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Super-Kamiokande

Collaboration

~250 collaborators
from 59 institutes
in 11 countries

Kamioka Observatory, ICRR, Univ. of Tokyo, Japan
RCCN, ICRR, Univ. of Tokyo, Japan

University Autonoma Madrid, Spain

BC Institute of Technology, Canada

Boston University, USA

BMCC/CUNY, USA

University of California, Irvine, USA

California State University, USA

University of Chinese Academy of Sciences, China
Chonnam National University, Korea

Duke University, USA

Gifu University, Japan

GIST, Korea

University of Glasgow, UK

University of Hawaii, USA

Hiroshima University, Japan

IBS, Korea

IFIRSE, Vietnam

Imperial College London, UK

ILANCE, France/Japan

INFN Bari, Italyl

INFN Napoli, Italy

INFN Padova, Italy

INFN Roma, Italy

Institute of Science Tokyo, Japan
Kavli IPMU, The Univ. of Tokyo, Japan
Keio University, Japan

KEK, Japan

King's College London, UK

Kobe University, Japan

Kyoto University, Japan

Kyungpook National University, Korea
University of Liverpool, UK

LLR, Ecole polytechnique, France
University of Minnesota, USA

Miyagi University of Education, Japan
ISEE, Nagoya University, Japan

NCBJ, Poland

NIT, Nihama college, Japan

NIT, Numazu college, Japan
Okayama University, Japan

Osaka Electro-Communication Univ.,Japan
University of Oxford, UK

Rutherford Appleton Laboratory, UK
Seoul National University, Korea
University of Sheffield, UK

Shizuoka University of Welfare, Japan
University of Silesia in Katowice, Poland
Sungkyunkwan University, Korea
Tohoku University, Japan

The University of Tokyo, Japan

Tokyo University of Science, Japan
University of Toyama, Japan
TRIUMF, Canada

Tsinghua University, China

University of Warsaw, Poland
Warwick University, UK

The University of Winnipeg, Canada
Yokohama National University, Japan
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et https://www-sk.icrr.u-tokyo.ac.jp/sk/for-reseacher/

2026 A—=N—AZIFAHFICBITZBHEE R -2 — M /ERICAT-RESBER UVREFZRIGOIE
Study of detector calibration and nuclear interaction for the diffuse supernova neutrino background
search in Super-Kamiokande
Hamaguchi Koki, Master Thesis, Okayama University, February 2026
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Cosmological v

Solar v

Never detected
It's my dream!

C. Spiering EPJ 37 (2012) 515

Supernova burst (1987A)
- _

\ ___-Reactor-anti-v

Backgrou nd from old supernovae

Terrestrial anti-v

v from AGN

v
10¢  10™ 1 10° 10° 107 10" 10 10
peV.  meV eV keV MeV GeV TeV PeV EeV
Neutrino energy

—

(Energy: Kinetic energy)

3.5~ 20 MeV
~15 events/day

Supernova neutrinos
A few ~ 20 MeV —Never detected in SK

—

.

~ Several thousand events (for 10kpc)
— Expect a few DSNB per year o

Neutrinos from
past supernova explosions

Neutrinos from
past SNe

Atmospheric neutrinos
100 MeV ~ a few 100 GeV
~ 10 events/day
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Core-Collapse Supernovae create Elements

o NiZDELLLDEEDE DA

The final stage of stars with M>8MQ®
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Birth of a Neutron Star or a Black Hole
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99% of the total explosion energy is carried away

by neutrinos.

o ERDYE (TTHR)DLHLE !
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The Origin of Heavy Elements: Neutron Star Merger
& TR LTARIIIGEGE
Gold, silver, rare metals, etc.

o I, ENEDBREFTHN>TEE, FHICITEERNZLY,

There are many binary systems in the universe. Gravitational waves can be observed even from great distances

o FHEFNKEAHO>T. TCVIRIILEF—>BEMENT IO

Lots of neutrons and tremendous energy = nucleosynthesis

o BHRIFELTHLEBTES. 2017F(ZE A KAGRAD &R A
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The Crucial Role of SK in Supernovae
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Early Warning System: Since neutrinos arrive first, SK alerts other optical telescopes.

SKDFZWNETAHIK
t~-100 ms W Bkt IS -BEFDAM
SuperNova Core Collapse Core Bounce Shock stall . . 75‘\*) MNE5DT E%‘EE'@%

~10-100 ms  Shock Wave Shock revival NS Cooling  Optical burst DERERHIND
(0]

Dying star
« SN v detection NPl By determining the direction of the
. : . recoiled electrons, it can point to
determination | A - }I E the supernova’s direction.
\tl)veltsr}[ J:)hoessible v, burst v @l v @b EREMTDTIA ;
pointing accuracy (neutronization burst) e Ae (Next slide)
« Alert issue Super-Kamiokande Astronomical Network /

“PNUPER
Sic, SNWATCH PN oo wave
SNve Event cluster! K o
"'1‘ amioka
o determination e.g. Terrestrial Telescopes Telescope

< .
1~ recoil
</ electron

Multi-messenger Observation
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Further Enhancing SK: The SK-Gd Project
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64 Gadolinium

T KL=
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Adding Gadolinium (Gd) allows us to distinguish between electron neutrinos and electron antineutrinos.

