
Description: Integrate GENIE with LHAPDF6 and eliminate the optional LHAPDF5 dependency
Developers: Costas Andreopoulos (Liverpool/STFC-RAL)
Reporting: PPWG
Target release: GENIE/Generator v2.12.00
Documentation: internal wiki 

Project: martini_mec
Description: A GENIE implementation of the M. Martini, M. Ericson, G. Chanfray, J. Marteau MEC
model.
Developers: Sara Bolognesi (CEA Saclay)

GENIE Neutrino Monte Carlo Generator – Hepforge https://genie.hepforge.org/load.php?include=incubator
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Current status of the GENIE Incubator Project 
Requirements

• All single-nucleon exclusive decay channels listed in the 2015 update of the PDG will 
be included → 68 modes 

• Decay modes include 2, 3, or 5 generated particles. Approximation: use phase 
space decays for all 

• For stand-alone GENIE applications, keep using gevgen_ndcy executable, now 
expanded 

• Decay mode ID (-m command-line argument) will now range from 1 to 58, to 
match PDG numbering 

• Some mode IDs have both a proton and a neutron sub-mode, to be specified with 
the decayed nucleon PDG argument (-N)  

• Note: corresponding change also needed in LArSoft’s  NucleonDecay_module, 
once these changes make it to a GENIE’s production release   

• Full list of requirements under review by GENIE’s team
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Current status of the GENIE Incubator Project 
Code implementation

• Code changes already implemented in a development branch of GENIE 

• GENIE packages affected: Apps, contrib, Interaction, NucleonDecay, PDG 

• ~1,000 lines of (highly repetitive) code 

• Code changes under review by GENIE’s team 

• Hope to have branch merged with GENIE’s trunk in time for GENIE v2.12 

• Now looking at some validation plots → following slides
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Example validation plots for mode with K0 daughter 
p → μ+ K0, decayed nucleon histograms
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• Proton momentum distribution typically 
up to Fermi momentum, 0.242 GeV in 
GENIE’s RFG model for Ar 

• Small fraction of events at higher 
momenta?

• If I understood GENIE output correctly, 
proton binding energy always set to zero 

• Correct? (Binding energy accounted for 
in Super-K NDK searches)



Example validation plots for mode with K0 daughter 
p → μ+ K0, histograms for decayed nucleon daughters
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• Always two proton decay daughters, as 
expected 

• Average momenta as expected, 
smearing due to Fermi momentum

μ+ K0



Example validation plots for mode with K0 daughter 
p → μ+ K0, histograms for GENIE’s stable final state particles
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• Same number of GENIE’s stable final state particles as number of proton decay 
daughters, and always μ+ and K0 

• Reason: no FSI within nucleus for K0 in GENIE, hence pre-FSI = post-FSI 

• GENIE currently has meson FSI only for π±, π0, K+.  

• This is a list we’d like to help the GENIE team expand, for our NDK studies in DUNE

μ+ K0



Example validation plots for 3-body decay mode 
p → μ- π+ K+, histograms for decayed nucleon daughters
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Example validation plots for 3-body decay mode 
p → μ- π+ K+, histograms for GENIE’s stable final state particles
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• Large fraction of π+’s undergo FSI, producing protons and neutrons 

• No K+ absorbed in 10,000 simulated decays 
• <0.01% at 0.20 GeV/c. To be compared with 0.2% at 0.34 GeV/c. As expected? 

• Also, no π-’s nor gamma rays 
• Do we expect <0.01% π charge exchange or nuclear de-excitation gamma rays, at 

these momenta?

μ- K-

π+
p

n



Conclusions

• GENIE being extended to be able to simulate all single-nucleon, exclusive, 
decay modes that have ever been searched for (according to PDG) 

• 68 modes (current GENIE: 11 modes) 

• Should include all “DUNE-promising modes” according to Maury
+Lisa’s definition (DUNE-doc-1220) 

• Code already exists, now under GENIE review, hopefully will make it into 
GENIE v2.12 → LArSoft 

• This process useful to unveil / re-discover some limitations of GENIE 
nuclear models for NDK searches? 

• Intra-nuclear transport for mesons other than π±,0, K+, nuclear de-
excitation gamma rays?
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