Super-Kamiokande
LowE/astro group

(ﬂ\ FHEMER FE-_a—N) /RIS
AMIOKA EAaFZ

OBSERVATORY

202556A7H FHBRMRMAKEREREFHA TR



FH—_1—N)/HEEP
HH Sa— R OO RR T EEL TR SR T YRR ORERET S
. EHLATTETNZDA

Neutrino
Atoms Dark
(o)
4.9% Energy
68.3%
Dark
CPehad ] Matter
Ewd i\ X’ 26.8%

«— 13884

NASA/WMAP 2012
ESA/Plank 2013

202556A7H FHBRMRMAKEREREFHA TR



FH—_1—M) /HE Y
R OO RN TEEL TR - ST YESOMERAT S

— 11—
Za—k)/OEEYMENRENGKZEIZR-LTLSIET

Dark

Neutrinos
10% Matter
63%
Photons
15%
Atoms
NASA/WMAP g pxpsraees

Super-Kamiokande, T2K. i 2B EEIER

12%
Hyper-Kamiokande

(Universe 380,000 years old)
2025%46A7H FHEREMAFREFHA LR



E?—J—FU/&&E?—J—F'J/’.EIZEIJ_Iﬁ'é
- B¥E-a—tU/RRERET



http://www-sk1.icrr.u-tokyo.ac.jp/sk-fullrecon/_private/pmt/photo/nakahata-photo-select/PH21-water-near-full.JPG

I i EERT SEE BN

HFTFO=FRoRN

zusLi -~ L —
ARFIO—-F krx

FORARVEL

SKZRDY 4 X
(®40m)

i‘iyflllllflllllﬁ




7

b < =
%‘? : J
N / — & - g |
b b :

ON Experime

i

t@ 47

(Ll
.l N
/ ’/// ‘ '/%Hm N
T
)

o A \

NN

N\
N

SN
S

N

NN

N
NN

N

N
NN
NN

NN
N

NN

7
W

XN
N

N

A

R&D@<IE




o 4

FH-_21—M)/BFAOHELELTHAEARNE

4 [E] 7 B =R I R R AR

A8H T 1—X

A |

18F
Fx L
B
ESEAY
]
T H
1% [

= e —

HFE—1—

#lE 7 % - 48 2 ROBIB T
1] F EH R AT

£

SK atm/pd T2K HK

SK atm/pd EBEE¥E HK
SK atm/pd T2K HK

SK LowE HMEEYE HK
SK atm/pd T2K HK

SK LowE HMEE¥YE HK
HK

el

Bt SK atm/pd T2K HK

R

SK atm/pd EEE%E HK

M /BAIERmME L5 —

¢y o BT A AL
?$|¥H:F51

B
202556A7H FHBRMRMAKEREREFHA TR



TH7(2025) F6A BRIIXK]
KBEICEYFERCEET DBANBY FT,

B B 5 B
S
AL—3542R BN
S0vrEHFSEOTIVTL—F  |E—= O
IL—yIA—=YJ L+ KBYSH
=&# BOEEGT
EBTDSFFE Lo ESOFEBITFOED
EWYS Y bhbEZ® > Y DEOH
S—FY—RRNNF YT« NIN—Y
Ty —3URT b —OAVEDEDHE
Ty— Y54 FEREDEINAZ
- FUI54 h=F
K7 954 e
0pen space (3F) EBFOEDC OtHE 0L EBRODE UAIL
AERIE DO FAR D rAhY
NNEL L DEY INH U R—
GFRBONYNY KREBIFO AL AR
N FEUIAR B hOBEDE T
REREE(EADT—R) IFHEABOMAICHYFES o %, ST
% JIn ~ o ANRF YT A HS5E S ERZT
SF e A ek Y A
2025%66HA78 FHHEMBERKEREFZIAI TR




Super-Kamiokande

- E¥TJAvIok

o KZEROT. HEVH—TRTOWSIZHFEDITELoNZNFE,
EET.HZOYEEARTSLHTHOREZR. LHME29F L E
oS THLEITEIEL TS,

41.4

2024F9H 12H M SK-VIIIZEA .
SK will celebrate its 30th anniversary in 2026 SK-Gd

1996 2002 2006 2008 2018 2019 2020 2022 2024

0 Ol%Gd 0. 03%Gd
—ﬁ

2025%66HA78 FHHEMBERKEREFZIAI TR



—a—M) /IO RERRBR R

=—10%
>
§10?”
510
::"'10li
£
X
=10°
1
10
10°8
10—12
10 '8
10 20
1072

1 0—)"

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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The
Super-Kamiokande
Collaboration
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t~-100 ms t=0s t~10s t~1 h-1da
Core Collapse | : Y 5 time

SuperNova I Core Collapse Core Bounce Shock stall
~10-100 ms Shock Wave Shock revival

PNS Cooling Optical burst
Dying star

(Fo)

NS

v, burst v (all) v (all)

EM waves

Super-Kamiokande Astronomical Network

PNUPER
EK d SNWATCH Radio wave
SN }. Event cluster!
7%- SN direction Optical, NIR [ o Spa
[ ] ~ . . ) . e - o A% . e . Ce
®oc determination e.g. Terrestrial Telescopes Telescope

Multi-messenger Observation
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KamLAND 4529 davs Observed 90% C.L. (ApJ. 2021)
SK-IV 2970 days, 90% C.L. sensitivity (PRD. 2021)

SK-VI+VII 956.2 days, 90% C.L. sensitivity (New)

Modern DSNB Theoretical Predictions
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_| | | | | | | | | | | | | | | | 1 1 1 1 | I_
10 15 20 25 30

v, Energy [MeV]
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