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Super-Kamiokande

= World largest water Cherenkov detector

= | ocated 1,000 m underground in the Gifu
prefecture, Japan

= Upright cylindrical shape
= Diameter ~39 m

Height ~42 m
Inner detector ;: ~11k PMTs, 20"

(Photo coverage 40%)
Outer detector : ~2k PMTs, 8"

Filled with 50 kton of pure water
» from 2020, Gd was added to water

2025-06-25 K-Neutrino Symposium
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Physics target of Super-Kamiokande

« Neutrino physics

 Accelerator and atmospheric neutrinos : neutrino

oscillation (CP violation, Mass ordering)

e Solar neutrinos : Non-standard oscillations and

Interactions

« Neutrino astrophysics
« Supernova, Solar, Astronomical objects

« Beyond standard model
* Nucleon decay g?a
« Dark matter positron P
« Sterile neutrino, etc. 12

Proton \

gamma

2025-06-25 K-Neutrino Symposium
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History of Super-Kamiokande

half bhot Photo overhaul to
accident a7 PO coverage - Replaced prepare SK-Gd
\ coverage recovered  QBEE board

20[)2 2(;66 209(

SK-11I

1996 2018[2019 2020 2022

—ﬁ

Pure water Gd-laoded water

2025-06-25 K-Neutrino Symposium 4



Super-Kamiokande with Gadolinium

« SK-Gd phase
* Increase neutron tagging efficiency : 20~30% 2> ~50% (SK-VI 0.01%) = ~80% (SK-VII~ 0.03%)

before Gd-loading ~ « Expectation of Gd-loading

« Supernova neutrinos : DSNB, SRN, etc.
 Increased sensitivity, directional resolution, reject IBD backgrounds

Reconstructed neutrino dlrectlon

1 3 3

: g g

: § §

g 8

i Right ascension (deg.) Right ascension (deg.)

i Before neutron tagging After neutron tagging
after Gd-loading « Background rejection is improved in atmospheric neutrino,

solar neutrino and proton decay analyses

2025-06-25 K-Neutrino Symposium 5



Korean contribution for Super-K

e 5 Institutions, 13 researchers
 According to the Super-Kamiokande collaboration author list, May 2025

» Calibration
« Water parameter measurement
Monitoring attenuation length of Gd-loaded water
PMT timing-charge calibration
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Korean contribution for Super-K

* Solar neutrino analysis

« Periodic time variations of the solar neutrino flux : Yang Jeongyeol(IBS)
» Published 14 June 2024. Phys. Rev. Lett. 132, 241803

 Proton decay analysis
e poetn®n? p - utnn0 : Seo Ji-Woong, Kwon Eunhyang (SKKU)
» The publication is being prepared
« p->vrnt,n-vr® : Jung Seunghyun (SNU)
» The publication is being prepared

- pp - ettt(Jung Seunghyun), p - e*y(Kwon Eunhyang), p —» e*K" (Lee Minwoo)

« Atmospheric neutrino analysis
 Search for sterile neutrinos using atmospheric neutrino (Seo Ji-Woong)

2025-06-25 K-Neutrino Symposium



Introduction of poster presentation

* Nucleon decay
 Jung Seunghyun (SNU)

PER Search for nucleon decay via p - vrt and n - vn®

in 0.484 Mton-year of Super-Kamiokande data

Seunghyun Jung? for the Super-Kamiokande Collaboration

1Department of Physics and Astronomy, Seoul National University

Analyzed all Super-K pure water period data (SK-I to SK-V)
An improved pion interaction model is used compared to the previous analysis

Signal spectrum fitting was performed with updated systematics and enlarged fiducial
volume

The 90% C.L. lower limits on partial lifetimes are set at 3.5 x 1032 and 1.4 x 1033 years
for the p - vt and n - v® modes, respectively

« For more details, please visit the poster and talk to the presenter!

