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Deep Underground Neutrino Experiment - DUNE

Sanford
Underground Fermilab
Research Facility

NEUTRINO
PRODUCTION

/[ UNDERGROUND PARTICLE
PARTICLE DETECTOR DETECTOR

Baseline: 1,300 km from Fermilab to the Sanford Underground Research Facility (SURF).
Detectors: A Near Detector (ND) at Fermilab and a Far Detector (FD) using liquid argon time projection chamber

(LArTPC) technology.
Physics Goals: Measure neutrino oscillations, search for CP violation in the lepton sector, determine the neutrino mass

ordering, and investigate rare phenomena such as proton decay and supernova neutrinos.
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Deep Underground Neutrino Experiment - DUNE

Calendar Years LBNF/DUNE Summar\/ SChedUIe Jan 2026
2025 2026 2027 2028 2029 2030 2031 2032
* M1: Start of far site aiJaz]a3fasfaifaz]a3l[asflar]a2]a3]as|ai]a2]a3]as|ai]az]a3]as]ai|az]a3]as|ai]az]a3]as|a1]az]a3]as
I I
cryostat construction * M1 * M2

Cavern Outfitting;

M2: Far site conventional
facility transition to
operations complete

M3: Start of far
detector construction

Cryostat Construction and Installation of Far Detectors

Ma4: First far detector
transition to
operations complete

Beamline Component Fabrication and Procurement

i,

Beamline Installation
Near Detector Construction

M5: Start Beam-based

. MS5: Start Beam-
science

based science

« Building and moving detector to FD Cavern now
« Detector construction started!
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Korea DUNE Members

Members of DUNE New Members Since the last

U K-Neutrino Symposium

0@ Chung-Ang University
. CA’ CAU Neutrino LAB (CAU NULA)
Prof. Kim Siyeon

SEOQULTECH
Prof. Myeonghun Park

"/H LR \
PostDoc Sunwoo Gwon (FD4 R&D, WbLS)
Ph.D student Juseong Park (ND analysis) Jeju Univ.
J\EJ Prof. YoungJu Ko
Master’s student | Hokyeong Nam (FD ProtoDUNE)
Sunhong Kim (ND analysis)
Yujin Park (FD ProtoDUNE)

’" I“ Jeonbuk Univ.

@ Prof. Seodong Shin

Hanyang Univ.
Prof. Sungbin Oh
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Wire-Cell Event Reconstruction for ProtoDUNE

)
° ° : : . S ©
: DNN Signal Processing and 3D Imaging Validation - m
=) DEEP UNDERGROUND
Yujin Park!, Hokyeong Nam!, Siyeon Kim!, Juseung Park’, Sunhong Kim? ) & Ea[igrghbnggg NN EPERAENE
(*Department of Physics, Chung-Ang University) Trrns

NN-Based ROI Findin,

+ The Deep Underground Neutrino Experiment (DUNE) is a currently under . fficient performances
construction long-baseline neutrino oscillation experiment with 1300km. FDHD events: 470{train), 60(Val), enﬂesd
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0@ Chung-Ang University
A’ CAU Neutrino LAB (CAU NULA) B | 1F90 T

- Multi-wire Readout System £1-
- Tomographic principle(Projective wire planes) » Knowledge Distillation

= U-Net / Nested U-Net / Transformer U-Net [Teachersl d
. are the i i of the DUNE FDs at CERN Neutrino Response Distillation (A) o
\ Platform. It tested the per and ion of each L = aBCE(w(s). ¥} + (1 =a) T? BCE(o(s/T). o (1/T)) " II
Feature Distillation (8, C) o
4/ g \ e Secand fun (2020 e B (1 -7 BES(o T T Mol ANINIE

2 actwe vosume: with 4 TRE modules
- 2 active volumes with & TPC madules. 2 active volumes with 8 TPC medules

PO - ProteDUNE Single Phase.
(P0-5#) (Po-HD)

.\'Hﬂ.

(Po-vD) 5 -

 Best model: Transforme feature distilled model
> Integrated into the afficial production chain

* INT8 Quantization

Pst-Training Quantization{PTQ)

Quantization-Aware Training.

