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« RENO

« RENE

e [ceCube

 Super-Kamiokande
* Hyper-Kamiokande

* KNO
* Donghae

2025-11-22
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RENO

(Reactor Experiment for Neutrino Oscillation)
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SEERET

Oscillations observed as a

T ’ deficit of anti-neutninos

v L
: the position of the \‘

v, Q minimum 1s delfimed by Q
1.0 - T —
‘ sin“20,,
E_‘: flux betfore oscillation |
3= observed here
e ) . | N
= L L127Aml Ly L 127Am7 L
= Flv — p{):: | —cos™ 6, sin” 2¢) sin’ —=— | —sin" 2& _ s1n — |
Qi:: k a L E .I_l . | LI. ;
a I
. -
Distance 1200 to 1800 meters
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Measurement of reactor antineutrino oscillation parameters using the full

3800-day dataset of the RENQO experiment
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RENE
(Reactor Experlment for Neutrino and Exotics)
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RENE Detector Construct
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RENE Detector Commissioning @CNU

Calibration rod MC simulation = Position dependence (Veto)

O Pposition of Trigger scintillator at distance 0

RENE veto detector

i
@ L £ ]
3 - E 3
2500— 5 |
I 73/ ndf 1593/15 3 S|
- :. 611.5 +500.9 *i l\t 3
3 4432 £3.435 ]
" 1500| A 3521+ 86.63 ;‘W ]
:‘ | iy 2007 +8.279 3
0 500 row is00 2000 2800 3000 G 20020083 L1 it 55 sk

ADC Counts

Distance (cm)

. Most probable value (MPV) :
A composite fitting function based on a Landau distribution on charge sum
= The minimum ionizing value of dE/dx ~ 2 MeV-cm?/g

Slow control monitor

RENE-PM Integrated Monitoring System

900: T I T . Vltl [ e
= v MC =
— MC Single ¥
800 I Single y Peaks
E 282Cf (H 2.223 MeV)
700 —
=3 22Na (1.275 MeV)
o, 600 . —
= E °® . ®—— e0Co (1.173 4 1.333 MeV) ?
; o) -
PE: 319.908 + 18.6188 g P E 500 | 261 (nGd ~8 MeV)
Tiape Condon
o - m Zn(1.112MeV)  Na (0.5 + 0.5+ 1.275 MeV) w
f = : s £ 400 Multiple y Peaks by
-7 i3 T eescm 147G (0,662 MeV)
; | ' 301cm it ses Center 300(—
1 HIN " o -- 275 2000
/ = | - LS pacOAQ)
e 100/— e i
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RENE &
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FOolE ol ™ « 2025'A 9€: Technical design report &
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Pm Prog. Theor. Exp. Phys. 2025 093C03 (42 pages) ~=r _ o
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— | — - (2 yr) RENO+RENE RS 90%

—— RENO+NEOS FC 95%
Reactor Experiment for Neutrinos and Exotics B o O+NEOS FC 68% (allowed
(RENE) for the Sterile Neutrino Search Using (comparison st NEOS)
Reactor Neutrinos —__ RENOSNEOS RS 90%

1 (comparison at RENO)
Byeongsu Yang', Da Eun Jung', Dong Ho Moon ©'*, Eungyu Yun', B R
HyeonWoo Park!, Jae Sik Lee', Jisu Park', Ji Young Choi', Junkyo Oh', Kyung ===+ RENO far/near 95%
Kwang Joo', e RAA 95%
Ryeong Gyoon Park', Sang Yong Kim', Sunkyu Lee!, Insung Yeo?, i
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The IceCube Upgrade is

starting

¢ Instrument additional 7 strings
¢ 60-100 DOMs in each string
¢ Detect neutrinos below 10 GeV
¢ Construction began and full deployment in 2025/2026
® Testbed for lceCube-Gen?2

Nov. 2025 (now)

® Neutrino Oscillations study,

® Neutrino Mass Hierarchy measurement with the Upgrade.

® Neutrinos with Earth matter and density effect in varying baseline
® Understanding the systematics is the key to the measurement

® Additional calibration devices is going to be added

1000m

. :
®
o .® )
. . . . [ J
PY [ ]
® .
s I 2150 m . ‘ @ @ @0
° 17m (?‘) ‘
_ ? MDOM @
_________ 3m
o 2425 m !
" ‘ . o ® @ ==
EGG
IceCube  DeepCore  Upgrade 20iom  2450m 2435
Instrumented Depth 2600 m

CUBES-2024 Meeting
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https://arxiv.org/pdf/1908.09441.pdf
2024/04/27



Korea IceCube Activities

IceCube @ Chung-Ang University

® Study atmospheric neutrinos. Especially electron neutrinos

® Participation in the IceCube-Upgrade simulations. i.e. Photon
Propagation & mDOM response.

® Develop a low-energy reconstruction tools using Transformer-based
neural network

Y]
= Iigh e

/_A
xX(0) J——— ax = x,rjar + gurjaw 4’(\)”7‘)\

-- =
Chang Hyon Ha Hani Kimku Sooa Kim  Minsu Kwak :

|x|U1 )<— dx = [F(x,1) ~ ¢*(t)Vx Jog pe (x)] it + glt)dw —{x(T)
N/ -

Reverse SDE (noise — data)

IceCube @ Sungkyunkwan University

® Muon-track reconstruction using a neural network that fits Gupta—
Kundu—based arrival-time PDFs

The 37
K-IceCube
We h

® Generative model for IceCube neutrino event simulation and end-to-
end reconstruction using flow and diffusion model

® Optimize pulse cleaning and upgrade PMT noise model based on its
timina arJd charae characterlstlcs

F AR &

Chang Dong Rho Taeyun Kim Minje Park Jiyeong Son

uuuuuuuuu

Thel3fd K-lceCube Workshop 2025/02/26

CUBES-2024 Meeting 12 2024/04/27



lceCube Upgrade Pulse
Cleaning : Modularization
and Optimization (SKKU)

v,CC 11 O O true track direction

b
W

-
. o
- " A 2 % 32

E = 2.6GeV

. I retro-reconstructed track
By =55.6GeV| [ 1\
0 Qi )

Before Cleaning New cleaning segment
After (Number of Pulses: 229060)

Before (Number of Pulses: 2322549)

N
* Track to nowhere?!?

