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Deep Underground Neutrino Experiment NEUTRINO EXPERIMENT

Sanford
Underground = ~
Research e N T
Facility s 1300 itometers - >

Fermilab

LBNF/DUNE Schedule Summary Overview Either this or
Oct-15 summary slide

ZD-1Refresh Mar-16 Jan-19 Dec-19 e Apr-27
Approval CD-3a Approval CD-3b ApprovalCD-2/3c Approval Critical paths DOE CD-4 Approval
at each site

Conventipnal Facjlities Prelim & Final Design shown in red
CERN[Test

Initial §SCF Construction
‘aste Rpck Handling

Excavation and UGI Cavern 1-4

R C rypstat #1-2 Construction
Install Detector #1-2

PP22722772222722227) Cryostat #3-4 Construction
TPC Test,
Cryogenics Equipment
WLl

NND Design, Procrl-reﬁ
CF Preliminary & Final Design =

Fill & Commission Det #1-2

DUNE Collaboration
CommisdonDeths-d) over 1300 members

CF Beamline Facilifes from over 200 institutions
P27 2222222277227l lZ 2722222 NND Assembly . .
for Hall in over 30 countries

CF Near Deted}
Insta|l Beamline systems
[ Partial Assembly|on Surface at FNAL
& Comm ND in Hall

NEARSITE ' FARSITE

Korean members of DUNE Collaboration
(20224 10 1K)

- DOE Activity Start Full Scale Mock-up t #1 Commissioned Beamline Complete
Cryostat #1 Ready for

[EZZZE 0Ok 2nd Non-DOE Activity Detector Installstion NO Hall Beneficial

P v 00k i fscomeniont  Conpine - DetBECOMRGne =% (CAU, Ph.D =td), ZAIH(CAU, IR), LM S(IBNU, IR),
e MM (CAU, Senior), HEM|(CAU, IR), =7|$(CAU, IR)

Near Detector Complete

2022-11-18 KSHEP Fall 2022 | Kim Siyeon 4



|
Kirk Road

Protons From
Existing Main

Main Injector:
Accelerator

Injector.
Production of
Neutrinos
(680-Foot Tunnel)

|
Absorber Hall
(94 Feet Deep)

Neutrinos to
South Dakota

Near Detector
{183 Feet Deep)

¢~ DUNE v disappearance

DUNE v, disappearance

;150 Kt-MW-yr v mode 150 kt-NIW-yr v mode
prbE o b0 i
b :'i :‘:i:dévcgc : v :;cwn:c
% v o Vp —— COR Reference Design 3 2501 i 4, v —— GOR Reterence Design
I ' wases Optimized Design o wesss Optimized Design
1 i 0
o o
Pt 2
w w4
_ 1000
2
i Ramping plan
g wo ping p s 4 5 6 T 12 3 4. 5 6 71 ¢
% 400 Reconstructed Energy (GeV) Reconstructed Energy (GeV)
200
0
0 1 2 3
Years after CD-4
2022-11-18 KSHEP Fall 2022 | Kim Siyeon

c &' CHUNG-ANG UEWERSITY
HIGH ENERGY PHYSICS




2018:
ProtoDUNEs

at CERN

2019: FD
TDR

Excavation
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2022
2023:
Installation
of first
module

2020:

starts

Mass Ordering Sensitivity
10
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9F-All Systematics
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First physics
data: Atm,
SN, & solar

2026: ND &
Neutrino
beam
available

neutrinos.
Proton
decay.

Calibration

CP Violation Sensitivity
5
DUNE Sensitivity (Staged) TDR Staging (no ramp)
4.5 All Systematics
Normal Ordering s Noainal PPl remp
45 =12 - FastPIP-ll ramp
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ND Complex ( 574 m from target hall, 60 m
from surface )

- Liquid Ar Time Projection Chamber

- HP Gas Ar TPC with magnet and ECAL
(MPD)

- System for on-Axis Neutrino Detection
(SAND)

2022-11-18

1300 Kilome’

=
ters —

Near Detector

- Prediction of neutrino flux at FD
w/o oscillation

- Control of systematics

- Study neutrino interaction with
Ar, CH

Fermilab
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~ DUNE-PRISM

Technique
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Far Detector

- Measurement of neutrino
events (w/ oscillation )

Non-accelerator Physics Program
- Nucleon decay
- Atmospheric neutrinos
- Supernova neutrino bursts

- Lorentz invariance and CPT violation

- Astrophysical Neutrinos, e.g., solar
neutrinos, diffuse supernove
background, and etc.

Facility 4300 Kilome
—

ters
v

4850 Level

Excavation of LBNF/DUNE caverns

Ross Headframe
7 Rock crusher

o
Former
mining area

~

Renovated
Ross Shaft

SN Rock route
/77 Space to be excavated

Distances are not to scale.