2025-06-25 K-Neutrino Symposium




Hyper-Kamiokande b

: »
|
Next generation water Cherenkov detector TN oo

= Located 650 m underground in the Gifu Hposaieied R
prefecture, Japan

650mi
- 'y

HK
Tunnel .
Entrance

= Upright cylindrical shape — L
= Diameter ~70 m G SR -
Height ~70 m N
~20k PMTs will be installed at inner detector
= Photo coverage (20%)
Filled with 260 kton of pure water

5 times larger than Super-K

Route 41 |

|
\Water Depth\71m

= As of October 2024, about 600 researchers from 22 ‘ |
countries have participated in the experiment =

2025-06-25 K-Neutrino Symposium



Timeline of Hyper-Kamiokande

Now
|

JFY2020 JFY2021 JFY2022 JFY2023 JFY2024 JrY2025 JFY2026 JFY2027 JFY2028

Prepar
ation

Far detector

const.

excavation

PMT product

PMT

Tunnel ' Cavern

ion

Tank
Const.

cases, Electronics etc.

Detector
Const.

Operation

Accelerator
Near detector

Power-upgrade of J-PARC and Neutrino Beam-line
-/ [ | [

Near Detector Facility, R&D, production

IWCD construction

Note: JFY=Japanese Fiscal Year starts on April 1st

2025-06-25

K-Neutrino Symposium
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Construction of Hyper-Kamiokande

AN
TS

Completion of the main cavern dome The main cavern being excavated to a depth
Oct. 3, 2023 of 45 m in the barrel section
Sep. 20, 2024

2025-06-25 K-Neutrino Symposium




Construction of Hyper-Kamiokande

A test called the "100-sensor measurement” Prototype 8cm photosensors for OD under
involves placing 100 photosensors in a consideration were tested in a darkroom to
darkroom, powering them on, and checking evaluate their performance.

their electrical signal output.

2025-06-25 K-Neutrino Symposium




Korean contribution for Hyper-K

e 7 institution, 19 researchers
« According to the Hyper-Kamiokande collaboration author list on webpage, June 2025

e Calibration
« Water parameter measurement same as Super-K

Laser injector design

 Testing monitor PMT (NNVT and Hamamatsu) and fiber coupler
Laser simulation

Side view

ND filter to tune
the light intensity

2025-06-25

BK7 window

\-

Charge [pC]

(Ref 2E + 06)
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K-Neutrino Symposium

1010 1020 1030 1040 1050 1060 1070 1080 1090 1100

High voltage [HV]

# of back-scattered hits [ /10nsec]

T-tof histogram

for injector region (back scattered region)

10000 4

8000 4

6000 -

4000 4

2000 4

o

1 ref.
intensity x2
[ intensity x0.5

Scattered hits
: { | Reflected hits

-200 0 200 400 600 800
T-tof(tar) [ns]
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Korean contribution for Hyper-K

« PMT pre-calibration

« PMT test before installation
* Measure position dependence of QExCE, gain, timing, charge, SPE response
« Study QE dependence on angle, polarization, wavelength

 Collaboration among Japan, Korea, and Australia
 Calibration devices developed by Korean and Australian groups
« Tested in CNU and the device being installed in Jikkento
» Pre-calibration conducts in Japan

2025-06-25 K-Neutrino Symposium 14



Korean contribution for Hyper-K

e Electronics

« KNU has completed the development of a signal switcher for calibration.

e )

Ultra low noise
amplifier

-

Externally
controllable
Variable
attenuator

e
.
—
>
—

Externally
controllable
RF switch

* Quter Detector (OD)
e 3-inch NNVT test is done

« Participate OD DAQ
« CNU SRC plan to purchase 1 million USD over the next three years

24 outputs
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JTAG o be ¥ 17 =  Outputs
! i )
Flat Cable i

16-ch Signal Switcher Four Sets of 16-ch Signal Switcher Boxes

AXICOM
FPGA

(40 pin)

* No Hyper-K poster is presented this time, but feel free to contact us for more
information.
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Summary

« Super-Kamiokande
 Ultra pure water + Gd : Gd concentration is 0.01% (2020~2021) and 0.03% (2022~)
« Gd-loaded water allows for improved neutron tagging efficiency
« One poster presentation : proton decay analysis (Jung Seunghyun. SNU)