0.35 6
1.0 2.5
£ 030 5
(®) 135%
[a) |
o 0.6 2.0
=
i)
<) 0.4
| 80% @
q;) ol 180% 15
z" 2
o
0.0 ;
A\ » ) ) & 1.0
¥ &F N \© W
N < N N Q
& Q Q x@
O @ & NG
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)

0.5

We will have ~700 PMTs in Ice which requires
a superior noise cleaning.

6 8 10 12 14 16 18
time (us)

time {us)
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Atmospheric Neutrino Oscillation Physics at CAU

New Veto Algorithms (VICH) by CAU Zj
Towards the Upgrade v, appearance analysis

0.9

o
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[PV - Y- Y- I
133233
=]
~

muon
noise

FLERCNN BDT ProbNu
(=]
o

in96 h

10°

101

2.0

o T —_——

o b _ , 08
charge | g ofl nﬂnl:::h lofn s :

cut region t
-

W0 TR T VICHCNNScores

o particle speed

FLERCNN BDT ProbN
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o

o
5

It is clear that reconstruction and PID will be two challenges in the Upgrade.

CAU will work on those in v,, — v, analysis
CUBES-2024 Meeting 14 o o2 o4 o

New VICH CNN score
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Super-Kamiokande

1996

SK-1 SK-1I

Accident Half photo coverage

OF

2002 '06 '08

SK-1V

Full coverage  Replaced QBEE board

Aug-2002

Water Cherenkov detector

Situated 1,000 meters underground beneath
Mt. lkenoyama

50kton water

¢ 1996~2020 : pure water
« 2020~ : Gadolinium loaded water

5% 1202

Capture on Gd nuclei

(01"

2, 00| X[ Swfel 3], LIS i 10

Concentration of Gd nuclei [fraction of weight]

SK-Gd

Overhaul to
prepare SK-Gd

* Inner detector :

SK-Gd SK-Gd
0.01wt% 0.03wt%

11,129 20-inch PMTs

- Physics events of interest

e Quter detector :

- Background

1,885 8-inch PMTs
veto

« Sensitive energy : O(1)MeV~ TeV

15



»

SK event

Effect from Gd-loaded water

Study on Oscillation of atmospheric v

Study in diffuse supernova v
Energy distribution for delayed signal

DSNB —*{N—P —data -
: F' i MEG
Signal region CC-e 1 [ H-capture
: Gd-capture

from M. Harada

Clearly separated' from noise cluster! 3

4 6 8 10 12 14
Reconstructed total energy [MeV]

552.2 days with 0.01% Gd concentration (SK-VI)
Cut based simple neutron reduction thanks to Gd

- 36% of n-tag. Efficiency

Nn=1 event are selected as IBD candidate
Close to 2970 days of pure-water SK (SK-IV) limit

Differential flux upper limit
SK-VI Observed (This work)
wimimimin SK-WI Expected (This work) |
SK-IV Observed

¥

102 ———— SK-IV Expected -
_— KamLAND Observed 3
--- — [ Modern DSNB Predictions
N

-

LBLERLLL NS R B L Illllllj

107!

¥, Flux Upper Limit [cm? sec' MgV
o

1072 salow o lowelowndlownlonbovalovabonnlvielonilyy
8 10 12 14 16 18 20 22 24 26 28 30 32

Diffuse supernova v
M.Harada (Neutrino2024)

v, Energy [MeV]

M. Harada et al. (Super-Kamiokande Collaboration) AstroPhys. J. L 951 L27 (2023)

s
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Average Events / Day
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[ i r Ov.ce i + .
[ 1 , 200p77.cCC 3
CaPh o e [ - e
et *‘r"*‘,, *‘+‘ﬁ'Tn**qa«w.*rmﬂ‘“m*p b wty @ 180F 4 i+ 4 E
- PC F S bt ]
Ciy T+ # o ""'+'++' DU LR # |+ 3 100 = i B
AR B AR L : z ]
z I | : M + | 50:_ _:

M " A P - P L oty ||I—|¥|_f .
0 2000 4000 6000 8000 -1 08 0604 -02 0 02 04 06 08 1
Days since April 1, 1996 VeV, BDT Score

Neutron tagging efficiency for hydrogen ~26 % (SK-IV, SK-V)

Boosted decision tree (BDT) is used to classify multi ring events

as ve-like, ve-like. u-like or else

Can be compared with the result of SK-Gd phase

Myung-gi Jo (SNU) takes a important role for this work.
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Measurement of water transparency& absorption

Korean LI Time variation of N/Q ti

LASER Absorption coefficient ming distribution slope 55 faure ol sl
33;’ izg Optical fiber 00005 = 1 Ref. period : 2020 Jul 2" week
' 0004 e fl — !

