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Accelerator Neutrinos :
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* Intense neutrino beams using proton accelerators
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JSNS2 : J-PARC Sterile Neutrino Search at J-PARC Spallation Neutron Source

(E56)

Neutrino anomalies from LSND

® LSND reported an an excess of 87.9+22.4+6.0 anti-
electron neutrino events (3.80) in 2001.

® Sterile neutrino hint

There are contradicted results from experiments :
need to test LSND result using same environment =
motivation

Target mass
Baseline
Beam energy

Beam duty factor

Liquid scintillator

Delayed signal

AE/E

Fast neutron rejection

Number of IBD signal ev
ents
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US (4)
University of Alabama
BNL
University of Florida

University of Michigan

JSNS?

17 tons
24 meters
3 GeV

0.8/40,000

Gd loaded LS + LS

Etot ~ 8 MeV, At~30us

2.4% @ 45 MeV

Pulse shape discriminat
ion

~20 events/yr
@ LSND best fit

LSND

167 tons
30 meters
0.8 GeV

1/14

small number of scintill
ating light, no Gd

Etot ~ 2.2 MeV, At~200
us

7% @ 45 MeV

Cerenkov

15 events/yr



MLF : world best environment

MLF building (bird’s view)

Inside liquid scintillator

Prompt signal

positron .

Hg target = Neutron s | & 4 18 muon

i ; Deca Nati
and Neutrino source At _ proton | +) fat_R V;t)l oscillation
- . . ..> . Scintillation light
Vi v

delayed

50t (Gd-loaded + unloaded) _  gammas

liquid scintillator detector ! |

(4.6m diameter x 4.0m height) : lponiog
120 10" PMTS <T>~30us (~ 8MeV In total)

3GeV pulsed proton
beam

Searching for neutrino oscillation : v, 2 Vv, with baseline of 24m.
no new beamline, no new buildings are needed = already started.

v source and oscillation

+H K*/m + X

prHg =K/, mode : same as LSND
= 1 (stop) — ut +

Vi

Unique condition to reduce beam induced background using pulsed 3 GeV

proton beams from RCS, J-PARC. " W (stop) > e* + v, +v, pDAR

K* (stop)

» K= ut +v,(63.55%) KDAR

236 MeV monochromatic v, source




Energy Spectrum and Sensitivity and KDAR analysis (MC) SNS3,

J-PARC Sterile Neutri earch
at J-PARC Spallation Neutron Source
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(S, O Right: Sensitivity of 3 years physics running
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KDAR Neutrino Measurement

10 The monoenergetic KDAR v

In the J-PARC MLF flux.
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v source and oscillation

Hg —K:/mt + X
prHg =K /m + mode : same as LSND

> (stop) - put + . 1 e ) . . . .
Vi -y (stop) — e* + v, +7, uDAR P g U 4 - T:e first physms: anal\r'5|5 via
|
=N the KDAR neutrino

200 ) - a3
energy[MeV] : a
K v, (63.55%)  KDAR interaction has been started.

T o —— f L
236 MeV monochromatic v, source g e i Bt

K* (stop)




Contribution to JSNS2

Korean Contributions
Detector construction (finished)
~80% of PMTs (100PMTs were
delivered)
35 tons of Liquid scintillator
(delivered)
Slow monitoring system (delivered)
HV control software (installed)
Development of DAQ and b ; & sisy 30 =
monitoring/display codes (installed) QG &) I / Bt Temperatre
MC and analysis code (working) s AT - oage Curen
Calculation of v-nucleus cross ) - :
section (working)

Beyond standard model
phenomenology (working)

P | Ct ures Acrylic installation Acrylic vessel moving
b

crane

PMT installation completion
Lid removing
"
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Korean Activity and JSNS2-II SNSZ,

J-PARC Steri le Noutrino Search
at J-PARC Spallation

Present and Future

The contribution of the Korean group in JSNS2 has been significant, and we expect that the activities will continue in

the future.

® Through the 2020-2021 experiment, background reactions were effectively provided, and IBD reaction candidates
corresponding to were obtained, of which were identified as reactions by cosmic-
rays neutrons.