LBNF/DUNE
cavern excavation
(drill + blast)

Long-Baseline Neutrino Facility
South Dakota Site Neutrinos from
Fermi National
‘ Accelerator Laboratory
in lilinois

Ross Shaft
1.5 km to surface

Facility
and cryogenic
support systems

One of four
detector modules of the
Deep Underground
Neutrino Experiment
4850 Level of
Sanford Underground
Research Facility

- 40-kt Liquid Ar time projection chamber (4 x 10 kt)

- 4850 level (4300 mwe)

- The largest cryogenic instrument ever (89K)

- ProtoDUNE at CERN

- Single-phase and deuble-phase-detectors, 2+1+1 (-> Vertical-Drift LAr TPC) —> HD and VD
- The first module will be single-phase. The installation begins in 2022.

- Technical Design Report available.

2022-11-18
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First physics
data: Atm,
SN, & solar

2026: ND &
Neutrino
beam
available

? o
2018: 2020 2022(?):

ProtoDUNEs ZOTlngFD Excavation Installation

at CERN starts of first
module

neutrinos.
Proton
decay.

Calibration

DUNE Phase|] [DUNE Phasell]
) . ( )
2 Far Detectors : Horizontal Drift (HD) ] Staged year
= : . — FD3 +FD4
| e URe (D) LA k 1(2026) with 20 kt-1.2MW
( . ( | 2 (2027) with 30 kt-1.2 MW
W (e e — ND-Gar replaces TMS. .
ND LAr + TMS + SAND + PRISM 4 (2029) with 40 kt-1.2 MW
f ) 7 (2032) with 40 kt-2.4 MW
— 1.2 MW beam power ] — 2.4 MW beam power (& J

DUNE Day 1 : When FD1 is filled and turned on, Science begins.
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Korean DUNE Activities

e 2016.05 CAU joined DUNE Collaboration

e 2017 ~ 2018 ProtoDUNE L-Ar TPC Single Phase
Cold Electronics Module test

e 2018 ~ 2021 3DST Working Group,
3DST (3-dim Scintillator Tracker) for SAND/ND
- Joint consortium with T2K SuperFGD Group
- Prototype LANL Neutron beam test 2019 & 2020

* 2022

e« 2023.01~ ProtoDUNE HD Data Analysis
ProtoDUNE VD Cold Electronics

* ProtoDUNE II: Closing TCO in 2022.11, filling LAr in early
2023, OPS for 2023.06 to 2024.07
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COOPERATIVE RESEARCH AND DEVELOPMENT AGREEMENT
FOR
BASIC SCIENCE COOPERATION

(HEREINAFTER “CRADA™) NO. FRA-2017-0044

BY AND AMONG

FERMI RESEARCH ALLIANCE, LLC
UNDER ITS US. DEPARTMENT OF ENERGY CONTRACT
NO. DE-AC02-07CH11359
'O MANAGE AND OPERATE
FERMI NATIONAL ACCELERATOR LABORATORY
(HEREINAFTER “LABORATORY™)

AND

CHUNG-ANG UNIVERSITY

FOR LABORATORY: FOR PARTICIPANT:

Nume: Dr. Kim Chang Soo
Title: President, Chung-Ang University

Name: Dr. Nigel S. Loc
Title: Director of Fer

X/ 30 20/ :
Date: November 30, 2018 Date: MOV 4 Jf
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NEUTRINO EXPERIMENT

« MMFE=):
Prospects for beyond the Standard Model physics searches at the Deep
Underground Neutrino Experiment, Eur.Phys.J.C 81 (2021) 4, 322,
Boosted dark matter search & & 7|0

- HEZ(EY):
Deep Underground Neutrino Experiment (DUNE) Near Detector Conceptual
Design Report, Instruments 5 (2021) 4, 31,
Neutron detection from antineutrino events in the 3DST, £A4 A0t =2 X & 7|0

- HI|F(EY):
Muon antineutrino CC 1 neutral pion interaction selection using the
invariant mass, DUNE-doc-23681-v1, Technical note &/

. A=(FY):
Neutron detection and application with a novel 3D projection scintillator tracker in
the future long-baseline neutrino oscillation experiments Submitted to APC in
D U N E preprint for arXiv

Neutron detection and application with a novel 3D projection scintillator tracker in
the future long-baseline neutrino oscillation experiments

S. Gwon,! G. Yang.? S. Bolognesi,> T. Cai,* A Delbart,®> A. De Roeck.® S. Dolan,® G. Eurin.? S. Fedotov,®
G. Fiorentini Aguirre,” R. Flight,* R. Gran,® P. Granger,® C. Ha,! CK. Jung,? K.Y. Jung,'
S. Kettell,” A. Khotjantsev,® M. Kordosky,'” Y. Kudenko.® T. Kutter,'! J. Maneira,'? S. Manly,*
D. Martinez Caicedo,” C. Mauger,’* K. McFarland,* C. McGrew,? A. Mefodev,® O. Mineev,®
D. Naples,'* A. Olivier,* V. Paolone.'* S. Prasad,!! C. Riccio,? J. Rodrigeuz,” D. Sgalaberna,'®
A. Sitraka,” K. Siyeon,! H. Su,** A. Teklu,? M. Tzanov,'* E. Valencia,'" K. Wood,? and E. Worcester?