— B e L e i " WM ++++ W H+H+++++ ++++ i +++H+++++ H ++ i 4, 1++++++++ A e, +++++++h++++++++++++++*} ot iyt ++++++*+* Hhid| | € wae

— _ £ oo HEH ++H+ 1 + H H l I } T [

[ — BRI e - ref. | Y W H+ w “t i HM g s AT X { .
- Rt A,WHH | N N T L P Bl | € 3%
= gEL ] E= &msm mw M@MPWM+WM th+t&++Hmm+nmﬁwwwﬂﬁwwﬁwmﬂ% <
83 ———— Z oo I +H HH +++ H F}MHH i +

2 oum B3] e - +++++ A LA h

27 DN — é gvgg;j: 0,001 #+H’+ } i' ++ |'+ +HLHL+++H-++ ++ lv+]|_+|'++ H++1I'+H'+i’ Hv{'ﬁﬂ' h+‘|_+ ++ €-11%
- & el B4] P Lo - O |
e E=c= = 337 375 445 | PRAEGT ] R

‘““ﬂj}—————-éféj %iﬁ“ﬁw e im “0.0015 [—{ 2020 | qul 2022 [ 2023 ! nm!' [ 2025

TOF-subtrarsed time (ns) 20M2/30  21/07/01  21A2/31 22007001 2201231  23/07/02  23/12/31  24i07/01  24/12/30
¢ ) EEmm——)
1% Gd loading(SK-VI) 2% Gd loading(SK-VII) (SK-VIIl)

T T ERE RARE R ERERERRRE T _--|---|---|--_sﬁ_v N I R A
E i E —SKVI

| : =
Bo*p g a0 : =

E . ] "r;u i i

z £ 20

107

Illl-

3U’U 320 35'] 35':' 380 400 42"3 ‘HU wd-ﬁ'ul JB-E S00
1o

2025-11-22 avelength [m]

Rayleigh

MIJ 320 31“) 3Ei} 380 400 ﬂ‘ﬂ d-dt:l iiﬁﬂ 480 500
oz, oA X| 223y, M oferren i

10— —
-~ Mie
Lo I Lo I Lo I D T T I PR I Lo I Lo I Lo
anh 330 340 360 380 400 420 440 460 480 500
Wa»leyangth [rum]



Hyper-Kamiokande 5

= 31d generation large water Cherenkov ST i tivoosame
detector in Kamioka Pt
= Diameter ~70m, height ~70m : :
= with ~260 kt ultra pure water O Enirance.
= providing ~190 kt fiducial volume W .-

(~8.4 Super-K)

INGRID

" Uprlght cylindrical shape
= Diameter ~70 m
= Height ~70 m

= ~20k 50cm PMTs will be installed at inner
detector

» Photo coverage (20%)
= x2 higher photo sensitivity than Super-K PMT

= ~4k 8cm PMTs mounted at WLS plate will .
be installed at outer detector '

2025-11-22 QFEH A T O1|u|x|ga|o+3| Futoystm 18

water equiv.x 1700 m




CP violation

_____________ Imoroved svst. (v./V. xsec. error 2.7% «seeaeennen mproved syst. (v /V, xsec. error 2.7%)
y ot (Ve - 8 R (R @i T2K 2020 syst. (v,/V, xsec. error 4.9%)
--------------------- T2K 2020 syst. (v/V, xsec. error 4.9%) —~
(?14_ I T T T T T T T T | T T T T | T T T T I T T T T | T T T T | ] E
x . < B
\é — 1 0 e e
= N T
2 @ B T e et
5 2 F "0p=45 et
E" % 6 % !..‘.3.‘.'.‘.‘.‘.‘.‘.‘.‘.‘.‘....l.“ e PEEEL LAt
® o [T T ey == 5 (7
o ”n_ 4 ......‘........‘\“‘;;\} \“‘ "‘”l:::".'.'.'.'|T~'-'-""""'""""""" LALLM
”D_ too W ‘“““ oy
@] [ s | Y o . TSP
2 ® 2
-(T) 0 Il Il 1 Il L 1 1 1 1 1 1 1 L 1 L
0 2 4 6 8 10
21 A\
Hyper-K preliminary Hyper-K preliminary HK years (2.7x10°" POT/year 1:3 vV)
True normal ordering (known), 10 years (2.7 x 10?2 POT 1:3 v¥) True normal ordering (known)
sin’0,,=0.0218+0.0007, sin’6,,=0.528, Am5,=2.509x107eV?/c* sin’d,,=0.0218+0.0007, sin°6,,=0.528, Am%,=2.509x10%eV?/c*

= Hyper-K uses the J-PARC neutrino beam to precisely measure CP violation in the lepton sector
= The paper titled “Sensitivity of the Hyper-Kamiokande experiment to neutrino oscillation
parameters using acceleration neutrinos”has been accepted for publication in EPJC

= After 10 years of operation, ~60% of §¢cp values to be excluded at > 50
= For maximal CP violation and improved systematics, 5 discovery in < 3 years

= The plots assume MO is known
2025-11-22 S, Do A= 2] st=], TES

— -

More details in arXiv:2505.15019
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sin? 0,3 octant

Statistical errors only
------------- Improved syst. (v./v, xsec. emor 2.7%)
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Wrong octant exclusion (| Ay?)
C

o

.56 0. 58 0.6
True sin 823

Wrong octant 3o exclusion

0'6: rrorrrTort L L ]
0.58F 1
0.56 i v e
0.54F e

i 0.52 - = Stafistical errors only .
“c T7TE  sewesss Improved syst ]
® 055w T2K syst. Ref [4] -
= o ]
2 0.48¢ —
0.46F [f"" ..................................... :
0.44F 7 :
0.425F .
:E 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 :

0 2 4 6 8 10

HK years (2.7x10?' POT/year 1:3 viv)

= Above 3¢ wrong sin? 8,5 octant exclusion for sin? 8,5 < 0.47 and sin? 8,5 > 0.55

= Wrong sin? 8,5 octant can be excluded at ~3o significance after about 6 years of Hyper-K data

taking

2025-11-22 S, Do X Z2letz|, ™l

More details in arXiv:2505.15019
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Note: JFY=Japanese Fiscal Year starts on April 1st

Timeline of Hyper-Kamiokande

JFY2020 JFY2021 JFY2022 JFY2023 JFY2024 JFY2025 JFY2026 JFY2027 JFY2028

A | I N ) [

Prepar N Tunnel Cavern Tank Detector
ation Const. excavation Const. Const.