® First long-term physics run data acquisition (Jan—June 2021)
Second long-term physics run data acquisition (Jan—June 2022)

® Third long-term physics run data acquisition (Apr—June 2023)

—— JSNS' 90%C.L
[ Lsnp sencL
[ Lsno so%c.L

|
| ===~ OPERA(2013) 90%C.L

A mi[eV¥/cY]

JSNS2-I (24 m) + JISNS2-11 (48 m)
can improve the sensitivity of
sterile neutrino search.

indicated region
JHEP 08 010 (2018)

— weak for current
JSNS2sensitivity

13 46 79 1012 13 46 79 1012 13
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Data taking
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2023-12-22

oSS /Ey [1073 em? GeV ! nucleon ']

SND@LHC é’g\é)

Study of high energy neutrino interactions Search for FIPs Lhe
» LHC can create huge numbers of high-energy « Search for the Feebly interacting particles
neutrinos in the forward direction. decaying within the detector or scattering off
- Measure v interactions in unexplored energy range (~TeV) the target (HNL, Dark photon, ALP, Light dark
and unexplored pseudo-rapidity region (7.2 <m <8.4) matter etc.).
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1007 1 100 102 108 10* 10 100
Neutrino energy E, [GeV] Hadron Calorimeter
Muon System

Lol: Aug 2020

Technical Proposal: Jan 2021
Approval in March 2021
Data taking from Apr 2022
when Run 3 started

All 3 flavors of neutrinos can be identified in the ECC target.
ECC: Emulsion Cloud Chamber (Emulsion + Tungsten)
Div. Particles & Fields, KPSINRirdGitkasing and Neutrino Detector (ECC+SciFi)



Beam exposure to ECC target
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= Delivered 2022
-- Recorded 2022
- Emulsion run 0
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2022

» 3 ECC target replacements
» Total recorded luminosity: 38.5 fb!

16 ECC Brick walls assembled (2422 kg)

3522 emulsion films developed (140 m?)

2023-12-22

Assembled ECC targets

Integrated luminosity [fb=!]

EMULSION RUN 4 EMULSION RUN 5

30
25
201 — Delivered 2023
Recorded 2023
15 Emulsion run 4
—— Emulsion run 5
10
5
o
04-15 05-01 05-15 06-01 06-15 07-01 07-15

» 4 ECC target replacements expected
(Expected luminosity: 80 fb1)

» LHC machine trouble happened on 17th July
- pp run was terminated

» Total recorded luminosity: 31.9 fb?

10 ECC Brick walls assembled (1581 kg)

2300 emulsion films developed (92 m?)

2000 L disposed chemical solutions

S E = < | : g = e

o B S SND@LHC
icles & Fields RS I | ol detector 10
W LHC Ring " e
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EmuI5|on tasks ECC assembly (Tungsten plates + Emulsion films) — ECC target installation
at CERN — Beam exposure — Extraction — Development — Drying — Packing

\\\‘ N
,‘ N

Chemicals and tanks for Emulsion ‘develggment @s 7= | KF
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First phySiCS result (2022 run) — only by electronic detector

The first observation of Collider Neutrinos: 8 vy CC events

Estimated background : (8.6+3.8) x 102 events
Significance: 6.8 ¢

PRL 131, 031802 (2023)

Editors' Suggestion

Observation of Collider Muon Neutrinos with the SND@LHC
Experiment

R. Albanese et al. (SND@LHC Collaboration)
Phys. Rev. Lett. 131, 031802 — Published 19 July 2023

Vs =13.6TeV 368 fb?