« Korean contribution
» Water parameter measurement, PMT T-Q calibration, water quality monitoring, physics analysis

« Hyper-Kamiokande

« Next generation water Cherenkov detector
* Volume increased about 5 times than Super-Kamiokande
« Data taking will be started 2027

 Construction and testing are on-going

« Korean contribution
« PMT pre-calibration, water parameter measurement, electronics design and produce, outer detector
construction, laser injector design and test

2025-06-25 K-Neutrino Symposium
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Galactic supernova burst detection

 Neutrinos can escape from a
supernova earlier than photons.
 Neutrinos arrive few min ~ hours
before photons
e Observation of the neutrino burst
can inform telescopes.
« SK can detect the direction of
SN by itself
* Improvements in SK-Gd
» Significance of SN is enhanced
if we observe many IBD events.
« Automatic alert
* the pointing accuracy has been
improved.
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PMT

Hamamatsu AF2| 50 cm Box&Line PMT
"R12860“
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MM QL 5 MO BE %)

(Wavlength shifting)
Outer detector: PMT+WLS plate Photosensm s/elec. moc,kup Underwater Case design and

electronics: feedthrough

E]ec Véfibe] +

ssoﬂtmn cover
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Korean Group Representative Executive Board

Jonghee Yoo Jonghee Yoo (Chair)

Jee-Seung Jang (General Manager)

Kyungkwang Joo
Intas Yu
Dongsu Ryu

OD System Calibration Electronics Simulation
Jee-Seung Jang (Head) Bysongsu Yang (Head) Jik Lee (Head) Dongsu Ryu (Head)
Dongho Moon (Purchass) Jee-Seung Jang Jungsic Park Kyujin Kwak
Myoung Youl Pac Ji-Woong Seo Chang-Seong Moon
JuneHo Choi EunHyang Kwon Hyun-Sun Jo

2024-07-26 LF&H==, K-neutrino symposium, & &L 26

-



. OF 29 (2F 4007H)2| PMTE Z

. e

oA ©

X

% oo rot

02
all
el

ot= J&2| 7|04: PMT pre-calibration

QEXCE Gain, A|Zt, ™S} EFA

—

oo T O

of 2| o =X
« QEQ| 7_|+5 Ha IR o|&EM

=~ 12 ¥

H - 1

L

~

>-r_9¢t‘J—

@ OMrT H rot
L 1

2024-07-26

}I?

ot fot

§-I>I

oe-t—'—

L2mM ™

+0| ZZ| 22 0[H FX[ 7HE.
pre-calibration

At
02 1y

o\

0zl

i)

x| SH

OoO.
HIS
| A ZHE et
Y=<, K-neutrino symposium, H ECHetn

N

ennhangm

4 : _‘

27




ot= A58 7|0: 22|22

» SKO|A2F 20| 20N MEFEL S48 S84 1 S
oiffl 8 CINEH 47 3. AlEH0|deE d5 84 (Eud7|& 882 shd/sK
ot= Gl+& )

2 candidates for Korean injector

Cube beam splitter for monitor beam Fiber coupler for monitor beam
° o . .
Side view Eront view Side view
z= 2675
ND filter to tune
the light intensity
160 mm
z= 1350
ND filter to tune
the light intensity
zZ= 675 e light intensi
z=0
Light injection
z=-675 to HyperK tank
Z__1 350 Beam splitter

100 mm

We’d like to measure the injection light by monitor sensor
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attenuator RF switch |
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-V 16V
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perial Board Board Input
Port
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Out
AXICOM
FPGA 1IF3S relay
JTAG Outputs AR
Flat Cable
(40 pin)

2024-07-26 LH= K-neutrino symposium, ™ EC{E W 29



St 19| 7|0: OD (H}Z A=7))

OD PMT (3 inch NNVT) A|& &=
OD DAQ QCH.

1800

Voltage [mV]

1700

1600 . l ; PR IV W T N S S| ‘ L ; A
6500 7000 7500 8000 8500 9000 9500 10000
e — Time [ns]

# of after pulse was counted for 10 usec (6800 ~ 16800 nsec)
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