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SK Data Taking Phases

Gd concentration at SK-VI:
0.011% in weight.
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Pure water Gd-loaded water
6,511 days live-time 583.3 days + the future...
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New Results from SK

 Atmospheric neutrino oscillation measurements

e SK-I through SK-V + Expanded FV
e Three Flavor Oscillation with T2K Constraints
e Tau appea rance Study [Poster by Maitrayee Mandal @ lll-a, 2F. Majorana, MT09-216]

e Boosted dark matter search
e Proton decay [Poster by Ryo Matsumoto @ 1V-a, 8F. Majorana, MT17-156]
* Cross-section measurement [Poster by Baran Bodur @ IV-b, 7F. Majorana, MT05-371]

* Neutron capture on Gd in SK-VI
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Atmospheric Neutrino Oscillation , "™~%
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Atmospheric Neutrino Analysis at SK
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* New multi-ring selection
* Systematics improvements

Lad® ew

| o
-



SK-V  2019.2~2020.7, 461 days 120 m | b
NI ' :

N | Water transparency QK_\/
% N -. . DN~V
L measured with
| ' cosmic ray muon .
90 m et B iyt ) RS% st
g
60 m I - Ildfﬂlf(lll IIIII 12}01!!‘;)1 IIII lfflllOL’l‘.l)l IIIII léfﬂlfdl T ‘IBIJ'OU(I)II - 20/01/01
e-like . p-like
* The last SK phase with pure water 2 f sub-GeV
* Upgraded water system, replaced PMT, cleaned
detector... Getting ready for Gd loading! s |
* Consistent data quality with SK4 R
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Expanded Fiducial Volume

Expanded fiducial volume

e 22.5 kton — 27.2 kton, 20% increase

multi-GeV single-ring e-like v,
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No significant increase of external background
No significant bias in reconstruction
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Inner detector (ID) wall

Conventional FV
22.5 kton
2 m from ID wall

Expanded FV
27.2 kton
1 m from ID wall




Oscillation Measurements (SK only)
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Combining SK and External T2K Constraints

* SK sensitive on mass ordering, T2K sensitive on d¢p
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This is an SK analysis, and we have no access to T2K data.
The combination is performed by modelling T2K externally.
 Reweight SK MC to T2K flux
* Construct cross-sections models

 SK=T2K far detector— correlated cross-section
e Simultaneously fit SK data and T2K published data
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Oscillation Measurements (SK+T2K)
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*Results from both

m-— experiments exceed

SK+T2K NO 1086.33 4.54 0.53 2.4 x 1073 eV? sensitivity.
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More on SK-T2K Joint Analyses

This result
(SK + external T2K constraints)

Thomas Wester @ |l-b, 7F. Dirac

SK-T2K joint oscillation
analysis group

SK + published T2K binned data

Data sources

T2K + SK event data

SK-1 to SK-V (1996-2020)

484.2 kiloton-year

Atmospheric data

SK-1V only (2008-2019)

Run 1-9 (2009-2017)

1.5 x 1021 POT for v mode
1.6 X 10%1 POT for ¥ mode

Beam data

Run 1-10 (2009-2020)

Yes

Neutron samples

Not yet

Cross-section + energy scale

Correlated
systematics

Cross-section + energy scale

SK + modelling T2K

2022/06/02

Analysis frame
Linyan WAN @ NEUTRINO 2022

Full SK + T2K analysis
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New Results from SK

 Atmospheric neutrino oscillation measurements
* Boosted dark matter search

* Neutron capture on Gd in SK-VI

2022/06/02 Linyan WAN @ NEUTRINO 2022
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Boosted Dark Matter
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can be boosted by galactic cosmic rays or in dense astrophysics
objects such as by 2-component processes.

* Boosted dark matter can produce observable signals at SK.
* Signals: recoil electrons [1], recoil protons,
* Backgrounds: atmospheric neutrinos.

[1] Phys. Rev. Lett. 120, 221301 (2018)
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Proton Sample and DIS Sample

Proton sample:

* Pattern fitting based reconstruction.

* A multi-variate analysis (MVA) to select protons over low
energy muons from atmospheric neutrinos.

* A neutral current sample (77% proton purity).

* Detection limited within 1.2 GeV/c < p,, < 2.3 GeV/c.

Deep inelastic scattering (DIS) sample:
* E, ;s > 1.33 GeV with more than 1 ring.
* PID cuts to remove v, /v,, CC backgrounds from

atmospheric neutrinos

* Sensitive to higher dark matter mass / boosting parameters.

No excess observed in the direction of the Sun or galactic
center in either samples.
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New Results from SK

 Atmospheric neutrino oscillation measurements
* Boosted dark matter search

* Neutron capture on Gd in SK-VI
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Gd loading started in 2020.
At SK-6, the Gd concentration is 0.011%,
corresponding to ~“50% neutron tagging
efficiency.
More Gd being loaded NOW!
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* With 577 days of data in SK-6, the data
qguality is as expected in MC, and event
rate is consistent with pure water phase.
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SK-6 Neutron Capture Signal on Gd o™

 Compared to H, neutron captures on Gd are:

Data/MC (n,y) signals
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Neutron Vertex Reconstruction

* In SK pure water phase, neutrons were tagged at the
primary event vertex.

* Neutron captures on Gd yield higher number of hits,
enabling independent neutron vertex reconstruction.

* Displacement between neutron vertex and primary vertex 0(100 MeV) neytron
helps neutrino reconstruction.

Multi-GeV neutrino
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SK-6 Neutron Measurement

e Stable neutron rate since Gd loading.
* Higher neutron multiplicity at higher energy
events, as expected.
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[Poster by Seungho Han @ llI-b, 2F. Majorana, MT09-370]
2022/06/02 Linyan WAN @ NEUTRINO 2022

— MC
<4 Data

Neutron
multiplicity

e
——
1.00 8 e N
@) |
+ |
—.—
102 103 104

Reconstructed lepton momentum [MeV/c]

 Measured neutron multiplicity is
lower than present MC prediction.

* Neutron production needs model

development and improvement.

22




Summary

 Atmospheric neutrino oscillation: favoring NO, 6. = —%, and maximal sin?6,,
 Boosted dark matter search: proton and DIS sample, constraints on models
* Neutron measurement in SK-VI: observed neutron capture on Gd

* More in poster sessions and in following talks:

More on SK solar V’s:

Seungho Han Sensitivity improvements via neutron detection in SK-Gd atmospheric  1l-a, 8F. DT01-372 _
neutrino oscillation analysis Yusuke Koshio
d
Thomas Wester Atmospheric Neutrino Oscillation Analysis with SK ll-b, 7F. DT01-251 June 2"°,
Maitrayee Mandal v, appearance in atmospheric neutrinos at SK lll-a, 2F. MT09-216 21:30 KST
Linyan Wan Boosted dark matter search with hadrons at SK [ll-b, 2F. MT09-046
More on SK-Gd:
ho H N . : . : : ) ) . ) .
Seungho Han eutron signals from atmospheric neutrino interactions in SK-Gd lll-b, 2F. MT09-370 Mark Vagins
Ryo Matsumoto Search for proton decay into muon and neutral Kaon in SK IV-a, 8F. MT17-156 June 2nd
]
23

Baran Bodur V, - 180 cross-section with atmospheric neutrinos in SK IV-b, 7F. MT05-371  23:00 KST