TOP VIEW

;

----------------- -
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SND@LHC Experiment, CERN
Run / Event: 5120 / 99612370
Time (GMT): 2022-10-27 08:01:05

x [em]

Yy
I FRONT VIEW TARGET + ECAL
x

Emulsion Target
walls " Trackers

N\

Veto

Collision axis

Collision axis| £

. TN S

Run / Event: 5120 / 99612370
-2 Time (GMT): 2022-10-27 08:01:05

Yy
HCAL + MUON ID l.__. SI0% VIEW

Iron blocks + Scintillating bars

Colligfion axis

2023-12-22 Div. g%crlgpglyfe%% Vs GG gvents: 16 in 2022 run and 17 in 2023 run
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ANy SHIP

"' Search for Hidden Particles

SHiP
" New site: ECN3 in SPS North Area o ke
High intensity proton beam < BV —4
(6 x 10%° pot in 15 years) F R v o il

12,74,76 target\. N, &
5
& B

“L.gs «=BDF/SHiP

TT90-TCCO-ECNG /.05 (NAG2)

(EOI > CDS study) 7.
N

P
TT20 transfer "!‘9 & N
. Y.

v @ CNGS
(OPERA)

Currently hosting NA62

Profit a lot from existing infrastructure

WANF (CHORUS) * 6 x 1020 pot for SHiP in 15 years
2023-12-22 Div. Particles & Fields, KPS | Kim Siyeon 13



New design of SHiP detector - optimized for ECN3 AVa
\/\/
Ventilation wall .
i tikanabensties = Access shaft (4x8m?) T— _S‘mn%b%%;!:w}vm

(existing)

(existing)

Target complex

2
Mo/W target Access shaft (8x8m?)

(new)

Scattering and
Neutrino Detector (SND)

Decay volume

Spectrometer

~50m
~100m long Particle ID
SHiP SND ECC target
SciFi ECC
Muon spectrometer
18x Target Trackers 17x Target walls

ECC target

0.5 m

o
x
? F
2.6m

~6m — Div Particies & Fiets, KPS | Kim Siyeon 14

4 tracking stations inside dipole magnet

A
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SHIiP sensitivities in ECN3

6 x 10%° potin 15 years
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LHCb l\ ~i
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2023-12-22

my [GeV]

HNL
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T
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0.100¢
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1
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Exciu'ded Milli-charged particles

— SND@SHIP
— MilliQan, Run 3
50 100 5001000 5000 10°
m, [MeV]
Excluded

LDM scattering signature

0 20 50 100 200 500

my [MeV] my/my = 1/3, ap = 0.1



&5\4 SND@LHC

S e Accumulated 70.4 fb'! (2022: 38.5 + 2023: 31.9 fb1)
e Due to LHC machine trouble, only two emulsion targets for 2023.
e The first physics result, LHC neutrino observation, published on PRL.
- Both SND@LHC and FASERY results (Editors’ suggestion)

s g
Ph)/S|CS NEWS AND COMMENTARY

The Dawn of Collider Neutrino Physics
July 19, 2023

The first observation of neutrinos produced at a particle collider opens
a new field of study and offers ways to test the limits of the standard

model.
AVa :
RS SHIP
D * New proposal at North Area ECN3 was submitted in Aug 2023
SHil o
S or Hidden Pt and under reviewing process at SPSC.

e HIKE/SHADOWS is the competitor. HIKE (Precision measurements of
rare Kaon decays) and SHADOWS (FIP search) run simultaneously.
e Final decision on ECN3 by CERN RB (Mar 2024)

2023-12-22 Div. Particles & Fields, KPS | Kim Siyeon
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Cherenkov light

Hyper-Kamiokande

JL 7 ‘“ “ I
Neutrino N\ * ~2027 onwards =) @ "V ‘!ﬂl

a5l n-- -

—r.

i * 260 kton (188 kton FV) o ,{,m...\u!mm
in water “'l_‘_, T N

Photosensors

Super-Kamiokande

m e 1996 onwards

+ 50 kton (22.5 kton FV)

Kamiokande
e 1983 — 1996

........................