14
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preprint for arXiv

Neutron detection and application with a novel 3D projection scintillator tracker in
the future long-baseline neutrino oscillation experiments

H H H . S. Gwon,! G. Yang,? S. Bolognesi,® T. Cai,* A.Delbart,® A. De Roeck,” 8. Dolan,® G. Eurin,? S. Fedotov,®
N e utrl n O_ n u Cle US I nte ractl O n . n u _Ar, n u - C ) H G,. Fiorentin; Aguirre,” R. l“ﬁght,‘ R. Gran,® P. Granger,® C. Ha," C.K. Jung,” K.Y. Jung,*
S. Kettell,” A. Khotjantsev,® M. Kordosky,'” Y. Kudenko,” T. Kutter,'" J. Maneira,'? S. Manly,*

CO H y Q E, R ES’ D I S D. Martinez Caicedo,” C. Mauger,13 K. I\’IcFa.rland,4 C.l McGrew,? A Mefodev,% O. Mineev,ﬁ

D. Naples,'* A. Olivier,* V. Paolone,'* S. Prasad,'' C. Riccio,? J. Rodrigeuz.” D. Sgalaberna,'®
A. Sitraka,” K. Siyeon,! H. Su,'* A. Teklu,? M. Tzanov,!! E. Valencia,'” K. Wood,? and E. Worcester?

Neutrons in final states: oo

1 1 1 1 H -4 gt 0.35 E— | ?EE
Missing energy in neutrino detection y T ==
1 E|

0.25 -

Neutron identification:
- Event-by-event Energy Reconstruction g

0.20fF

onl%ﬂo"'cn_lzle_ey)
®

0.15F
30'4 nAmf__
2

0.05fF

= .
0.00 B B T L L 0 L L 0 L R . L . 8 §

3-dim Scintillator Tracker:

- DUNE neutrino beam and CH target
- CCQE-like (ccOpi) event analysis

- Low-nu fitting for flux constraint

LANL neutron beam test (3DST & w d
SuperFGD/T2K): L o
- Study of secondary neutrons FIG. 1. Average energy fraction delivred to the primary

neutrons relative to the neutrino energy(top) and the an-
tineutrino energy(bottom). The average ratios E,/E, are
in comparison according to the CC Quasi-elastic (QES), CC
resonant (RES), CC coherent (COH) and CC deep-inelastic
scattering (DIS) interaction modes.

0.40

EJE,

0.35F

0.30

0.25fF
0.20F
0.15

0.10f

uusj
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Neutrino Interaction Physics &
the DUNE Near Detector

Mateus F. Carneiro on behalf of the DUNE Collaboration
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Neutrino Interaction Physics &
the DUNE Near Detector

Mateus F. Carneiro on behalf of the DUNE Collaboration
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Free Initial Nuclear Extra Nuclear Fina'l State
Nucleon State Effects Interactions (FSI)

- 4
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R(R) = ®(E,) x o(E,, %) x e(X) X P(va — vg)

Final state particle content does not isolate
initial interaction type!



Neutrino Interaction Physics &
the DUNE Near Detector

Mateus F. Carneiro on behalf of the DUNE Collz
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Neutrino Interaction Physics &
the DUNE Near Detector

Mateus F. Carneiro on behalf of the DUNE Collaboration

Charged-current quasi-elastic scattering - the “golden channel”

25

Vi

30

cm

W+

Run 3493 Event 27435, October 23rd, 2015

Simple final state - just a muon and a nucleon

Conserve energy and momentum: calc
ulate Q2and E, just from muon kinematics
? ? ?

E?X|E _ mlzo- (mn- Ep)?- mﬁ+2(mn- Eb)E,
(

2(mnp- Ep- E, +py COSV))
in a nucleus; binding energy E»= 28 MeV for argon)
Why is this useful?

® Muon has constant dE/dx (minimum-ionizing particle)
Long, clear track: easy to measure E, and 6,

v case - neutron hard to detect (neutral)

Not affected by final-state interactions

® Nucleons can re-interact in the nucleus.

What about anti-muon neutrinos?
What about neutrons?