Research Activities

R

. : . Wire-Cell
ar Detector — Ire-Ce Ianal Processin " Wi ol s n e Reconstrrt i utzs
plane readout systems in LAITPCs.
« Wire-Cell was firstintroduced at MicroBooNE as a prototype, and now are
being ported as a generalized software, called Wire-Cell-toolkit

Yujin Park, Hokyeong Nam ——

S, ZOstmizston and Improvements 1D 3D Reconstructing 3D Blob
>AIfMI based approaches + Time,Charge, and Geometry
Wiecn  »Performance Evaluations + Sparsity, Prasimity
« Tilting > Charge solving > De ghosting,

€T u [ ¥ Trnsfommer QATAD modelis served asa
S T Soiy CMOTED 400 w resorc efficiency alternative

based 3D Imaging ion (In Progress)
+ Charge recovery, Position accuracy, De-ghost performance
« Early-stage understanding based on simple point deposits
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« DNN-based ROI finding for signal processing

The most upstream stage: reconstructing charge and time information on wires.

« Improving DNN-based Signal processing performance > 9. LR
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. . . . . * Region-of-interest{ROI) Finding + Event topology dependence Performance S——————
- Targeting Induction planes + Vulnerable at Proleng tracks + Based on this understanding, we can apply it to more complex event topologies.

o ro O I I I Ia I I l Va I a I o I l o I I OI I l - Maximizing S/N Ratio « The overlap of bipolar signals from each + Establish suitable metrics for quantitative evaluation
DNN-based ROI Finding track segment
Conclusion

+ Semantic Segmentation -> U-Net based architecture

‘Wire-Cell is a 3D event reconstruction framework for LAFTPC experiments, and
its application to ProtoDUNE is currently underway.

DNN-based ROI finding improves signal processing performance in a resource-
efficient manner and has been integrated into the official production chain.
The performance of 3D imaging is currently being evaluated.

+ Reduced inference cost via MobileNetV3 encoders

Thanks for BNL Wire-Cell Group and CAU Nula Group.
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Characterizing Pixel-Level Charge Response in .,
a Pixelated LArTPC with MIP dQ/dx iepn O

oeeunoencrouwo  Brookhaven

® ® PARK Juseong ', KIM sunhong | on senalf of DUNE C NEUTRINO EXPERIMENT  National Laboratory
0 re a C I V I ('Department of Physics, Chung-Ang University)
DU LAr Threshold recove

The Deep Underground Neutrino Experiment (DUNE) is a long-baseline 7
experiment designed to study neutrino oscillations, CP violation, and
the neutrino mass ordering using near and far detectors.

The readout threshold suppresses low-charge hits and introduces
threshold-depence on measured raw signals.

We aim to recover the unknown threshold from the observed pixel
O ND-LAr Detector - LArPIX level dQ/dx of MIPs such that we can have a faithful simulation and
understand the neutrino interactions from threshold dependent
raw measurements.

O L1-regularized method for unfolding
S:signal R:response M :measurement
A 1
M=R-S§ — $=argmin|—IIM - RSII3 + allsll,
S20  [2Np
* We tested multiple response models, including Gaussian

: approximations and empirical matrices constructed from point-
DUNE ND-LAr is a modular liquid argon time projection chamber (LAfTPC) charge simulations.

. .
: Chung-Ang University
S
— .
- CAU Neutrino LAB (CAU NULA)

-

designed to measure neutrino interactions in a high-rate environment. It uses « L1-regularized unfolding reconstructs the underlying charge

LArPix pixelated charge readout to enable precise 3D reconstruction of particle spectrum using each response model, allowing their

% \ trajectories. performance to be compared.

/I’ : _
/ y [ “ .Each pixel opgyatesas an independent detector. R(Q Q ) = exp{ (Q Q )}

LAr data is inherently sparse
+ Self-triggering and digitization for each pixel [O(100) keV threshold]
* Only digitize and readout pixels with signals

+ 35 modules with over 14 million channels in total
* 1x1x3m"3 modules
+ 130 tons of LAr i “¢

Resea rCh ACtiVitieS - Each module consists of 2 TPCs

DUNE Near Detector — TRED Simulation
Juseong Park, Sunhong Kim

“ DUNE Workin progress

* We construct the response matrix using point-charge simulations.