2023-12-22



Korean Group in the Hyper-Kamiokande Experiment
YFap|9, ASistm, SAistm, Marhsta, Maastn, g, Mystn

5
st=1E E: 53|

HK Outer Detector Group Co-convener: EX|&

¢ Proton decay

e CP-Phase Measurement
e Solar Neutrinos

e Atmospheric Neutrinos

e Dark Matter

e New Physics Search

JFY2020 JFY2021 JFY2022 JFY20231 JFY2024 JFY2025 JEY2026 JFY2027 JFY2028

-‘-F-Ilvl -

gy =23 ax

FH0IZ Y T Y

| | I_—_
oHE| HE| A o, A =2 &7 U4

2023-12-22 Div. Particles & Fields, KPS | Kim Siyeon 18
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Project Launch

HK Cavern
ground-breaking

Access tunnel
complete

2022 2023 2024

) Oézﬁeagsa —a  PUO-FREREHIN
AR— LRl ElE

June 23,2022

iy, g DT

/o HK operation will begm in ZKS\

¢ 1.3 MW upgraded neutrind heam from JPARC
o lInaraded and additional near detectars at  |IPARE

CP-measurement

! B
Proton decay
; : PMT Water ,«, i e
Cavern excavation Tank construction installation fill s ‘ ‘,,
Supernova neutrmo

Solar neutrinos -
Atmospheric neutrl}
Dark matter. searcf"i i




Near Detectors Beam Dump Decay Volume Target
neutrino ' —I 3 Horns '/
= = é

e muon ;I. IT-meson

Muon Target Station
Monitor 110m

280m

to Kamioka

<

e JPARC beam upgrade plan e 2.5-deg off-axis peak at 0.6 GeV

-y =\ =Y
1400 ———— @RFsystem upgrade . —— VM vll Vu VM

L l L} T T T | T T T T 1 T T

T T [ T T T T T
3 2.5° Off-axis v flux .
n

: @MagnetPSUpgrade R W U -

Osc. Prob

—— Am5,=2.5x10" eV?, sin%0,,=0.5 -

z |

=<, 1000 [ 2482 13scycle L N A& b b

?g [ @2“d harmonic RF ]

Dc-, 800 __w...,.,.u..‘c,a?u.tles .......... \ 1391165cycle‘ _

% 600 o MagnetPSupgraded !

2 [ : 248> 132scycle 5 0.3]1 |
400 e S e e e ! .
200 __ i

I I I I

D-Ill |s|i1|| P M ' l-lilll- A PR
2016 2018 2020 2022 2024 2026 2028 2030 0 05 | 15 2 25 3
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Korean Group in the Hyper-Kamiokande Experiment

e S o
| 2 g
[=] - Qo
PMT 2122} [YYe ’ ' . :-é:
o e} s X
rﬂ-%ﬂ M Ultra low noise  Externally : T
JQ’ k= amolifier controllable Externally |
4 Variable | controllable
attenuator | RFswitch |
L= C A
24Xd HE S
T e = .
Y = -40 g
i ‘ : 5 ND | L Lt g
T aS e : Lt SO I |
| m — 1-00</’ il
' A x -1zol’l .

&S (MH2)
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Korean Group in the Hyper-Kamiokande Experiment

HK #SAIY st 1F 7|08 &

e Outer Detector PMTs (Leader Group)

¢ Inner Detector / Outer Detector electronics system
e Inner Detector PMT (20-inch) pre-calibration

e Korean laser calibration system

e Computing support

Korean laser system2 SKO|A| 2f 200{iH0f| ZZl A, 287|=, OI0O|E 24 7|22
7icif water Cherenkov ZAE7|2| &t115t HHAARORE XI2|ES
(EF1-, S42P|-, MScista, HTistu)

* 7 KR injectors

-
,;,: y [T T X
Z of injector (cm) ;;. H ol 2 R WG P 2 Ei
+2025 . 3 e . s -
1% porie——_ L, - &
’ 157? . < § k" High-QE box-and-line PMT : E o
# s ] | (Hamamatsu R12860) of e P \ -
0 ® o 8 | QE = 31% sample = ) \ 1
- 675 . ¥ 3 / Tob View v\ :‘

-1350 . B | . e 5 |
- 2025 . : g 1 .{“/‘ —aa -t e SR S, . | r\
Py & / Super-K PMT average i e B i Y ]
4 & |l .4 (Hamamatsu R3600, QE = 22%) =2\ U

i £ 5 A ——a .

