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1. Motivation



Observation: dominance of matter over antimatter in today's
universe

1967: Baryogenesis under Sakharov conditions,
requires baryon number B violating process: nucleon decay?

1970’s: Grand Unified Theories (GUT) predict p — e r°
(and other decay modes)

nucleon decay most promising test

1970’s: Supersymmetry (SUSY): higher proton lifetimes,
new decay modes: p — 7K™ with 7 ~ 1034735 years

focus of this talk

World's best limits by Super-Kamiokande are:
7 (p — etn%) > 2.4 x 103 years

7(p — KT) > 8.2 x 103 years
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https://indico.cern.ch/event/868940/contributions/3815939/
https://indico.cern.ch/event/754031/contributions/3578554/

2. The Deep Underground Neutrino
Experiment (DUNE)



DUNE:

Sanford Underground
Research Facility

Fermilab
goomiles —— g ey

kiometers)

Physics program: accelerator v's (dcp & mass hierarchy),
nucleon decay, supernova v's, nn oscillations, ...
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https://indico.cern.ch/event/868940/contributions/3816954/
https://indico.cern.ch/event/868940/contributions/3816954/
https://indico.cern.ch/event/868940/contributions/3813597/
https://indico.cern.ch/event/868940/contributions/3817172/
https://indico.cern.ch/event/868940/contributions/3813675/
https://indico.cern.ch/event/868940/contributions/3813836/

DUNE:

Sanford Underground
Research Facility

Fermilab

Physics program: accelerator v's (dcp & mass hierarchy),
nucleon decay, supernova v's, nn oscillations, ...

DUNE far detector:

e Four single and dual phase LAr TPC modules, each with:
Miotal = 17 kt, Mactive = 14kt & Migucial = 10kt

e Spatial resolution: ~5mm

e 1500 m underground
e R&D program: 35t, 3x1x1 m3, protoDUNEs (0.8 kt)
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https://indico.cern.ch/event/868940/contributions/3816954/
https://indico.cern.ch/event/868940/contributions/3816954/
https://indico.cern.ch/event/868940/contributions/3813597/
https://indico.cern.ch/event/868940/contributions/3817172/
https://indico.cern.ch/event/868940/contributions/3813675/
https://indico.cern.ch/event/868940/contributions/3813836/

Single Phase LAr TPC (used in this study)

U v V wire plane waveforms

Liquid Argon TPC

Charged Particles

Cathode
Plane

el

e |onization charge and scintillation light recorded in liquid

e 3 readout planes, 3.6 m maximum drift, 150 TPCs per module

e Dual phase LAr TPC: charge amplification in argon gas

— Nucleon decay sensitivity study in progress

ETHziirich 5UNVE



3. Simulation and reconstruction



Signal K* fraction

Focuson p — 7K™

Signal

Nucleon density:
Woods-Saxon distribution

Fermi motion: Bodek-
Ritchie global Fermi gas

Final state interactions
(FSI): hA2018
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https://arxiv.org/abs/astro-ph/0403630
http://www.genie-mc.org/

Signal

e Focuson p — 7K™

- Nucleon density:
Woods-Saxon distribution

- Fermi motion: Bodek-
Ritchie global Fermi gas

- Final state interactions
(FSI): hA2018

Background

e Atmospheric neutrinos

- Bartol flux + GENIE
x-sections & nuclear model

— u, e, mp, n vy K X ..
- Most events below 1 GeV

- no si

ngle kaons!

Expected interactions:

s  GENIETune 618 022 02 112
;,; After FSI
§ Scattered vy 1038 398 1436
2
%] vy 280 169 449
Ve 597 206 803
Ve 126 72 198
150 200 250 300 Total 2041 845 2886
Signal K* kinetic energy [MeV]
ETHzirich =


https://arxiv.org/abs/astro-ph/0403630
http://www.genie-mc.org/

Drift distance [cm]

e Validated LAr TPC simulation and reconstruction in LArSoft
(*below is a dual phase LAr TPC event display for p — DK™, the
principle is the same for single phase LAr TPCs)

ADC counts
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Reconstruction:

1. Hit finding

2D pattern
recognition

3D track and shower
reconstruction
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https://larsoft.org/

e Validated LAr TPC simulation and reconstruction in LArSoft
(*below is a dual phase LAr TPC event display for p — DK™, the
principle is the same for single phase LAr TPCs)

ADC counts
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https://larsoft.org/

4. Analysis and results



e Goal: lower limit on 7 (p — K ™) at ~0 background
— Strategy: identify 3D tracks of K and decay products
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e Goal: lower limit on 7 (p — K ™) at ~0 background
— Strategy: identify 3D tracks of K and decay products

Particle identification

e Particle ID variable:
PIDA = <(dE) - Rﬂ}‘t‘2>
ds / nit

) proton
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— Kaon-proton confusion
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e Goal: lower limit on 7 (p — K ™) at ~0 background
— Strategy: identify 3D tracks of K™ and decay products

Particle identification

e Particle ID variable:

PIDA<<dE) .Rg}§2>
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— Kaon-proton confusion
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— 'CprJr = Ltorw + Lbackw
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Event classification
1. Preselection: > 2 reco tracks and longest reco track < 100 cm

2. Boosted Decision Tree (BDT): PIDA, £,_x+, Eis, event
display convolutional neutral network score, Nracks, -
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Event classification
1. Preselection: > 2 reco tracks and longest reco track < 100 cm

2. Boosted Decision Tree (BDT): PIDA, L,_k+, Euis, event
display convolutional neutral network score, Ntyacks, ---

.signa\
@ background

Arbitrary Units

0.35 0.4 0.45 0.55 0.6 0.6

BDTrgfponse
— € =15% & 1 background
event (BE) in 1mt - yrs
e ¢ = 30% with improved reco
— 7(p = 7KT) > 1.3x10* yrs
© 90 % CL after 400kt - yrs
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Event classification
1. Preselection: > 2 reco tracks and longest reco track < 100 cm

2. Boosted Decision Tree (BDT): PIDA, L,_k+, Euis, event
display convolutional neutral network score, Ntyacks, ---

Arbitrary Units

0.35 0.4 0.45

.signa\
@ background

0.5 0.55 0.6 0.6
BDT response

— € =15% & 1 background

event (BE) in 1mt - yrs

e ¢ = 30% with improved reco
— 7(p = 7KT) > 1.3x10* yrs

© 90 % CL after 400kt - yrs

Other decay modes
en—e K e=41%&
15 BE in 1mt - yrs
— 7> 1.1x10%yrs
© 90 % CL after
400kt - yrs

e p— e+7r0
— Monte Carlo truth study,
energy smeared
7> (0.9 —1.1) x 103*yrs
© 90 % CL after
400kt - yrs
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Summary

e Nucleon decay searches can test Grand Unified Theories,
Supersymmetry and Baryogenesis

e DUNE will be competitive for favored SUSY decay channel:
7(p — vKT) > 1.3 x 103* yrs @ 90 % CL after 400kt - yrs

e DUNE complements searches by Super- & Hyper-Kamiokande
and JUNO, offers unique high-resolution imaging capabilities:
ADC counts
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Thank you!



