g«
'-plﬂ’»-

202

rely,
"

:,,\.

KWorld

T

-

i

025 @

PR AN

5

28-0CT-

,K." - i

”~
o

BASS 88 08 s x < .

RECENT RESULTS FROM

& o S R

-

Inside of SK detector during

Yasuo TAKEUCHI

J |

refurbishment work (July 15, 2018) ~ ]




The Super-Kamiokande Collaboration

Collaboration meeting
in Toyama (May 2025)
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Super-Kamiokande detector |

https://www-sk.icrr.u-tokyo.ac.jp/sk/

Water and air
purification system
- (original)

m 50 kton water
Cherenkov detector

= ~“2 m OD viewed by
8-inch PMTs

m 32 kt ID viewed by
20-inch PMTs

m 22.5 kt fid. vol.
(conventional)

m SK-1: April 1996~
m SK-VIIIl is running

Ikeno-yama
Kamioka-cho, Glfu v '
Japan

Physics targets:

| o Nucleon decay search

o Neutrino oscillation
study

o Astrophysical neutrino
search

Inner Detector (ID) PMT:

~11100 (SK-1,111~VIII), ~5200 (SK-II)

Outer Detector (OD) PMT: 1885




History of Super-Kamiokande
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SK-1l = SK-

11
g8lo/o|1]2|3/4|5|6|7/8
m SK-1V

“SK” (pure water)

PMTs
(40% coverage) (19% coverage) (40% coverage)
4.49 MeV 6.49 MeV
1496 days 791 days

11129 ID PMTs

seddiing

Upgrade for SK-Gd

4.49 MeV 3.49 MeV (~3.49 MeV
548 days 2970 days (~380 days)

(preliminary)

B Analysis energy threshold (recoil
electron kinetic energy)

B Live time for solar neutrino analysis

Total live time for current oscillation analysis:
5805 days (SK-1~1V, for solar)

Electronics Refurbishment

llSK_Gd”
(Gd-loaded)

i Water system
§ For SK-Gd

NIM A 1027 (2022)
166248

Neutron tagging
with Gd

6511 days (SK-I1V, for atmospheric)

Gd concentration
SK-VI: 0.011%
(18 Aug. 2020-)
SK-VILVIII: 0.033%
(5 Jul. 2022-)




SK-Gd Phase
SK-Gd Phase:

Add gadolinium (Gd) to enhance neutron v'f*-*\li)
tagging efficiency of the SK detector. -

Physics targets:

m Detect the world’s first Supernova Relic
Neutrinos (SRN) (or Diffuse Supernova

Neutrino Background, DSNB) < ~
= Improve pointing accuracy for supernova MReduce BG of V, signal
= Early warning of nearby supernova from N De'fye"' C°'“C'dez‘ce
pre-burst signal (silicon burning) W AT~ 30 ps (@0.1% Gd)
— .. B Vertices within ~ 50 cm
= Enhance v or v discrimination in
atmospheric v & T2K analysis Capture efficiencies in water
= Reduce backgrounds in proton decay = 0.01% Gd [Gd,(SO,), 10t] : ~50%
search

= 0.03% Gd [Gd,(SO,), 30t] : ~75%

Neutron tagging efficiency = 0.1% Gd [Gd,(SO,); 100t] : ~90%

m SK-1V (SK): ~19% (ApJ 60, 41-46 (2015)) ~26% (JINST17, P10029 (2022)) Gd concentration
m SK-VI (SK-Gd): ~35% (api 951, 127 (2023)) “44% (PRD112, 012004 (2025)) SK-VI: 0.011% (18 Aug. 2020-)
m SK-VII (SK-Gd): ~55% (preliminary) SK-VII: 0.033% (5 Jul. 2022-)
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Summary of recent results

m  Nucleon decay search

PRD 110, 112011 (2024), PRD 106, 072003 (2022), ...
Current result: SK 450 kt-yr (27.2 kt enlarged fid. vol., SK-1~1V)
m t/B(p2>e* ) > 2.4x10%* years (90%CL) (PRD102, 112011 (2020))

m  Atmospheric v oscillation analysis

PRL134, 011801 (2025): SK 3244 days + T2K 19.7x10% POT
PRD109, 072014 (2024): SK-I~V 6511 days, 484.2 kt-yr

m Solar v oscillation analysis

> -

PRD109, 092001 (2024): SK-I~IV 5805 days (until end of SK-1V)

m  Astrophysics

Cosmic-ray muon charge ratio: PRD110, 082008 (2024)
Pre-supernova alert system (SK+KamLAND): ApJ 973, 140 (2024)
Supernova monitoring in SK-Gd: ApJ 970, 93 (2024)