1 (7] 9'

} g Top View | =

as ) 15

| P R T S N S S S S S S S R T
@ T 0 558070 60 50 40 30 20 10 0 10 20 30 40 50 60 70 80 90 ?'“'
X Position angle [degree] b,
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Deep Underground Neutrino Experiment

Sanford
Underground
Research
Facility

v B B= jo==n] [ (=] —

v
vi B
1600 1400 1200 1000 800

Probability of detecting electron, muon and tau noutrin

DUNE Collaboration
over 1300 members
from over 200 institutions
in over 30 countries

2023-12-22

Fermilab

Incoming beam:
100% muon neutrinos

Div. Particles & Fields, KPS | Kim Siyeon

r\l [
_—
DEEP UNDERGROUND
NEUTRINO EXPERIMENT

Korean members of DUNE Collaboration
(20243 18 1€ X))

Chung-Ang University
: Kim, Siyeon (Professor, IR)
: Masud, Mehedi (Research Faculty)
: Gwon, Sunwoo (Post-doc, starting March 01)
: Masaku, Emar (Graduate)
: Kim, Suhyeon (Graduate)
: Park, Juseong (Graduate, starting March 01)
Neutrino Interaction, Sim/Rec.
Oscillation Analysis
ND Analysis, BSM

Jeon-Buk National University
: Shin, Seodong (Professor, IR)
BSM, DM Search

KISTI
: Cho, Kihyeon (Professor, IR)
BSM, Computing Facility

UNIST
: Chung, Moses (Professor, IR)
Accelerator and Neutrino Interphase

23



|
First physics M’l :
o data: Atm, _ -
2022(?): 2026: ND & DEEP UNDERGROUND

2018: 2019: FD 2020: Installation = &.solar Neutrino NEUTRINO EXPERIMENT
neutrinos.

ProtoDUNEs TDR Excavation of first beam
at CERN starts Proton .
module available

decay.
Calibration

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

DUNE Phase | {DUNE Phase II}
—J-.. ~WSouth',

p p [ \ '*"g ,;i\Dakma

| i f/ae:t?;tlelg:ﬁc;s(;/gt))x?ntaI Drift (HD)} | ED3+ED2 } Staged year j
L L 1 (2026) with 20 kt-1.2MW
([ . f ) 2 (2027) with 30 kt-1.2 MW :

| | Near Detectors : | ND-Gar replaces TMS. - f \ N E;&:t’:lnh?ez:g;oonssez::‘n
kND LAr w TMS o SAND = PRISM L ) 4 (2029) Wlth 40 kt_l'z MW i} V\ PIP-li Proton Beam
, , ~ 7 (2032) with 40 kt-2.4 MW R

— 1.2 MW beam power } — 2.4 MW beam power N\ J

DUNE:ProtoDUNE-SP Run 5779 Event 12360

10.0

7.5 ProtoDUNE is full scale in the drift direction

5.0
Successful operation at CERN:

low noise, stable HV, high purity
— demonstrates LArTPC technology and DUNE design

2.5
0.0

Charge/tick/channel (ke)

|
s
5

200 300
Wire Number
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Vision of the 2023 Particle Physics Project
Prioritization Panel (P5)

We recommend the following:

As the highest priority independent of the budget scenarios, complete construction projects and support
operations of ongoing experiments and research to enable maximum science. This includes HL-LHC, the
first phase of DUNE and PIP-Il, the Rubin Observatory to carry out the Legacy Survey of Space and Time (LSST), and
the LSST Dark Energy Science Collaboration.

Construct a portfolio of major projects that collectively study nearly all fundamental constituents of our
universe and their interactions, as well as how those interactions determine both the cosmic past and future.

1.
2.

2023-12-22

CMB-S4, which looks back at the earliest moments of the universe,

Re-envisioned second phase of DUNE with an early implementation of an enhanced 2.1 MW beam

as the definitive long-baseline neutrino oscillation experiment,

Offshore Higgs factory, realized in collaboration with international partners, in order to reveal
the secrets of the Higgs boson,

Ultimate Generation 3 (G3) dark matter direct detection experiment reaching the neutrino fog,
IceCube-Gen2 for the study of neutrino properties using non-beam neutrinos complementary to DUNE and
for indirect detection of dark matter.

