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c DEEP UNDERGROUND

Deep Underground Neutrino Experiment NEUTRINO EXPERIMENT

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

Fermilab

LBNF/DUNE Schedule Summary Overview i
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

E Install Detector #1-2
by PP7772777272722727) Cryostat #3-4 Construction
o< TPC Test, Fill & Commission Det #1-2
<C Cryogenics Bquipment

P ) Y Sy Q22222222227 DUNE Collaboration

NND Design, Proca-reﬁ & Comssion Det#3-4

E CF Preliminary & Final Design == e e L Rt over 1300 members
) CF Beamline Facilifes from over 200 institutions
;‘t 7222 22222222222 22722 22l il g2z ZZd NND Assembly . .
w CF Near Detecfor Hall in over 30 countries
= Insta|l Beamline systems

[ Partial Assembly|on Surface at FNAL
& Comm ND in Hall

Korean members of DUNE Collaboration
(20224 12 & xH)

- DOE Activity | start Full Scale Mock-up N1 Commisstoned Beamline Complete
Cryostat #1 Ready for
NO Hall Beneficial

B 0ok 2nd Non-DOE Activity Detector Installation
Occupancy - NS CF

Det #2 Commissioned :TI;I
[[///24443 Non-DOE Activity FS Conventional Complete
Facilities Complete

Near Detector Complete
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2018:
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Facility

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)

2022-12-17

1300 Kilome’

Fermilab

=
ters —

Near Detector

- Prediction of neutrino flux at FD
w/o oscillation

- Control of systematics

- Study neutrino interaction with

Ar, CH
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~ DUNE-PRISM

Technique
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Sanford
Underground
Research

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.

2022-12-17
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First physics
data: Atm,
SN, & solar

2022(?):

2019: FD . Installation
ProtoDUNEs TDR Excavation of first

2026: ND &
Neutrino
beam
available

2018: 2020:

neutrinos.

at CERN starts Proton
decay.

Calibration

module

DUNE Phasel] [DUNE Phasell]
) ) 4 )
2 Far Detectors : Horizontal Drift (HD) ] Staged year

8 : . — FD3 +FD4
+ Vertical Drift (VD) LAr 1 (2026) with 20 kt-1.2MW

2 (2027) with 30 kt-1.2 MW
4 (2029) with 40 kt-1.2 MW

f 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.

Near Detectors : ,
"|ND LAr + TMS + SAND + PRISM ] ND-Gar replaces TMS.
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This was a test of the entire logistics chain —

from the UK, to Switzerland, to lllinois, and finally to South Dakota. ( December 6, 2022 )
In total, 150 APAs will be built for DUNE: 136 from the UK and 14 from the US.

<
i
| 'Em
P

2022-12-17 KPS DPF 2022 | Kim Siyeon

11




T —— - ST ST — S —

e s T S TN [N A NN

A T P T S R A T T SR S A AR R S L A B — o E

600
Wire Number

2022-12-17 KPS DPF 2022 | Kim Siyeon




EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

EP Internal Report 77-8
16 May 1977

THE LIQUID-ARGON TIME PROJECTION CHAMBER:

A NEW CONCEPT FOR NEUTRINO DETECTORS

C. Rubbia

2. LIQUID ARGON AS A NEUTRINO TARGET

There are several reasons why pure liquid argon can be considered as an almost

ideal target material for the LAPC:

i)
ii)
iii)
iv)

v)

vi)

it is dense (1.4 g/em®);

it does not attach electrons and hence it permits long drift~times;
it has a high electron mobility;

it is cheap, 140-500 dollars/ton, depending on source and quality;

it is easy to obtain and to purify -- many of the organic impurities are

frozen out from its liquid form;

it is inert and it can be liquefied with liquid nitrogen.

A possible drawback is that some modest cryogenic equipment is required in

order to maintain it.

From the physical point of view, liquid argon has properties which make it

very similar to the freon CFiBr of the celebrated Gargamelle experiments:

2022-12-17
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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

* 2019.05 JBNU & UNIST joined

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

e 2022 277

« 2023.01~ ProtoDUNE HD Data Analysis
ProtoDUNE VD Cold Electronics

* ProtoDUNE Il: Closing TCO in 2022.11, filling LAr in early 2023,
OPS for 2023.06 to 2024.07

2022-12-17 KPS DPF 2022 | Kim Siyeon 14
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- MMSEELH):
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 22 7|0

- HEEY):
Deep Underground Neutrino Experiment (DUNE) Near Detector Conceptual Design
Report, Instruments 5 (2021) 4, 31,

Neutron detection from antineutrino events in the 3DST, 24 A1t =2 X & 7|0

- A7|1g@EE):
Muon antineutrino CC 1 neutral pion interaction selection using the invariant mass, DUNE-doc-23681-v1,
Technical note 24

- HeEY):
Neutron detection and application with a novel 3D projection scintillator tracker in the future long-
baseline neutrino oscillation experiments e-Print: 2211.17037 [hep-exX]

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,! C.K. 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,2 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?