Periodic time variation search of solar 2B nu: PRL132,241803 (2024)
DSNB search in SK-Gd: ApJL 951,L27 (2023)

Boosted sub-GeV DM-proton search: PRL130, 031802 (2023)

DSNB search in SK-IV: PRD104,122002 (2021)
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Atmospherlc v

m Produced by cosmic-rays in Earth’s atmosphere
m Measure v flavor, energy, zenith angle, etc. in SK
= Sensitive to 0,3 and Am§2,31 parameters.

m Matter effect: enhancement of v, in several GeV
energy region and in Earth core

m 0,3 and mass ordering could be studied.
m Solar term: enhancement of v, in sub-GeV region
m 0,3 octant degeneracy could be studied.

m Interference: CP phase could be studied.

m In SK-Gd: separation between v/ Vv is improved.

Cosimic ray \

»
Air nucleus H
»

4

Muon
o m Electron
uon ~—
\ neutrinos // -

\ //lElecnon neutrino

https: //www sk.icrr. u-tokyo ac. jp/en/sk/about/research/
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PRD109, 072014 (2024)

(Normal mass ordering)
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. « o MPNSUPER
Atmospheric v categories in ﬁK

Fully contained (FC) Partially contained (PC) Upward-going muons (Up-p)
Sub/Multi-GeV, Stopping through-going Through-going

e/p-like, ring# v vV n-)showering p
V “ “‘ .
ﬁ’ ﬁ ﬁ ~//\\”

Stopping n (no

h/” ‘Fx m w u

E// \_\// E//

Expected energy spectrum of v

[ I|I||I|| T |I||I||| T |||I|||| T IIIIIII| T Illlll L T T TTTI T T T TTT T T TTTTm T TTrT 1T R T T TTTI T T TTm 1T

- PRD97, 072001 (2018) - - M 1 250f L

+ ch ’ E - 1 . L HE .

14000 {1 1 25000 (i roees FC Sub-GeV (v,+7,) : Fol TS g

g\ 1200}~ Li +FC Sub-GeV (ve+7,) - 20005 .- FC Multi-GeV (v,+v,) ] 200} " 1 = Up Through -
© Log ] - 4 1 i ] N ina]
a 1000 FC Multi-GeV (v +v,) = i ~. - PC Stop ] - e - Up-u Showenng_
o N H - -1 H - = | 'q: .

oo H = H 4 150+ ol s -
= S . 1 1500 ¢ \ PC Through . . ! 5 1
8 800 FC e-like - | roug ] [ i Up-p -
~ Fo: - i . - i
2 i A ] i i ] C iy ]
S 00 1 1000- ¢ FC p-like { ' 5 :
> i | 1 i I 1 i i L ]
400 i = - i ] _ s : 4

1 500 ¢ PC :

200 P - o s e §
i : B [ i H . ]
O:E L ""'"—IM_.LJ_lJ!_ILI!__.L.!.L!LL'!l____l__l_!_l_l_'I_T [ 1 \x\\\\

0 ol ol
10" 1+ 10 10* 10° 10* 10° 10" 1 10 10° 10° 10* 10°
Neutrino Energy (GeV) Neutrino Energy (GeV) Neutrino Energy (GeV)



Typical high-energy events

Atmospheric v: Atmospheric v:
Partially contained (PC) Fully contained (FC)

miokande | miokande |

Suk 29 Ewv 176221 ‘ Subk 6 Ewv 43503

E117 4 OD 7125

iits, 35234 pE o RTI Aits, 3608 pE |
:2, 158 pE {in—time} n‘%‘f , 1 pE {in—time)

0L PRSPy 03

#H85147419103232. 0 on - 486147419103232, 0 o

= 3508, 3 Mei/c | = 443.8 mev/c

(color: = a0
04 - 632
Cha rge) 378 - 474
252 ° IE -
u-like 126 - e-llke 158

0 00 1000 1500 200

3.SGEV/C 0 s tom tsan zom 0,4GeV/C
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Zenith angle & lepton momentum distributions