Div. Particles & Fields, KPS | Kim Siyeon 25



Korean DUNE Activities

2016.05 CAU joined DUNE Collaboration

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

2019.05 JBNU & UNIST joined

2018 ~ 2021 3DST Working Group,
3DST (3-dim Scintillator Tracker) for SAND/ND

- Joint consortium with T2K SuperFGD Group T
- Prototype LANL Neutron beam test 2019 & 2020~ [ =
([ =
2022 P77 |- -
2023.01~ ProtoDUNE HD Data Analysis s ﬂ“ﬁ—
ProtoDUNE VD Cold Electronics ‘. E] , . . . . . .
@ @ E;il E;? E;? E’; [Global and Ghanne! Registers| |60 Puiser| [ Analog Monior|

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

ProtoDUNE II: February 2024, Data Available.
DUNE Cold Electronics: Script and ASIC Chip Test,
Water-based Liquid Scintillator for Module 4

> Prototype Readout, Analysis

|15—H cA H Shaper |——| AC/DC H Bufter TZIBEE

© LAFASIC -

22—+ cA | Shaper ACDC |+ Bufer [[XOFZ
-+ ca || shaer —{ Acoc |+ Burer [E[ZSRI

o+l ca |+ shaper M0 acmc || mufer [ZOR0

Bias module with BGR and Temp.Sensor

Fig. 1. Simplified block diagram of LArASIC

o o .
2023 2&~3E Brookhaven National Lab, USA
2023-12-22 Div. Particles & Fields, KPS | Kim Siyeon 26



Issues of Korean DUNE

* Collaboration Size
* CAU
» KISTI (network, storage, computing)
* JBNU and UNIST

Collaboration Grant

Common Fund (M&O)

Participation to KNO

Site Activities: BNL, Fermilab, CERN Neutrino Platform
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¢4 Physics Issues of DUNE

* High-Energy Neutrinos .

* Low-Energy Neutrinos *

* Neutrino mode(FHC) and antineutrino mode(RHC)

* Long-baseline oscillation

* Neutrino interactions

* Beyond Standard Model

* ProtoDUNE analysis

* And more...

* High-Energy Neutrinos
GeV-scale non-accelerator physics:
atmospheric neutrinos, nucleon

decays and other signals where atm
neutrinos are a background.

 Low-Energy Neutrinos
1-10 MeV-scale physics: SN, Solar

nu, Natural radioactivity
background

2023-12-22

N

DuVeE
DEEP UNDERGROUND

NEUTRINO EXPERIMENT

Long-baseline oscillation

1285-km baseline
Neutrino energy range Sub GeV ~ 10 GeV

Appearance of v,(Vv,) and disappearance of
VM(W) at FD

B
| GENIE 2.12.8,0,,cu(E,) v, Flux (arbitrary norm.)
— CC-Total I T2K: ND off-axis
-~ CC-RES Il NOvA: ND off-axis
1.5 - cciphi2p2h ] DUNE CDR Ref. .
I = NC-Total - MINERvA L.E.

o(E,)/E, (10*®*cm?nucleon ' GeV ')

Div. Particles & Fields, KPS | Kim Siyeon
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Deep Underground Neutrino Experiment
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DEEP UNDERGROUND
NEUTRINO EXPERIMENT

cA’b@ Neutrino-antineutrino asymmetry: P(VusVe) vs. P( VusVe) M E

Aep P(vy = ve) = P(Uy = Ve)  cos gy sin 20,5sin 6 (ﬂmglL

— : . + matter cffects
Py, = ve) + PV, = ) sin fy3 sin f5 1E, ) "

0.14 eutrinos & 0.14 ntineutrinos = - = = =
1235 km — 1286 ki e DUNE discovery potential for CP Violation
0.12fy  Normal Ordering Hae, =0 Normal Ordering B, =0

5(:I’=7r,2 [jacp=7"/2

and beyond

7 T T
. Phase Il . Phase Il - Phase Il
6 6 6

Phase II: no beam upgrady Phase II: no ND upgrade /

Phase II: no FD upgrade /

5|

5|

2 3 4 5678 5>9|0‘ 1 2 3 4 5678 © 3
Neutrino Energy (GeV) Neutrino Energy (GeV)