Far detector

Operation

Accelerator
Near detector

Power-upgrade of J-PARC and Neutrino Beam-line
| ([ | | I
Near Detector Facility, R&D, production IWCD construction

Completion of the main
cavern dome October 3, 2023

The main cavern excavation
completed July 31, 2025

g, DoH A=t HEHOHStn 21



KNO and HK

Hyper-K

KNO ~
A (0.26Mt)

(0.5Mt)

B 2 5 deg. off axis

1.5~2.5 deg. off ax

he J-PARC vy beam comes to Korea.

[ JPARC
. -.:;" - i)
B R : S h
e a\a= === ::- - : ~N ) © '
M " o | see hep-ph/0504061
Off-axis angle By K. Hagiwara, N. Okamoura, K. Senda
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Statistical Significance (o)

CP Violation at KNO: &,

® Prospects of discovery of CP violation in the neutrino sector

Prospects for Discovery of CP Violation

Precision of &, Measurement

12 40
Ll — HK ~  F[—
| —— KNO(Bisul) — 35 —— KNO(Bisul)
1077 kNo(Bohyeon) S ~| —— KNO(Bohyeon)
k 0 30—
G =
i o C
8_ [« % [
i b 50
6— 20—
5 15—
il C
I 10=
21— .
L s
v v e b M b e e e b g | 0:\1|llJIlJ|ll|l||l1l|1|\\‘lllll]llll
0 50 100 150 200 250 300 350 0 50 100 150 200 250 300 350
¢, (°) 8, ()

® 10 years of Operation with 1.3MW of J-PARC Beam

® KNO (0.5Mt) and HK (0.26Mt)

® Sensitivity at Mt. Dumu is similar to that of Mt. Bisul



Supernova Neutrinos & Proton Decay at KNO

Supernova Neutrino

=X
B

-
K

¥ ¥ ¥ ¥
- Betelgeuse Galaxy Center Large Magellanic Andromeda
Cloud Galaxy

10° — HK
E Proton Decay

10%

p —en’

HK 258 kton, 3o
DUNE 20 kton — 40 kton, 36

’ KNO

KNO 500 kton, 36

Sy -~

Diffused Supernova Neutrino Background / _

600 10% /
1033 ///////

1 1
2028 2030 2032 2034 2036 2038 2040 2042 2044 2046 2048

Number of Observed Neutrinos
=
2

10%

I

107" 1 10 10? 10°
distance [kpc]

500 — HK(258 kton)
- — JUNO(20 kton)
— KNO(500 kton)

/

300

100

| o |
2040 2045

Ly | | | |
2025 2030 2035

® Assume that KNO starts at 2032



Status of KNO

® R&Ds on PMT, water purification system, radon system are in progress

PMT prototype Radon system

Alkali (Cs, Na, K) Metal Dispenser (AMD) Scintillator (with Al layer on top) + SiPM

Sb bead

y Glass-Kovar pin
7 sealing

Glass-Kovar tube “”
sealing Vacuum flange

Focusing electrode

® Software packages for KNO reconstruction has been developed to study

physics sensitivities of KNO

o J|EA “et= S/G0[Ar HS4 OHIESE ZAFE AT AFMZ|E R " BAA
07| 8 A F (2024)
- R&D AFY OH|EFFE AP TR of L=

30| A OF =2t of 2t 4| 1101

L 54 AHHZA YA oh3t 2
2|
2| 2|2F 2401 7} KNOAKRI O]l 3412491 o135t
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Donghae Map with OAA Contour

J-PARC v beam Off-Axis Angle

! 1108
5 0
. Korea/Japan
| Tsushima/Ulleung intermediate waters
E basin 500
]: &
L 1000 2
—_1 3
/"’;‘ ) * o
20 i 1500 =
- B
2000
Off-axis contour 2500
at 2,000m depth
3000
2025-11-22 g8, Lo X[Z o=, HHOistn
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dcp Fraction Finding Correct Ordering

n 0.8+
0.6

Fraction of ¢

04} [/
0.2,

JDx1 JD4KD at L=1141km
JDHEKD at L=750km JD+KD at L=800km JDAHEKD at L=850km
JDHEKD at L=900km JD+EKD at L=9%0km

—@— 5o level —— -3 level

OAA 2.5°, NO

-
“n

0 0 2 4 6 8 10 0
HK years (2.7 x 10'POT /year 1 : 3 v : D)

® The undersea detector at OAA 1.0° will discover the correct
mass ordering for all 0cp values within five HK years.

e _..while the land detector can discover it with only 52% of

e 11, Ocp values with the same_gpetation fime.
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A", Long-baseline oscillation DUNE R

Sanford

Deep Underground Neutrino Experiment

Underground
Research 2
acility e

Fermilab

e
2 s, L LB | L L * | R L | L ) ¥ L
I GENIE 2.12.8, 5, ,cyy (E,) v, Flux (arbitrary norm.)
— CC-Total I T2K: ND off-axis
....... CC-RES - NOvA: ND off-axis
83 T — CC 1p1h+2p2h Bl DUNE CDR Ref. .
------ NC-Total I MINERVA LE.

o(E,)/E, (10*cm?nucleon ' GeV ™)

0 1 2 3 4 5
E, (GeV)
Experiment | Beam Source | Detector (threshold) | Interaction Flavors Physics Status
DUNE PIP-II L-Ar Time Projection NC, CC, ES all Oscillation Construction
NuMI Chamber, (a few MeV) Interaction
(0.5~10 GeV)

2025-11-22

: Gwon, Sunwoo (Research Fellow)
: Masud, Mehedi (Research Fellow) -

(20254 10 )

Chung-Ang University
: Kim, Siyeon (Professor, IR)