@
PRD109, 072014 (2024)

momentum e-like u-like
ke 1 der Sov oo 0ae oV ntie 0 e~ ] |800F subGev pike 1a.0 "Up-p Stopping
200 Sub-GeV e-like 1 d.e. 1000 F Sub-GeV e-like 0 d.e. 400 F Sub-GeV p-like 0 d.e. Sub-GeV p-like 1d.e. ook Up-u Stopping
300 600 N o
100 500 200 400 200
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0 0 0 0 0 taaqin
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Zenith angle distributions using neutrons (SK-1V, V)

@
PRD109, 072014 (2024)

Sub-GeV v, -like 300

e-like u-like

200
150

Sub-GeV v ike Swb-GeVT dkeOn | 300F SubGevw -kein 4 Cf Sub-GeV ¥, -ike

1000

100 200
50 500 100

0 0 0
15 1.5 1.5 —— . :

1 1 1 ifl=oq:-¢—o—-0-¢—-¥
0.5 0.5 0.5 : : :
150 ook j00f  Muli-GeV v ke ]
100 .

200 50
50 100

0 0 0
15 1.5 15

1 1 1
0.5 0.5 0.5

-1 -1 -1

, — — v, -like: v, -like:
v -like: V-like O n: V-like 1 n: M M
_ others Decay-e =1
Decay-e >=1 Decay-e =0 Decay-e =0 e T
eutron >=
Neutron: any Neutron =0 Neutron >=1
Super-Kamiokande -V
-¢-Data
. cC [Ov. cc
mv, cC Ov. cc
Number of observed decay-electrons BWv.&v.CC [NC
and neutrons are considered.
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SK Atm. v oscillation analysis results >

PRD109, 072014 (2024)

2 -2
dcp |Am32,31| sin“ 0,5
L o e L B A 16— B A 16— T T T
- SK IV expanded FV B Eo A Eo B
145 — Data fit I Inverted 145 145
12:_ ===MC expectation [l]Normal 12; B 12;_ B
- . = 10F .
. N:]{ 82_ ]
7 6_ A
— 4—. —
] 21" _________ ]
AR S R Qb LS
2 2.5 3 04 0.5 0.6
3 .
Am?, . (107 eV?) sin’e,,

sinf8;3 = 0.0220 + 0.0007
FIG. 16. 1D Ay? profiles of oscillation parameters in the analysis|with sin” ¢);; constrained.|Solid lines correspond to the data fit result,
while dashed lines correspond to the MC expectation at the data best-fit oscillation parameters, cf. Table I'V. Dotted lines show critical
values of the »? distribution for 1 degree of freedom corresponding to 68%, 90%, 95%, and 99% probabilities.

Best-fit: (for Normal mass ordering) SK atmospheric v data favors:
| Sinz 923 = O4‘5t88§ m 5CP ~ _r
B 2
- |Am§2,31| = (2.401559) x 107%eV? = Normal mass ordering (Ay? = 5.69)
m§cp = —1.752972 (-, +n) = 92.3%

15



Outline

SK detector & summary of recent results
Atmospheric neutrino oscillation results
Solar neutrino oscillation results

Dark matter searches at SK (and Hyper-K)
Summary

16




Solar neutrinos

= Produced by nuclear fusion in the
sun (initial = v,)

= High statistics measurement of flux,

energy spectrum, and time
variations of éB solar neutrinos in
SK.

m Energy spectrum: sensitive to
01, and Am35, parameters. Global
solar analysis is more powerful.

m Matter effect in the sun: energy
dependence of v, survival
probability is observed.

m SK is trying to measure “Upturn”

m Time variation: matter effect in the
earth could be studied from day-
night flux asymmetry.