Neutrinos .5 cp = -T2 Antineutrinos . ep = -1/2 1
1285 km .8 =0 1285 km .8 il (7
Inverted Ordering cP = Inverted Ordering cP ™ L S S ST R % % 2 "4 e 8 10 12
[] Sp = W2 8cp = /2 Years Years
Phase one

> > '
10 [ SVJ\[/?[? gaitfclf[lgg Fermilab proton power near detector
o £o. 1.2 MW then 24 MW  and Phase
modules then 4 T
detector

2 3 4567¢( 530 2 3 4 5678

Neutrino Energy (GeV) Neutrino Energy (GeV)
m CHUNG-ANG UNIVERSITY
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CAW

2023-12-22

GU(VE
_—
X = AlXA O

HEs8 A48 87| TN
MM STEHSLH):

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

Az 2(F L)
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

B7|1B(EYH):
Muon antineutrino CC 1 neutral pion interaction selection using the invariant mass, DUNE-doc-23681-v1,
Technical note %t/d

e (Y.
Neutron detection and application with a novel 3D projection scintillator tracker in the future long-
baseline neutrino oscillation experiments e-Print: 2211.17037 [hep-ex] -> Published in PRD.

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

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.

Z=E

7

& | T

2023-12-22 Div. Particles & Fields, KPS | Kim Siyeon
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ProtoDUNE at
CERN Neutrino
Platform

2023-12-22
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LArTPC technology provides exquisite resolution

. Clean separation of v, and v, charged currents

Precise energy reconstruction over broad E, range

., Low thresholds: sensitivity to few-MeV neutrinos, hadrons

" DUNE FD1-HD DUNE FD1-HD .
~ .simulated 3.0 GeV v, simulated 2.5 GeV v, -




DUNE Phase I: world-leading MO, sensitivity to maximal CPV

y 4 —_ 0.18rg DUNE Am2, Resolution
—All Systemati&.:s ,// II)\ll: ';sz:n‘l’ ji‘:;s't“"ty 0.16 \\ Am2 All Systel::atics
r Normal Ordering y 3.5/ Normal Or dering \‘ 32 Normal Ordering
_ Sep =-1/2 o 5‘01 4 \‘\
8 3 o t 1°— “\ Phase |
- -~ x0.12H |
25 CPV \¢ ‘% \ Start at 1.2 MW
. o 4 = 0.1 ‘\‘ — —. 4year ramp to 1.2 MW
% ° [ 2 - s \
. ... : /,ngepends on S o008 Current best
7 - m \\
af 15 y €am ramp-up g, 46f measurement
.................. Phase I: 5, = -/2 // - e - \\\
- Phase I: 100% of 5, values L //, < St e ST = 0'04:_ T— P DG avg
Startatd:2 MW 0.5 4 ——: 4yearramp to 1.2 MW 002 2200 s
ATTOITTIT PR P P i P T TN T TN T T
4 5 6 7 o 1 2 3 4 5 6 7 o 1 2 3 4 S5 6 7
Years Years Years
- Phase | will do world-class long-baseline neutrino oscillation physics:
. Only experiment with 56 mass ordering capability regardless of true parameters
. Discovery of CPV at 30 if CP violation is large
years)

. High precision disappearance parameters, (e.g. surpass current Am2;, error in ~2-3
2023-12-22
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The Single-Phase LAr-TPC

se Wires
vV X V wire plane waveforms

2

TPC working principle _

Liquid Argon TPC

v

X wire plane waveforms

« 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

- Intrinsically excellent Calorimetry and Particle
Identification (dE/dx) capability

« Prompt scintillation light (@128 nm)
- T =0, trigger, calorimetry

LAr as radiation detection medium

» 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

Pioneered by ICARUS and adopted in

present and next generation neutrino

ezperiment (uBoone, SBND, DUNE)

- DUNE: scaling to multi-kt size

2023-12-. 6 Dec. 10, 2021

The Vertical Drift LAr-TPC DU'(\ = 36

—
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