Korean members of DUNE Collaboration

Park, Juseong (Grad Student)
Kim, Sunhong (Grad Student)
Nam, Hokyeong (Grad Student)

: Park, Yujin (Undergraduate)

S, Lo|HX|=2|et=], HHL

’

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

Jeju National University
: Ko, Young Ju (Professor, IR)

Seoul national Univ. of Science & Technology
: Park, Myeonghun (Professor, IR)
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2025-11-22

LArTPC technology provides exquisite re
solution

* Clean separation of v, and v, charged currents
e Precise energy reconstruction over broad E, range
* High Resolution & Low thresholds:

- sensitivity to few-MeV neutrinos, hadrons

- excellent for LE neutrino and BSM Search

Cryogenic systems

Neutrinos from
Fermilab in lllinois

FD S71X] B}
- Horizontal Drift (HD)
- Vertical Drift (VD)

2025 ProtoDUNE Run-Il (2T+4))
HD, VD &5 AlA| A= O o] E]
(Cosmic & Beam) -4 2138

. { i
L SRR
“ { A/ (<3
11t
Each module will be filled
with 17,000 tons of argon,

cooled to minus 184°C

FD2 - VD14m x 14m x 60m

| it R g ¥ 4 1 L W Ey A

2026-2027 DUNE FD VD A X]
2027-2028 DUNE FD HD A X] S Vsl W e

1
i i
»

il

2029 DUNE FD Physics Starts

ep DUE

NEUTRINO EXPERIMENT

30



Cryogenic Readout Electronics K-DUNE Activities

LAFTPC & APA ponri

L — } 3 i “ RMS noise
Readout~ -1 o : ‘ ’ L P
electronics =
V wire plane waveforms s 3
< Power consumption
< Power '
e T | L ) il

« Meet the DUNE requirements: less than 50 mW

=1 o Identified abnormal

|| response in a specific  The average RMS noise decreases from 11.19 ADC to 7.17

| ‘| readout channel ADC (36% — lower than requi (1000 ENC)
o Requires further inspection * Power consumption decreases from 98.01 mW to 92.65 mW

of integrity (5.5% reduction)

an' Im»t

l l l  FEMB QC testing at various Gain settings

RMS noise (RTvs LN)
% Phase-Locked Loop (PLL) lock range . D«wmmhudmem'epemedﬂmml
« 86% yield with conservative criteria cycling between RT and LN
Readout « 96% yield achieved with the updated criteria « Noise reduce by more than half at LN and integrated

electronics \‘ m non-linearity < 1%
‘/ 2025-11-18, St §=4, Masud 2|

Performance Evaluation from QC Data

Photon-
detector bars <

FEMB

O THL 00 T el oyl fay iy ﬂg
000 0 O0E O0E D0 w0 B0 EAT ARV

Internal Report DUNE-doc-35313.

: ¢ COLDATA configures and controls 4 COLDADCs and 4 LArASICs
e LArASIC provides front-end amplification

« © Fouradjustable gain levels: 4.7, 7.8, 14, 25 mV/fC

o Front-End Motherboard (FEMB) integrates All ASICs :

Ve
 BXLAKSIC S xCoUADC,2xCOLOATA o g TUVE



DUNE Software Development K-DUNE Activities

Wire-Cell Toolkit

Part 1: Part 2: Part 3:

Simulation 3D imaging 3D vertexing

Noise Filtering Clustering Particle Identification
Charge-Light Matching 3D Pattern Recognition

Neutrino Event Selection

|
MicroBooNE — SBND, ProtoDUNE-HD, ProtoDUNE-VD, DUNE FD

Liquid Argon Software:
Simulation and
reconstruction packages
for LArTPC detectors

Plane U | APA2 | PD-HD data
et NF a4, 5P DNN P AU

“ **  Wire Cell (Leader Xin Qian at BNL)
| | E B - Fully validated with MicroBooNE

. ' ‘ ‘ K-DUNE Activities
* Event generation: '

i ' - Extension to ProtoDUNE
Genie, CORSIKA, CRY, i\ .
SingleG dul ; \ _ _ - Extension to DUNE FD
Ingielen module \ - - Upgrade to DNN Wire Cell
\ o
S | » - Test of Quantum ML
¢ Simu'ation: G EANT4’ 200 1928 0 1) z N 8 .":“"‘-3 00 18 X0 1) /:;)l IS HN 8 / e Q
FLU KA \'A-eer-ms:u-ng] . ) . .
Q 2D waveform evolution in signal processing - Curre ntIy worki ng on ProtoDUNE

- Stronger team with more CAU,

. ian- Raw data > noise filtering >
Reconstruction: Seoul Tech, and Jeju University.

Wire-Cell. Pandora traditional signal processing >
DNN signal processing

l'" p
2025-11-22 G DoKX =22, M it m l’@ DEEPUNDERGRUUND

NEUTRINO EXPERIMENT



Stainless Steel Tank

Liquid Level Il
Stabilization Tank "

PMT Support
Flame

10-inch PMTs

Optical Separator

Nucl. Inst. Meth. A
1014 (2021) 165742

—
T Illlllll

—0°E ;
__fg g — JSNS® 90%C.L
s> F ] LSND 99%C.L
N'!' L [ LsND s0%cC.L
<E] 10 g P OPERA(2013) 90%C.L
1€
1 071 S
FJSNS? -
10*2 1 \éQ%5_11_22||H| Il 1 1 Illlli 11l
10 10° 102 10" ,

1
ein<?26

JSNS? & JSNS2-II

J-PARC Sterile Neutrino Search at J-PARC Spallation Neutron Source

Cable through
flange

Acrylic vessel
(GdLS 32t)