= Sensitive to Am5, parameter.

v energy vs. v, survival probability

« 0.8

<
[+

07

08

05

0.4

a3

02

0.1

i

- Vacuum

— oscillation

—  dominant —

_%I
= SK+SNO

+ pp: average
+ CMNO: average
4= pp: Borexino
 "Be: Borexino
} pep: Borexino

== ¢8: Borexino
== Solar

Sq

Expected
Solar+KamLAND

Expected

lar global

== Solar+KamLAND
11 |

.|

SK+SNO

PRD109, 092001 (20§l)

Matter
oscillation
dominant

*ptu rn”

o

Day-Night flux asymmetry

W Fnergy in MeV

Regenerate ve
by Earth’s
matter effect
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Typical low-energy event

S

Super-Kamlokande

Run 1742 Ewvent 102496
96-05-31:07:12:23

Inner: 103 hite, 123 pE

Cuter: -1 hitz, 0 pE (in-time)
Trigger ID: 0x03

E= §.086 GDN=0.77 COSSUN= 0.94%
Solar Weutrino

Time(ns)
< B15

*  995-1015
* 1015-1035
® 1035-1055
* 1055-1075
* 1075-1095
*»10958

(color: time)

O vie 2 v+e

(for solar neutrinos)

Eetotal = 9.1 MeV
c0SOsun = 0.95

e Timing information
vertex position

e Ring pattern
direction

e Number of hit PMTs
energy

~6 hit / MeV
(SK-1, 111 ~ VIII)

Times (ns)
Resolutions (for 10 MeV electrons) (software improvement)
Energy: 14% Vertex: 87cm Direction: 26° SK-I
Energy: 14% Vertex: 55cm Direction: 23° SK-III ~




AY

SK-IV solar neutrino signal 2] e

PRD109, 092001 (2024)

= Signal (in SK-1V): 65,443 +390 -388(stat.) +/-925 (syst.) events.
m Total: > 10° solar v events (during SK-1~1V, 5805 days)

Solar angle dist. (3.49-19.49 MeV) Energy spectrum
— 0155 T T T T T LI T T T T T T T LI T T T
.E 12{]{1'“ _I T T I LI I LI I LI I LI I LI I LI I LI I LI T T I_ % : I :
N - ays) 3.49-19. e ] = ’
= SK-IV (2970 days) 3.49-19.49 MeV
- — 8 L i |
2 10000 —— Observed data g 000 s
w B 1 = [ .'. -— ]
- i ki QO - .
8000 Best-fit 4 g oast + 5
= Background Fi - W:': ----- : = N
_ N Fift -
6000 — — N '+' i
- / ] 0.40— —
B . B SK-IV (2970 days) i
4000 — ] - 3.40-19.49 MeV .
Lo P A o b s = 0.35— =j— Energy-uncor. Sys. '
2000 |— 7 C === Total uncertainty ]
- . = ] Energy-cor. Sys. _
: : _I I 1 1 I 1 11 I 11 1 | 11 1 I 11 1 I 1 11 I 11 | 11 I_
{]"'l"'l"'l"'l"'l"'l"'l'"l"'l"' 0.30 4 [+ 8 10 i2 14 16 18
-1 -08 06 -04 -02 0 02 04 06 08 1 Recoil electron kinetic energy [MeaV]
CDSBSUH
FIG. 37. The measured energy spectrum in SK-IV. The blue
FIG. 30. Solar angle distribution for the energy range of| | points and bars show the observed rate divided by the expected
3.49-19.49 MeV using SK-IV 2970-day dataset. The black event rate assuming no neutrino oscillaton, with statistcal and
points show the observed data, the dark and light gray shades| | ¢nergy-uncorrelated uncertainties. The red bars and gray bands
show the backeround and the best-fit sienal m;' ‘[i‘s’ﬂl show the energy-uncorrelated and energy-comelated systematic
] = ] SIENA, Tespet Y- uncertainties. 19




UPER
SK solar v (oscillation) results 6

PRD109, 092001 (2024)

m ~1.5 o level tension in Am%, between SK+SNO analysis and
KamLAND is remaining.

m No significant variation has been observed in the solar neutrino
flux measured annually.

Solar v oscillation parameters Annual solar v flux
c% Solar+tKamLAND: ' %“0-52:' ' I(ISI|(O;/OIVII\}III- Ir‘ellir;')iln;;nl' ) T '_2502
LQO Sin 912 — O 307 + O 012 - E 0 50__ . :O NP y Elz;(?ata(fmt. only) | | g
o .6 - | o stemalic error _—
- 15 Am3, = (7. 50+3 ig) X 10 °eV? g %% I — sk comsined fux | /200 2
._‘_ L 5 0 48 — QQJDo Ooo | O Sun spot number : 8_
NN i ! = n
£ | Dotted: SK+SNO i O - ° SK-IV °
< 10 i \: . KamLAND g 0.46— -15:»0&0%5"- J' + ol ° V Vl 0—150 US,
Combined N / 1§ bIthllecy J1H—sTefr £l
: TS Q0441 ol | o, e U 00
| 1 B oo %0 +i0003 @OT oMl
5! | 042 & P e e g o -
[ - % Q)c%oo 8,9 ?’%@3 JRE: g
H — o) —
Solar global Filled region: 3¢ | | 0'40: 8 OOOO ®
0.1 0.2 0.3 0.4 05  0.88-K e %'@'%*10 a0