BSM Physics in Neutrino Experiments

uoaAis wiy | zzoz (14 dIHSH

Neutrino-sector BSM Non-neutrino-sector BSM

*  Beyond 3 neutrino * (Light) dark matter

flavors (e.g., sterile search

neutrinos) (Light) mediators or

Non-standard portal scenarios

interactions of (e.g., dark photon,

neutrinos axion-like particles)

Doojin Kim, Texas A&M University HEP Seminar at CAU

2022-11-18




DUNE Timeline

d Phasel

uoaAls wiy | 220z |14 dIHSH

Two far detectors —

ND-LAr (Movable) e » leptophilicmediators
TMS (Movable) + SAND :
—e Cosmogenic boosted dark matter (BDM)
1.2 MW beam power

d Phase Il

o More far detectors e——-
o ND-GAr (Movable, Replacing TMS) «——— Axion-like particles (ALP)
o 2.4 MW beam power

L Proposed off-target mode e——— Low-mass dark matter (LDM)

Doojin Kim, Texas A&M University HEP Seminar at CAU

2022-11-18 21




Physics Working Groups

hysics Coordinatio
Inés Gil-Botella
Chris Marshall

,% High energy ! FD sim/reco
. Lisa Koerner * Chris Backhouse
N Ye-tee.Jsai Dom Brailsford

F | D ’
7 ?" ]
BSM | ND sim/reco

Justo Martin- Albo & Linda Cremonesi

Long-baseline
Callum Wilkinson
ke Rickering

& Neutrino Interaction
& Cheryl Patrick #°
% Mateus Carneiro 4

DUNE Physics
Working Groups

. & Alex Sousa Mat Muether

T —

Liaisons U "‘:gy Calibration rotoDUNE analysis
Dan Cherdack (ND) Clara Cuesta David Caratelli Leigh Whitehead
Tom Junk (computing) Dan Pershey Mike Mooney Tingjun Yang
E—

Low-energy = 1-10s MeV-scale physics: supernovae, solar, etc.

This group also works with the backgrounds task force,
as natural radioactivity is an important background for LE physics

High-energy = GeV-scale non-accelerator physics: atmospheric neutrinos,

nucleon decay & other signals for which atmospheric neutrinos are a background.
Formerly known as the nucleon decay WG.

BSM = other BSM physics, historically more phenomenologically-oriented.
Steriles, NSI, dark matter, BSM searches at the ND.
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NEUTRINO EXPERIMENT

* Long baseline neutrino oscillation DUNE for CPV phase and
mass ordering measurements.

« Staged year one is 2026 with neutrino beam, ND, and FD ready.

. Expec;eﬂ to produce a variety of new physics based on different
types of interactions and different target materials.

« Korean contributions for protoDUNE, ND/3DST detector, Neutron
study for reconstruction of anti muon neutrinos.

* Plan to participate protoDUNE analysis.

» Both global and local activities are waiting for participation of
young researchers and students .

. BYC| S40/% HpA
Z50|%t 4558, Sim/Reco, Bl0|Ef £0F 3178l & 0

2022-11-18 KSHEP Fall 2022 | Kim Siyeon 24



Plastic scintillator detector with 1 cm x 1 cm x 1cm cubes 1.5cmx1.5cmx 1.5cm
Light collected by 3 wavelength shifting fibers

Each cube etched chemically to keep light entrapped inside the cube

Read out by MPPC at 3 faces

41 coverage, 300 MeV/c proton threshold, 0.5 ns timing for MIP

Scintillator cube

WLS fibers

contains all neutron,
gamma induced hits

only the cluster

Sunwoo Gwon
for KPS 2020F




Los Alamos Neutron Beam test

. SuperFGD 24x8x48 (2019, 2020)  'Neutron beam data

XY view XZ view YZ view

» 3DST prototype 8x8x32 (2020)

2022-11-18

e Neutron beam
observed in
SuperFDG

prototype
detector

e Neutron events in SuperFDG prototype
detector o

FaE T

Joint T2K-DUNE 3D Scmtlllator R&D Group Institutions

CERN University of Geneva, Switzerland ‘5F ookt i
Louisiana State University, USA Lsu Imperial college, UK I{gggrcl)?]l College

University of

University of Pittsburgh, USA &9 Bihieh i ersity of Rochester, UsA @ ROt

Stony Brook University, USA Stony Brook
¢ i ‘W University  njversity of Tokyo, Japan pERERE

ETH Zurich, Switzerland ETH:zirich —
N _ = Chung-Ang University, South Korea €44 31013
University of Pennsylvania, USA
Penn
High Energy Accelerator Research Organization (KEK), Japan &y KEK

South Dakota School of Mines and Technology, USA m

SOUTH DAKOTA MINES
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