(JSNS2-11: Far detector)

arXiv:2012.10807

32 t GdLS

(6.2 m dia x 6.2 m (h) 228 10” PMTs)
"’:102 E o [—— mrFsoncL

g | =
i 3 S =

LLBLBLLAL

[ JSNS®-Ndngan3yfal by syt s|, &0l
by 1

102

107 10° 1072 107

sin®20

LSND anomaly in same method

* neutron source( u decay at rest)
* target(H)

« the detection principle (IBD)

JSNS? : 1MW x 3 years (near only)
* Near detector : fiducial 17 tons and 24m location
GdLS+DIN(10%) for target, pure LS for gamma-catcher and veto

*  Physics run starts from 2021

JSNS2 -l : 1MW x 5 years
* Proposedin 2020 (arXiv:2012.10807)
* Far detector: fiducial 32 tons and 48 m location

* Two detectors with two different baselines
- a solid conclusion on LSND anomaly

Construction is done. On commissioning

ok

gm 33



J-PAR

N
X

Rapid Cycling Synchrotron
(RCS) 3GeV

Maerials a fe A
Science Experimental
i Facility (MLF)

100ns

1l

£00ns

40ms

25Hz, 1 MW (design)

Beam power

 Two-bunch structure 383; 8?8;%%
 short pulsed b 100 O
short pulsed beam ( ns) 5023 - 0.84MW
2024 : 0.73-0.95MW
2025-11-22 LI DoKX =2z,

C facility & Accelerator

MLF building (bird’s view)
P =

Hg target = neutron
and neutrino source

«-/ 3GeV short
/f} pulsed beam

17 ,
fof i
2
>
Far detector (48m)
o7/

R
\‘A = /ll/)7
g 500 [
5 =
?9 400 = . /
: - —Cumulative POT P ’
£ 300(- Y
- /’
200 ; /
E J/ 4.85x1022 POT so far
hE / (42.5% of approved POT)
Mubistn . L A D e
400719} qon2? 01108 e 01102 pne i1 440110}



Sterile Blind analysis
Observation & Expectation in signal region & side-bands

Good consistency with applying PSD & likelihood

. — Observed .
Comparison of Obs. vs Exp. (Using ~7% of JSNS? approved POT)
(Side-band?2) o
Accidenta ‘Energy side band .
k- 60._
- Prompt E e IR < NOF= | _ ]
s e e : i > i Side-band 1 i
1 ’ | 2, . (low stat) |
i I N N B B Q | |
| J 1 j i 3 S22 T . T
;w HES = Side-band 3 | Signal region | Side-band 4

3 : A S Obs:0event | Obs:Blind | Obs:1 event
21)' - '215' - ‘}I()' = ‘slsl = '4]()' - '4|5' - '510' - '515' = ‘()I() O; 0 5?5 B ‘l‘ T es 7| et EXP: 0-5 i 0008 : EXp: 2.2 i 0.4 : EXP: 1-2 i 0-2

Reconstructed Energy[MeV] R tructed Encrgy[MeV] O : :

O | n06+02 I

: o' . - | acc: 0.9 +001 |
g AT - AV1ix o o\ | Vefromp:07£03, .
3 ; w!fﬂ'i}]_,}_\ I T_L ‘ ,}i_L f g 7 i i
-ty e R R % Hm [T JTJ@ | 0 i Side-band 2 i
ET—_L =5 iy i [ it I =l — _ TT . 5 | Obs : 0 event |
T g - ' Exp: 0.9 + 0.2 |
- - L MENE o | |
- 4.5/8 . 10? X2/NDF= m Gc) ! ! ‘
S0 P O U I 0.0 0 om0 % = 20 50
0 20 40 60 80 100 0 500 1000 1500 2000 2500 i‘&){}(l)x" : [na{ﬁlﬁx)

Energy of IBD prompt candidate [MeV]



KDAR Results

= 2021 physics data is used. (1.4x10%% POT)
= KDAR candidates : 621 events
= Best Fit Bkg : 144.41313 events

(mDIF v dominant)

Prompt Delayed
Energy 20~150MeV 20~60MeV
Timing 2 X 150ns AT < 10us

(Beam centered windows)

Positio| R < 140cm -100cm < z <

N 50cm AVTX < 30cm

Delayed Spectrum, Data & MC

140
>80f
E -

120 ar
260-
%50*
[&]

Counts /5MeV

100 a0

30
20

80

10

L a&ec?)%strﬁ}cteéﬁt?ng?gy ?ﬁde\ﬁj

60

—I— Data

Combined Background

40

MNon-KDAR Neutrino Background

Accidental Background

20

Cosmics Background

S

1 1 L L ] I 1 1 1 1 1 g —
50 100 150 200 250 300
Reconstructed Energy [MeV]

= mono-energy (235.5MeV) of KDAR neutrino

» The first measurement of Missing Energy due
to nuclear effects (shape-only analysis)
=> By using the KNOWN neutrino energy.

E,, (missing energy) = E,, —m, — Ey;,

<=Unfolded E, is used.

= Standard candle for improving the understanding
of the low energy neutrino-nucleus interaction.

Eva’s [MCV]
140 120 100 80 60 40 20
% 0 4 [ I I I I I | I I I | I I 1 | T T ] I 1 I I | I I I
E . E —I— Data (Stat. Error)
S b&ﬁo.as :— | Data (Stat. + Syst. Error)
03 - e NuWro Prediction (v21), %= 35.5 (16)
E NuWro Prediction w/o FSI (v21), x> = 53.3 (16)
0.251— | b meeeeee GiBUU Prediction (2021p1), 3* = 176.8 (16)
0.2 - RMF+ACHILLES Prediction, §? = 58.1 (16)
0.15— I
0.1 i | P
005 Kii I‘H‘"’-‘rh-_h
0 :_-_ _!_-_:_-_._.:I_.._!_ = :—‘-'I ] | ] ] ] | ] ] I ! : 3 ) dalda
=20 0 20 40 60 80 100



CENNS-1ton

« 750kg Liquid Argon detector with 122 PMTs

* Replacing CENNS-10 at the same location
(Neutrino Alley at ORNL)

« Expect ~4400 CEVNS eventl/year.