sin (912) Date
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Indirect WIMP search in

m Weakly interacting massive
particle (WIMP) is a Dark
Matter (DM) candidate

= Annihilation (or decay) of
WIMPs could produce
neutrinos.

m Directory, or via SM particles

m WIMPs could accumulate in
massive object.

m Trapped by gravity

m SK searches for WIMP-
induced neutrinos from
possible sources

m Targets: Solar core, Earth core,
Galactic Center (GC)

m Used above atmospheric

source?
neutrino (atm. v) background.

Low-energy photons

Qoarks Positrons

o
»
_‘ e

Medium-energy Electrons

gamma rays

Leptons

Bosons /\/VWW\IV\/W\ImtonS

Decay process =)
https://www.nasa.gov/mission_pages/GLAST/science/dark_matter.html

? Antiprotons

Supersymmetric \/\/\/\ﬁ*? o
neutralinos

o —

’ R

-—z Neutrinos urce
Source: e or |1
(Sun, Earth, GC, ...) ~——
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Summary of DM searches in 6
m  Solar WIMP search: 9

sun

= PRL 114, 141301 (2015): SK-I~IV 3903 days (1996-2012)

m Earth WIMP search: 9,, .,
m SK-I1~IV 5326 or 5629 days (1996-2016), preliminary

m  Galactic WIMP search: 3
E> = PRD 102, 072002 (2020): SK-I1~IV 5326 or 5629 days
= Fit analysis & ON-/OFF-source analysis

m Boosted DM search: 9,
= PRL 120, 221301 (2018): SK-IV 2628 days

m Search for an excess of elastically scattered electrons above the atm. v
background (ON-/Off-source analysis)

[> = PRL 130, 031802 (2023): SK-I~IV 6050 days (1996-2018)

m Search for cosmic-ray boosted DM (CRDM) with recoil protons
(sensitive to light DM: 1~300 MeV)

m DM searches with low-energy electrons (on going)
= Another probe for light DM, led by a Korean team (IBS people). .




Galactic WIMP search: fitting 6UPER

m Use Atm. v Data &
oscillated MC

500

{ oD

m Horizontal axis: cosd, »

s WIMP MC
m DarkSUSY
simulation is used
m NFW halo model is
assumed

m Fitted results are
consistent with null
WIMP

m 90% C.L. upper limit
on WIMP self-
annihilation cross
section <oV> is
obtained

e-like

SubGeV e-like Odcy e

- SubGeV y-like Odcy e 3

T
L MultiGeV e-like v,

T A o
LI B

B =

u-like

PRD102, 072002 (2020)

1200F SubGeV yi-like Tdcy e '
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UPER

Galactic WIMP search: fitting ﬁK

PRD102, 072002 (2020)

WIMP self-annihilation cross section <oV>

90% C.L. upper limit
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Galactic WIMP search: ON/OFF ﬁK

m Search for large-scale anisotropy due
to DM-induced v's from our Galaxy

m Compare the number of v events in a
certain angular region
m ON-source: around Galactic Center (GC)
m OFF-source: shifted by 180° in right

ascension (RA)

= Any excess of events in the ON-
source part should indicate a
possible unknown source, since atm.
v background equally affects those
two regions.

® Independent from atmospheric v
simulation and related systematic
uncertainties

UPER

PRD102, 072002 (2020)

Expected DM-induced neutrinos from
Galaxy (diffused, peaked from GC)

50
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Galactic WIMP search: ON/OFF 6UPER