15
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https://inspirehep.net/literature/1813816
https://inspirehep.net/literature/1854065

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

U
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o
Free Initial Nuclear Extra Nuclear Fina'l State
Nucleon State Effects Interactions (FSI)

- 4
Y

R(X) = O(E,) x o(E,, %) x €(X) x P(va — vg)

Final state particle content does not isolate
initial interaction type!
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Neutrino Interaction Physics &
the DUNE Near Detector

Pion Multiplicity

Mateus F. Carneiro on behalf of the DUNE Collaboration
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DUNE Simulation

Time

Wire Charge
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FIG. 2. A 2.2 GeV CC v, interaction shown in the three read-out views of the DUNE LArTPCs showing the characteristic
electromagnetic shower topology. The horizontal axis shows the wire number of the read-out plane, and the vertical axis shows time. The
color scale shows the charge of the energy deposits on the wires. (a) View 0: Induction Plane. (b) View 1: Induction Plane. (¢) View 2:
Collection Plane.
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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 M-

W+

30 em Run 3493 Event 27435, October 23rd,

2022-12-17

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(mn- Ep- Ey+py COS Vy
(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,

® vy 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?

20
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 Neutrino-nucleus interaction: nu-Ar, nu-C,H
COH, QE, RES, DIS

 Neutrons in final states:

Missing energy in neutrino detection

* Neutron identification:

« 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 &
SuperFGD/T2K):
- Study of secondary neutrons

2022-12-17 KPS DPF 2022 | Kim Siyeon
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e-Print: 2211.17037

S. Gwon et al.
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FIG. 1. Average energy fraction delivered 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.
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BSM Physics in Neutrino Experiments

uoaAlS wiy | 220Z 4da Sd)

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

2022-12-17




DUNE Timeline

d Phasel

uoaAls wiy | 220 4da Sd)

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—M0 0
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

2022-12-17 23




Physics Working Groups

hysics Coordinatio
Inés Gil-Botella
Chris Marshall

DUNE Physics
Working Groups

Liaisons
Dan Cherdack (ND)
Tom Junk (computing)

e

Long-baseline
Callum Wilkinson
ke Rickering

‘e
5
9

High energy kY
Lisa Koerner

N Yue-lee.Jsai

Cheryl Patrick

Pi
& B
XL

FD sim/reco
Chris Backhouse
Dom Brailsford

o

e L i
& T
b Y

¢ Neutrino Interactionsy, |

BSM
- Justo Martin-Alb D
Alex Sousa !

e |
) ND sim/reco

Mat Muether

"'“.t-‘"' e —

Clara Cuesta
Dan Pershey

Calibration
David Caratelli
Mike Mooney

& Linda Cremonesi

rotoDUNE analysis
Leigh Whitehead
Tingjun Yang

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.

. Expecifec"j 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 .

- UL =H0(K} A4
S80/A 22 A8 Sim/Reco, H|O|H 20F A& X E O F
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Concluding Remark 2

NEUTRINO
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The Single-Phase LAr-TPC

TPC working principle LAr as radiation detection medium

a V_ x V wire plane waveforms
1ValW
Liquid Argon TPC v _-‘ &

lonization electrons [~5 fC/cm] drift to the anode in -
pure LAr & uniform E-field (~500 V/cm)

- Few mm pitch and ~MHz sampling frequency =

- 3D via multiple 2D view (wire# vs drift time)

- high imaging capabilities — kinematic -
reconstruction with mm-scale spatial resolution

Dense: 40% more than water

Abundant primary ionization: 42 000 e /MeV
High electron lifetime if purified = long drifts
High light yield: 40k y/MeV

Easily available: ~1% of the atmosphere
Cheap: $2/L ($3000/L for Xe, $500/L for Ne)

« Technological challenges

LAr continuous purification << 0.1 ppt O, eq.
(>> 3 ms electron lifetime) for long drift

Imaging & anode planes

Very low noise front end amplifiers to detect
~ fC primary charge deposition

Large area photon detectors sensitive to
128 nm wave length

HV system to provide uniform/stable E-field
in large drift volume

- Intrinsically excellent Calorimetry and Particle » Pioneered by ICARUS and adopted in
Identification (dE/dx) capability present and next generation neutrino
Prompt scintillation light (@128 nm) ezperiment (uBoone, SBND, DUNE)

- T =0, trigger, calorimetry -

DUNE: scaling to multi-kt size

6 Dec. 10, 2021 The Vertical Drift LAr-TPC
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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)  '\eutron beam data

XY view XZ view YZ view

» 3DST prototype 8x8x32 (2020)

2022-12-17

e Neutron beam
observed in
SuperFDG

prototype
detector

e Neutron events in SuperFDG prototype
detector o
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