* From the unfolded charge
spectrum, we estimate the
DUNEWorkinprogss  effective readout threshold in data.
* The recovered threshold can be
used to improve data-simulation
agreement.
* Four scaled-down modules based on the same technology as the full- O Threshold Flttmg with Convex Hull Clustenng
scale ND-LAr detector, with approximately 330k pixel channels in total.
* Operation of 2x2 ND-LAr in NuMI Neutrino Beam r 1T -

. . . =
* Pixel-level charge response modeling in ND-LAr - Sy demets s pormen i o NS Gt ns ] El
neutrino beam, including the ability to reconstruct interactions in a 081 | DUNE Simulation:
high-occupancy environment 041 | - Work in progress

* 2x2 collected 4.5 days of physics quality data in antineutrino mode at 024
NuMlin July 2024 004

00 o0z o4 o6 o8 - -

« Threshold estimation using unfolding methods

2x2 dataset, 1 muon event Fielicvel 99 e istributi i
) | * Method: Fit the charge distribution of convex-hull hits to

« Data-simulation comparison of charge distributions

DUNE Work in progress |

IDUNE Work in progress

+ TRED is a GPU-accelerated detector response simulation framework with Fitted T
for pixelated LArTPCs. . i «+ Convex-hull-fitted thresholds are applied to
* Itmodels electron drift, diffusion, induced signals, and pixel-level DUNE Workin progress TRED simulations and validated against
readout response. 1 2x2 pixel-level charge distributions.

Residual differences between data and
. simulation suggest that further charge-
¢ iy, response modeling is needed.

* By comparing simulated and measured pixel level dQ/dx distributions,
TRED helps us understand detector response effects and interpret
features observed in data.
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Korea DUNE Activity

wWNE-g o sy
N\ Ye Research Activities

mc‘kl/@ DUNE Cold Electronics Hardware : COLDATA, LATASIC, FEMB

4/,““%\\ Collaboration with BNL Electronic Detector Group

« Cold electronics chip testing for the DUNE Far Detector

« Robotics testing

Technical note in DUNE database :
Comprehensive QC Testing and Data Analysis of Cold Electronics

ASICDAC_CALI_CHK Total Power per Chip ASICDAC_CALI_CHK - Combined Total Power

. CDO 604 ,-’:-\ --- Fit u=199.57, 0=3.75
- CDO Fit u=198.56, 0=3.55 H \‘ ----- Mean 199.57
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DUNE Talk in NNN

4 Oral Talk

2 Poster Talk

Thursday, October 29
« 08:00-08:20 | The DUNE Near Detector: Design and

Current Status

« 08:20-08:40 | The DUNE Far Detector Module 3:
Technology & Physics Prospects

« 08:40-09:00 | Development and Characterization of
the Photon Detection System for DUNE Experiment

Friday, October 30
08:30-09:00 | Rhiannon Smith-Jones
The Deep Underground Neutrino Experiment (DUNE)

Wednesday and Thursday

» Pixel-level charge response in ND-LAr
«  Wire-Cell reconstruction for ProtoDUNE

AW 32
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K-DUNE meeting 10/30

16:00

17:00

18:00

19:00

[Satellite] DUNE Introduction and Q&A

Rm 106, CAU R&D Cenier (Bldg 102}

[Satellite] K-DUNE Introduction
Rm 106, CAU R&D Center (Bldg 102)

[Satelite] Past and Future Contribution to DUNE

Rm 106, CAU R&D Cenier (Bldg 102}

[Satellite] Proposals of New Contribution to DUNE

Rm 106, CAU R&D Center (Bidg 102)

[Satellite] Round-Table discussion

Rm 106, CAU R&D Cenier (Bldg 102}

David Newbold et al.

16:00 - 16:40

Kim Siyeon

16:40 - 17:00

Kim Siyeon et al.

17:00 - 1765

18:10 - 19:00

19:00 - 19:30

DUNE Spokespersons Sowjanya Gollapinni and David Newbold attends this meeting

Anyone who has interest with DUNE is welcome!
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K-DUNE Collaboration

K-DUNE Annual Meeting
Last meeting: December 2025

The annual K-DUNE meeting will be held again at the end of this year

More details will be announced soon.
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Summer DUNE camp at JEJU
July 13 to July 24, 2026
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DEEP UNDERGROUND
m— NEUTRINO EXPERIMENT
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