« Measure CEVNS with 5% precision in 3 years.

« Precision physics study.

1200

- Bcewns
1000_— D BRNS
800 [ CENNS-10 CENNS-1ton

B (1.5 year) (Events/year)
s00l— CEVNS 159 4400

B BRN 563 4000
400 [ SSB 3131 92000
200{—

1’ 1 L1 I L1 1 1 I L1 1 1 I 1 1 11 I 1 1 I 11 11

0 30 35 40

Energy [keVee]

o

5 10

2025-11-22

U

19.3m

Hg TARGET (

SHIELDING MONOLITH

CONCRETE AND GRAVEL

CENNS-1ton

NuThor ™ Gemini

I

NIN cubes,
Nal185kg
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CENNS-1ton detector overview

Snout
will be filled with evaporated Argon

Liquid argon
filling line

LN2 inline

AN AN — N

PMT array
Total 122 PMTs

Vacuum Jacket

LN2 circulating line

2025-11-22 =, 00| X|Z2|stz|, ™ =y

<4 (Cryocooler part ‘ b

Two PT-90 cryocooler

80~100W at Liquid Argon temperature
Base temperature is lower than 40 K

Inner
chamber




CENNS-1ton progress

CENNS-1ton chamber test at SNU Test Setup at ORNL

Liqﬁid iNitli'ég en
— Transferred transfer
- Evaporated

-~ Accumulated

1 ton chamber fabricated by Korean

I
"

company

oled®™ L L. o 1w | b
i 2024/07/20 2024/07/21 2024/07/22 2024/07/23 2024/07/24
Delivered and Assembled at SNU o 090000 090000 30000 390000 g

FE——

Vacuum test done
Liquid Argon Transfer test.
Ar condensing and LAr transfer tested

* LN2 precooling worked well
2o oz

CENNS-1ton detector Vacuum Test at ORNL TPB coating and PMT assembly

o bz .

TETEEERLY > G
——

PMT TPB coating is in production at a thickness of 0.20 mg/cm? to optimize

re-emission and transparency of 430 nm lights.

The coating thickness is verified by measuring the weight of a witness plate.

TPB coating on PMT and PTFE plates are completed.

PMTs are installed on the end plates and completed the signal line works.

=, DO X =2t 2|, M
=
MILY

2025-11-22




CENNS-1ton Future plan

2026-02 2026-03 2026-04
nstall Commissioning

« CENNS-10 (24kg) observed CEVNS in 2020, with 30% uncertainty
 CENNS-1ton (610kg) will reduce uncertainty 5% in 3 years

« lton detector is fabricated, assembled, and tested ay SNU

» 1ton detector has been delivered to ORNL after performance test.

« Assembly has been completed at ORNL and Vacuum test was done.
« RTD install and TPB coating were completed.]

 We will take data next year.
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6@4 Status of SND@LHC

LHC

Scattering and Neutrino Detector
at the LHC

S.H. Kim, K.Y. Lee, B.D. Park, J.Y. Sohn, C.S. Yoon
(Gyeongsang National University)

K-Y. Choi, S.M. Yoo
(Sungkyunkwan University)

Y.G. Kim
(Gwangju National University of Education)

K.S. Lee
(Korea University)

KSHEP & KPS DPF Workshop

2025.11.19 - 22 at JNU ~150 members
2025-11-22 ofi~ TofLx|2a|sts| Uit 24 Institutes in 14 Countries and CERN
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LHC Forward beam

B L B B
= 100L
= £
=}
U
o
3
s ¥
T, K, D, Ve, Vy, Vi HNL, ¥, A, ALP, mCP, ... L Lk )
g ES 3 7
- o~
=] 10-1L -
il mu [+ TKFe14 ® GCMSPSSI ]
Forward beam il | / T + TK(CH)14 W GGM-PS79
L =1 4 TK(©13 ¥ IHEP-ITEP79
Small angle (Iarge n ) = A ArgoNeuT14 ¥ IHEPJINR 9%
- . . = ® ArgoNeuT12 ® MINOS10
Majority of cross section EJ\ * ANL7 A NOMADO0S
Yz O BEBC79 ¢ NuTeV 06
Most of LHC experiments Sy A BNLEZ X SaooNE 11
¢ CCFRY97 ® SKAT79
Iarge ang|e (small n) 10_2 O CDHS87 #  IC HESE showers 17 (avg. of v, 7)
Small cross section 1001 1 10! 102 10° 10* 10° 106

Neutrino energy E, [GeV]

Emulsion Cloud
Chamber (ECC)

LHC Ring

The SND@LHC is a new experiment to study the forward produced
Py—— Neutrinos and Feebly interacting particles in the unexplored regions
of energy (350 GeV - 10 TeV) and pseudo-rapidity (7.2 < n < 8.4).

(Emulsion Cloud Chamber)



* Scanning > Automatic formation of Micro-tracks
« Off-line analysis > Reconstruction of Base-tracks, Volume-tracks & Vertices

HTSZ ( Hyper Track Selector)

