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𝓑aryon Number Violation Searches Using the DUNE Far Detectors
Josh Barrow & Tyler Stokes for the Atmospherics & Exotics Working Group on behalf of the  Collaboration

FD: 4 × 17kt total 14kt active

Adapted from UKRI PPD: DUNE
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“Golden Channel”

QE-like CC Scatters

Adapted from Babu, Dev, & Mohapatra Phys. Rev. D 87, 115019 (2013)
Phys. Rev. D 101, 036008 (2020)

𝜏𝑛→ ത𝑛/(108s)

~Non-SUSY 
GUTs

SUSY GUTs

Two Current Flagship Intranuclear Baryon Number Violating Analyses in DUNE
Proton Decay (𝒑 → 𝑲+ ത𝝂) “Golden Channel”

Tests for unification of fundamental forces at highest energy scales via ℬ violation
post-sphaleron baryogenesis

Neutron-Antineutron Transformation (𝒏 → ഥ𝒏)
Tests for low energy theories of post-sphaleron baryogenesis via ℬ − ℒ violation

𝝉𝑴 = 𝑹 ⋅ 𝝉𝒏→ഥ𝒏
𝟐

DIS-like NC Scatters
𝝂

𝒑 → 𝑲+ ത𝝂 & 𝒏 → ഥ𝒏
show powerful
topological,

particle content,
& kinematic characteristics

which can be uniquely exploited by 
LArTPCs

Exceptional Topological Signatures

≡
fertile grounds for

(Deep) Machine Learning Methods
for signal & background discrimination

Both rare process signals will suffer from persistent atmospheric neutrino backgrounds
Signal & backgrounds must be well modeled (w/uncertainties) to understand expectations in LArTPCs with low hadron thresholds

See poster from Henrique Souza for more on atmospheric neutrinos in the DUNE Far Detectors!

ML analysis methods can be biased by our models of Nature—Analysis tools must maintain performance
Need to be especially careful in the context of unknown BSM physics, remaining relatively agnostic to a central value model

Can conservatively estimate our ignorance by iterating over many potential nuclear model configurations which Nature might take
Robust testing requires that any analysis method remains relatively stable across these iterations—hopefully will be able to understand Nature’s behavior
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Simulation
Initial State
Both 𝒑 → 𝑲+ഥ𝝂 

and 𝒏 → ഥ𝒏

Nuclear models of Fermi motion for intranuclear nucleons in 40Ar: 𝐁𝐑, 𝐄𝐒𝐅, 𝐋𝐅𝐆FSI Models: 𝐡𝐀, 𝐡𝐍

From T. Golan
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Lower final state 𝑲+ KE can 

adversely affect signal efficiencies
Must understand modeling systematics!
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Preselection Cuts→BDT Input

Improve PDK signal quality, reduce backgrounds

BDT Training & Testing
Using 16 reconstructed 

kinematic & PID variables
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EPJC 81 (2021) 4, 322

𝒑 → 𝑲+ ത𝝂 Analysis Update: Current Boosted Decision Tree Progress & Future Work in NuGraph
New 𝒏 → ഥ𝒏 analysis underway in A&E group—new ത𝑛𝑁 branching fractions in GENIE! Stay tuned! Past BDT+CNN Work: EPJC 81 (2021) 4, 322
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𝟏 candidate event per 𝟒𝟎𝟎𝐤𝐭 ⋅ 𝐲𝐫

𝟎. 𝟏 candidate events per 𝟒𝟎𝟎𝐤𝐭 ⋅ 𝐲𝐫

𝒑 → 𝑲+ ത𝝂 

BDT ROC Curves from PDK Testing Samples
hA LFG BDT Structure Optimized

Total PDK Signal Efficiency
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NuGraph2 Training on hA LFG Sig:Bckgr 40k:40k

This document was prepared by DUNE Collaboration using the resources of the Fermi National Accelerator Laboratory (Fermilab), a U.S. Department of Energy, Office of Science, HEP User Facility. Fermilab is managed by Fermi Research Alliance, LLC (FRA), acting under Contract No. DE-AC02-07CH11359.

Future: NuGraph2
State of the art graphical 

neural network
Works on hit level for 

semantic particle labeling
Binary classification of 

signal & background
Tyler Stokes

Louisiana State University
Graduate Student

V Hewes—NuGraph2 Overview–CHEP 2023
NuGraph2 Workshop—FNAL 2023
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