PRD102, 072002 (2020)

m Search for large-scale anisotropy due

. 1
to DM-induced v's from our Galaxy il Conaned (FOL SI0aV :
m Compare the number of v events in a S?IEFE%SE%@ [ ]
. - Ingle-ringm,-like = —
certain angular region (ke 0 deday-e | ]
like 1 d - -
m ON-source: around Galactic Center (GC) Ell:#g 2 dEE%§k3 . -
. . . u |r|ngn IKe - -
m OFF-source: shifted by 180° in right Fully Contained (FC) Multi-GeV
ascension (RA) g};‘gg i - :
. Jlike | —t -
= Any excess of events in the ON- MuliRing v fike | — )
. 4 MultiRing v,-like |~ -
source part should indicate a MUiRING f-like | = ]
. o MuliiRing Other |- — -
possible unknown source, since atm. Partially Contained (PC)
Stoppi - —
v background equally affects those Through-going |~ ,
. Upward-going Muons (UP11)
two regions. _ Stopping | S -
. Through-going I\_lon-shower_lng - -
® Independent from atmospheric v Through-going Showering | ———a——— | _ i
simulation and related systematic 0.5 0 0.5
uncertainties A=(N, "Nore)/ (N +Nor)
m No asymmetry in neutrino flux is FIG. 10. Observed asymmetry between the number of neutrino
observed events in the on- and off-source regions across the event
subcategories for the NFW halo model. Errors on the points
are statistical.
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Galactic WIMP search: ON/OFF 6UPER

m Search for large-scale anisotropy due
to DM-induced v's from our Galaxy

m Compare the number of v events in a
certain angular region
m ON-source: around Galactic Center (GC)
m OFF-source: shifted by 180° in right

ascension (RA)

= Any excess of events in the ON-
source part should indicate a
possible unknown source, since atm.
v background equally affects those
two regions.

® Independent from atmospheric v
simulation and related systematic
uncertainties

m No asymmetry in neutrino flux is
observed

PRD102, 072002 (2020)

m 90% C.L. upper limit on WINP self-
annihilation cross section <o,V> and
influence of the halo model choice
are obtained
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FIG. 11.  Upper limits at 90% C.L. on the DM self-annihilation

cross section (o4 V) as a function of M, for the bb (blue), WHW~
(maroon), ypu~ (purple), and vv (omnﬂe) annihilation channels
as obtained in the on-source/off-source analysis. The influence of
the halo model choice is shown as bands around the results for the
benchmark NFW profile.
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UPER

Boosted DM-proton search >

m High-energy cosmic-ray scatters with DM, PRL 139’ 93I18|0|2 (IZ(I)ZIB');I 1|31|' I15|99|0.|?.(|I5) I(z|02|3)
then DM is boosted (CRDM) . E
= Since DM is abundant near the GC, CRDM oE —— Observed E
should come from the direction of the GC. O == .
= Search for CRDM from MeV to GeV with = °F E
recoil protons. o OF =
= No excess = upper limit of DM-nucleon af -
cross section in 1 ~ 300 MeV. > B
0 C . . . _ ]
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Hyper-Kamiokande (HK) - Hyper Kamiokande

https://www-sk.icrr.u-tokyo.ac.jp/en/hk/

Exploring grand unification and the origin of matter
dominance with next-generation detector.

Physics targets:

o Nucleon decay search

o Neutrino oscillation study

o Astrophysical neutrino search

J-PARC

Accelerator Complex

E ~—aN
AR N
- TR =

m ID: ~20,000 new 20-inch PMTs + .
~800 mPMTs (19 3-inch PMTs in a vessel) &

= OD: ~3,600 3-inch PMTs +WLS plates '
m 258 kton (total water)
m 188 kton (fiducial volume) ~8 x SK’s FV

= Collaboration: 22 countries, ~650 researchers
= Construction: since April 2020
= Current status: Final design & construction

m Cavern excavation: Completed in Aug. 2025
m Observation: 2028~

http://www-sk.icrr.u-tokyo.ac.jp/hk/
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Expected sensitivity of Galactic WIMP search
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Summary

SK has continuously advanced searches for nucleon
decay, neutrino oscillation measurements, and
astrophysical observations.

m Current oscillation results use:
m 6511 live days (SK-I1~V, for atmospheric)
m 5805 live days (SK-I~1V, for solar)

The new phase (SK-Gd) is started in 2020.

m SK-VI: 0.011% Gd concentration (18 Aug. 2020-)
m SK-VII™~: 0.033% (5 Jul. 2022-)

(Indirect) DM searches are carried out with SK.

m Neutrinos from Sun, Earth, & Galactic Center
m Boosted DM

Hyper-Kamiokande: Observations start in 2028
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