) 5 MIP
JOORONIOHN
) b _o®
Normal ) ) ) )
Microscope ) ~ )
(ESS) J I\J J
)Y @) D0 e
IA) ) 2 O
J) ) J), R
%\ Tracks K &
\ - . . .
Aggrain %  gelatine in Emulsion "3 N
9.5x53 mm2 0.2 x 0.2 mm? Charged particle
Field of View
PN Number of grains obtained by HTS2
A I
Emulsion film j Micro-track i/ //' ’1'__ E : a— Number of Grain Layer = 0 060 Number of Grain Laye:: 1
(70 ”’m:‘ ‘ " /",l -; —Ag gralns 70000 v{\" 70000
g i il
. ; N 60000 A\ 60000 i 1\
. 16 t ici & o " 7
= ) y Pli;t(;c base Base-track by Hc:rn;;iaarr)mlicnlgmages § 50000 ‘\\ Mg § 50000 [
: . (170 pm) . . S 40000 W £ | ' 40000 1 aasdkb \
’ ' - e B TSI N 2 oo “‘3\ £l |
TS i : 4 N A W W LV A 2 ‘ \ 2 ‘
. . . Emulsion film i o ; 20000 § 20000 [ !
Fastest Emulsion automatic-scanning system /" Micro-track = Volume-tracks|—— |
(70 pm) S T T Y MIIIVL T S 5 Ot i
deVEIOpEd by Nagoya group Cross-sectional view of Emulsion plate ' NN T NINITT TN T ' S 20‘ T T R 2’0‘
L l’ |\l 'l\‘l l‘“l’ / ,\ | ! 2 picture number picture number 2
e e T TINTWIN T TN 3 "‘*’"ST i “"*; e S
. econ? ruc |on1:') olume-track s ',' | l 1\ \\W V ! \{ 8 op ottom a
Scanning speed & vertices by using Base-tracks o S I N R BN AN B AN emulsion film emulsion film *
~ 10 m|n/f||m through consecutive Emulsion films | [T |Vertex kT T
[ L /NN [

HTS2 Scanning - Micro-tracks > Base-tracks

Emulsion film > Volume-tracks = Vertex reconstruction

19.2 x 19.2 cm?

thick I N Reconstructed event
20253_19_545“ Oot I:C'::! A, —TI—O“ I:I X| = E' (%F—Ql, II_-l IE-I- I:H cl||-JT||— with 2 vertices




Observed Collider neutrinos in SND@LHC

v, candidates (1u): 32 events PRL131,031802(2023) | Tp paper
v, or NC candidates (Op): 9 events

PHYSICAL REVIEW LETTERS 134, 231802 (2025)

Observation of Collider Neutrinos without Final State Muons Op paper
with the SND@LHC Experiment

Base-track
cluster

46000

All segments (Base-tracks)\along beam-direction

Emulsion scanning using HTS2 at Nagoya 5000 Scanned
(July - Aug 2025)

. 3750 Candidate of v, CC event using the Base-track cluster
Total scanned films: 702 ‘ - A ¢ ¢
- /'
5 2500 ! * Our group just started Emulsion scanning using HTS2 for SND@LHC
e 21 ECC targets have been E ) i - about 700 films in 2 months.
replaced from 2022 to Oct 2025. 1250 - 2025, 7 * To the next step, we will proceed off-line analysis in order to
. _— i i reconstruct the Volume-tracks and Neutrino vertices.
e About 7,000 films were exposed i | _ ] i _ _
dd | d (~ 258 m? 0 —— - * In parallel, we will continue Emulsion scanning to get the Micro-
and developed ( m?). 09/22 03/23 09/23 03/24 09/24 03/25 09/25 tracks.

Date
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« RENO, RENE, S = L{ 7|dt A

« IceCube, Super-K/Hyper-K, DUNE, JSNS2, COHERENT, SND@LHC & = X| &

e KNO, Donghae=H| THA|
« ot A EIO| 7| O

- Z717t 4Ol AN 22 X E & g1}

- AN CHE A0 A Stial Fet =3
« XEMICH 2= A (KNO)E A 5 E

A&

BS S-AUA 2™ 2
* Highlight from IBS-Center for Underground Physics (4 @ = (IBS))
- 0|0 SE0IXr =7 (*22 (250t

2025-11-22 FE, AofH X =2z, M Hn
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Coherent Elastic Neutrino Nucleus Scattering (CEVNS)

scattered
« CEVNS theorized in 1974 —70 EEIHED
* First observed CEVNS using Csl[Na] in 2017 [Akimov et
al., Science 357, 1123-1126 (2017) ]
* Neutrino interacts with a whole nucleus when QR <1
* Precise cross section for spoin-0 nuclei within the

v
Standard Model sedary

S

§  recoils
scintillation
2 2 2 13 s CEv oy 12 —Pbwv ota
do _GiM(, 2L I MW o ey CE e T o
dT 2T Ev E& E& 4 10: -~ ™iGe CEVNS e Pb v, NIN 2n
SP— “°Ar CEVNS
M: Nucleus mass, T: recoil energy < 1; - ®Na CEWNS
F: Nuclear form factor Q: momentum transfer { i
. ::10‘1:
« N2 dependent cross section § L
3 107? E_
(Q4 = (N — (1 — 4sinb3,)Z)? = N?)
« Dominant process in low energy (< 100 MeV) o
- Max recoil energy = 2E%/M < 100 keV ok
2025_11_22 %k: %\_’ __'I_O-”LTin%El_é__rE—El’ le |EI_|.E 5"I 1 | I1|OI 11 I1‘5I 1 1 I2|O:I 1 1 I2|5I 1| I3|OI 11 I3‘5I 1 1 I4|0I 1 1 I4|5I 11 I5|0I 1 | I55 47

EH
_(.ﬂﬁ Neutrino Energy (MeV)
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Prediction from NEOS/ RENO NEOS / prediction from RENO

PRD 105 (2022), L111101

T TTTI I I T TTTTI I I T BRTTTI I I TH
11 = | | i | :
RENO-NEOS cl:) E O-”A-I 4|:HMH A D|X|'O| ~=—— RENO+NEOS FC 95% : - =
Mg gt ‘ Sie=
o= = ?_:l - RENO+NEOS FC 68% (allowed) : __? .
| —— = -
o T e B RENO+NEOS RS 90% — :———':-""E, 7]
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Spallation Neutron Source (SNS) at ORNL
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CENNS-1ton: Related physics
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