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Super-Kamiokande Experimental Phases

(95 [ 57| 98 199 |00 01 [0z 03 |04 [05 105 |07 o8 |09 [a0lu1 12 a3 a4 15 6 17 38

s —— ) )  OPen tank

SK-I1 SK-II SK-I SK-1V 2018
181920 |21 ] 2223|2825
| Hyper-K
p UPER
SIiC

SK-Gd (gadolinium enhanced neutron capture) Challenges

2019  SK-V still pure water 259 Purify water without removing Gd
* Maintain high light transparency

2020 SK-VI 0.011% Gd 50% : . . ..
* Maintain low radioactivity
o (0) . . .
2022 SK-VII 0.033% Gd 75% * No degradation or corrosion of materials
2024  SK-VIII  0.033% Gd after recovery of 75% * Prevent any Gd-water from leaking

magnetic coil issue . into the environment



Neutron Capture in SK-1V and SK-Gd

SK-IV Electronics and DAQ upgrade: “record every hit” architecture allows us to detect neutron capture
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Neutron Capture Performance
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Science Goals as we complete Super-K

« Continue to extract information from solar neutrinos
* Be ready for supernova neutrinos and find diffuse ones
« Study 3-flavor oscillation of atmospheric neutrinos
+ Be the far detector for T2K

* Search for nucleon decay

« Astrophysical searches of all kinds

increasing
neutrino
energy

humpback whale for scale




Solar
Neutrinos
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Global Oscillation Analysis:

Borexino
Homestake
Gallex/GNO
SAGE

SNO

SK-IV

Phys.Rev.D 109 (2024) 9, 092001
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Galactic Supernova at 10 kpc

all events n-tag removed with 80% efficiency

Right Ascension .
vs Declination ¢
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Angular resolution ~ 2x improved by SK-Gd
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Diffuse Relic Supernova Neutrinos
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Efficiency increase
allows other cuts to
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published (2023)
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Recent improvements to “ATMPD” analyses
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future: count and detect neutrons to estimate hadronic energy and direction

14



Matter Effects
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zenith angle

distributions:

data and MC

* means SK-1 to SK-III
no neutron tag
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Events

V. /V, separation
by boosted decision tree
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16 ————T1———1—
SK -V expanded FV
— Data fit [ Inverted

12F _..MC expectation [l Normal

1 (10° eV?)

2
|Am32,31

Super-K atmospheric oscillation™ result with reactor constraint

» Favors lower octant

« Favors normal ordering Ax&o_j0 = —5.7

 Preference for normal ordering using CLS = 0.077 (reject inverted ordering at 92.3%)

*see also on 9-June: SK+T2K combined analysis, Alejandro Ramirez Delgado 18
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background reduction in 180 region
improved by roughly x2 using n-capture

7/B(et %) > 2.4 x 10°* years
7/B(pT %) > 1.6 x 10%* years

preliminary, 450 kt y
expanded fiducial volume
neutron capture
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plus, all sorts of “exotic” modes
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no nucleon decay signal,
all limits, so far.
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Astrophysical
Neutrinos




something new... (most of our astrophysical searches have emphasized muon neutrinos, especially upward-going)

Search for Astrophysical Electron Neutrinos in Multi-GeV Sample

motivated by IceCube evidence for cascade events from galactic plane
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Astrophysical Electron Neutrino Results and Limits

post-trial p-factor ~56%

36

Xubin Wang, U. Tokyo
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Conclusion

Continue to extract information from solar neutrinos
important constraints on 8;,, 1.50 tension with KamLand in Am?, try to find upturn

Be ready for supernova neutrinos and find diffuse ones
we are ready for galactic supernova burst ~ 99% live
use SK-Gd to discover DSNB

Study 3-flavor oscillation of atmospheric neutrinos
neutrino ordering, octant, CP violation
more data and improvements for Neutrino 2026

Search for nucleon decay
By 2029, 9 years SK-Gd of data yet to be analyzed (50% increase)

Astrophysical searches of all kinds
look back in past data, valuable to check new or bursting sources