& AR LOBEFHERITREL. 0.03%RETI5S%DNEELD

As its neutron capture cross-section is large, 75% capture efficiency with just a 0.03% concentration.
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Loading Gadolinium

& 40 ton o)ﬁﬁ&jj‘lil) WA’E‘E 20kg X 71— )L2000F5 1H 2

g =ML T aniBoE-BE DAy

Durmg the pandemic period
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Improved Pointing Accuracy with Gadolinium
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The accuracy in determining the direction of a
supernova explosion has dramatically improved.
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C nasa.gov B) X < Y @ N =

@ Firefox £\ 5%25 @) Firefox £EW\H25 @) Firefox 2B HZS  £F S<BAA-T | TESHARF#EET.. @ Editorial Manager® [l ICRR computing syste... » O todvrv-y

EE An official website of the United States government Here’s how you know v

u@sﬁ General Coordinates

Network Missions Notices Circulars Documentation Signin / Sign up

Due to the lapse in federal government funding, NASA is not updating this website. See the Operations FAQ for GCN impacts.

New! Super-Kamiokande JSON Notices and Schema v4.5.0. See news and announcements

- ' g Transient . //X
o " Large ° / /// =
4 Miss%ns | /f// //// “

GCN:
NASA's Time- Domaln and

Medium

Multimessenger Alert System. T4

istri ; d- ' RNy General Enurdmates .
GCN distributes alerts between space- and ground-based \ : Notwor (6N

; . . \
observatories, physics experiments, and thousands of -+ . “\
" ubeSats

-
Ground
Stations

astronomers around the world.

Cherenkov & 5
Telescopes

Oical Meutrino
Telescopes @ Detectors

Start streaming GCN Notices Post a GCN Circular
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« IO LAANICNASA GCNIZIEHR =z =) HFR DR 2 v b7 — 7 ICEIHAE

Transmit information to the NASA GCN server within 90 seconds and instantly share the alert with astronomical

networks worldwide. BRI EMEAE| R R

Supernova

All-Sky Automated

\ ; @TEII‘HEI-E EO0zEnN

gravitational
wave

infrared
Visible II,II

Xra I
gammayray %’

General

Coordinates
Network

neutrino

o X-Ray Imaging and
, Spectroscopy Mission

/ bt B -~ Via 1 a -y (GCN)
; TRANSIENT 5 .
/ ey : NAME SERVER . —
i e ) t i + ®/ “\ﬁ
2o N Circulars are now part of the new GCH! > e+
¥ " VERAC.RUBIN

Super-Kamiokande
19



HEERICEFHEFERRZE BT L= D7 A KHl
BHETILTFAYVEOO—RKNEFEDEEA

Collaborative Framework for Reliable Supernova Observation
Towards the Realization of Supernova Multi-Messenger Astronomy
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o ENURXE. LBEKXF, MEKXF, REKXY, REMPRE AOEAF, J#MAF. &
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HLE D AyRT—% OISTER [2&BT74+0O0—7 v & HI{AH

& JAXA (+ESA+NASA) X#R D SEIRIEEE XRISM  BESA DA EE
& AINAFMILKFPILD2068 DE=EE All Sky Automated Survey for SuperNovae ASAS-SN
& NSF-DOE Vera C. Rubin Observatory 8.4m®M At LRIV iR = 5
o SKEA—BEBEAGTE BAREZEHMBAEERIC2026FENS24FEM[ IR !
¢ ENLRXENVAEBIRTIELLERTEEL TR

o
Tt

20



By AL

BEDEHERFEDSD
—a1—h~) /=R

50 {850

100 f2F#1

138 {2

BELEET
HTEE=—a1—K)J/

Searching the Past: Supernova Relic Neutrinos

o FHIZIX102ZEDEEMNHH>T. ZDHH
IHEE R CIRI0V7EDEBFHEZERE MDD
Za—k) /BB LTS EEZONTLNS

SCD=a—k)/IEx. BOREYE
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It is estimated that neutrinos from 10" past
supernova explosions have accumulated up to
the present at a flux of 1,000 / cm?/ s.

Sl =ar— P (FE = S| S Z N s
1 JKAE /cm?/s

& REF=a—HM)/ZFE g LKLY,

& SK-GATCHRIEBMIZERENT Eo71-!

We should search for electron antineutrinos.
Sensitivity has dramatically increased with SKzIGd!
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Data from 956 Days After Gadolinium Introduction

Atmospheric-v (non-NCQE)
Atmospheric-v (NCQE)
Spallation °Li
Reactor-v
Accidental coincidence
DSNB (Horiuchi+09 6-MeV, Max.)
<4+ SKVI+VIl observed data (956.2 days)
BDT Neutron Tagging
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40

Erec [MeV]

Astrophysical Journal (2026)
accepted

2.7—4
- BEROERETIL)TE
ZTDMDE /NI SHOURFRE

RETRICBATEZE S LIXALEDHONIEULDY, Jkix ?

Not yet recognized as a statistically signal, but a hint?

ShIZ700B DT —FZEMLU-fFiTZEik
SHIZEAIZ D DI IRIEA S EEHLA !

Currently analyzing an additional 600 days of data.
Continuing observations...from a hint to an evidence!
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Future Search for Supernova Relic Neutrinos (DSNB)
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Super-Kamiokande LowE Group
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