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SK Data Taking Phases

Gd concentration at SK-VI:
0.011% in weight.
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New Results from SK

 Atmospheric neutrino oscillation measurements

e SK-Ithrough SK-V + Expanded FV
 Three Flavor Oscillation with T2K Constraints

* Proton decay: p2> u*K°

* Neutron capture on Gd in SK-VI
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Atmospheric Neutrino Oscillation
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Key measurements:

* Vyu disappearance
« Am4,
¢ sin2923

* V, apearance
e CPviolation o
* Mass-ordering

Matter Effect
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Atmospheric Neutrino Analysis at SK

Fully Contained (FC)

Upward-going Muons (Up-p)

Reconstructed,
Classified, and
' binned
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Total exposure:
484.2 kiloton-years

30% more data than 2020 analysis
Using all of pure water data at SK

New in this analysis:

e SK-V data

* Expanded fiducial volume

* T2K model including ¥ mode
* New multi-ring selection

* Systematics improvements
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SK-V 2019.2~2020.7, 461 days 120 m
SR, | ’ I

/IR Upgraded water system

* The last SK phase with pure water
* Upgraded water system, replaced PMT, cleaned
detector... Getting ready for Gd loading!

Consistent data quality with SK4
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Expanded Fiducial Volume

Expanded fiducial volume

e 22.5kton — 27.2 kton, 20% increase
No significant increase of external background
No significant bias in reconstruction
Systematics re-estimated for expanded FV
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Inner detector (ID) wall

Conventional FV
22.5 kton
2 m from ID wall

l

Expanded FV
27.2 kton
1 m from ID wall




Oscillation Measurements (SK onlﬂ
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-1 SK atmospheric
. neutrino data
; favors:

1 * maximal mixing

NO (Ay? = 5.8)
2

*Results on MO and
Ocp exceed sensitivity.
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Combining SK and External T2K Constraints
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Oscillation Measurements (SK+T2K)
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SK + external T2K
constraints favor:

* maximal mixing
* NO (Ay? = 8.9)

*Results from both
experiments exceed
sensitivity.



Proton decay search: p> u*K®°

P 1 (326.5MeV/c)

* Favored by SUSY GUTs. O g

* K°is a mixing state of K% and K° K0 KO decay (z ~ 90 ps)
e Results of SK-I~11I (178 kt*yrs) have been published, K? decay (r ~ 50 ns)

(Phys.Rev.D85 (2012)112001)
e SK-IV data (200 kt*yrs) is newly analyzed with neutron tagging.
* Target K° decays
» K% =2 n%n®, swtmr (~70 ps) |
v All final particles can be detected in SK vertex >
=>» Reconstruct K% proton mass & momentum ‘+_’K’OV(\I7T/7TY
» KO =m0, P, wtffv (~50 ns) 8
v' (Challenging!) Have multiple vertices.
= Newly developed reconstruction tool for multi-vertex events.

reconstructed
secondary vertex
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Proton decay search: p> u*K®°
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Proton decay search: p> u*K®°

Results (SK-IV)

Search mode Efficiency (%) Background (events) Candidates (events) Lower limit (10** years)

K2 — 27° 9.7+ 1.0 0.31 £0.14 0 2.7
K2 - 7tn~  4.9840.54 0.8+0.2 0 1.4
K) = 751Fv  0.914+0.17 1.0+0.3 0 0.2

K — 3x° 0.36 & 0.06 0.12 +0.06 0 0.1

K} - a7 7" 0.18+0.04 0.16 =+ 0.07 0 0.05

Proton lifetime (90 % CL, SK-I~IV combined): > 3.6 x 1033 years
(Previous paper: >1.6 x 1033 years)
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Evolution of Super-K: SK-Gd
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The latest news:

on July 5!

SK-VII started !

ﬁ We finished dissolving *
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Vertices within 50cm

Neutrino / anti-neutrino discrimination

Discovery of supernova(SN) diffuse v
search and pointing accuracy
improvement for SN burst

Improve Discrimination power of

vand v in T2K and atmospheric neutrino
analyses

Nucleon decay background rejection
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SK-VI Neutron Capture Signalon Gd o *

 Compared to H, neutron captures on Gd are:
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* Neural network to select
neutron candidates

* Cuts to remove remaining
Michel electrons
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SK-VI Neutron Measurement

e Stable neutron rate since Gd loading.
* Higher neutron multiplicity at higher energy
events, as expected.
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* Measured neutron multiplicity is
lower than present MC prediction.

* Neutron production needs model
development and improvement.
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Summary

 Atmospheric neutrino oscillation:
» Analyze all pure water phase (SK-I ~ V).
» Expand fiducial volume.
» favoring cp =~ — 23
* Proton decay search p% w*KPO:

» SK-1V data is newly analyzed (372 kton*yrs from SK-1 ~ IV).

» No signals observed beyond atmospheric v BG.

e SK-Gd
» SK-VI (Gd ~0.01 %) analysis is on going.
» SK-VII (Gd ~0.03%) just started from this July !
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