Introduction to the experiments
Super-K and Hyper-K K. Okumura (ICRR, Univ. of Tokyo)
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Super-K and Hyper-K
g~ i

e Water Cherenkov detector

 Located at Ikeno-yama
1000m underground

* fiducial volume 22.5 kton
 ~11000 50cm PMTs
~1000 OD PMTs

e Since 1996

 SK-Gd started
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Neutrino Observation in SK/ HK

 Observables in SK/ HK
e-like (Ve / Ve) u-like (vy/ vp)

- Event timing

vertex reconstruction

- Energy
inferred by #(Cherenkov photons)
(hnumber of hits or PMT charge)

- Direction
Cherenkov ring direction

- Particle ID
Cherenkov ring pattern



Neutrino Observation in SK/ HK
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Neutrino Observation

In SK/HK
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Neutrino Observation in SK/ HK

MeV GeV

Low energy observation * Electron elastic scattering
(E < several 10 MeV) v, + e - U, + 2

O - all neutrinos are sensitive

- good directionality

Outer Detecto‘r

)

Inner detector

- smaller cross sections

Ee = 8.6 MeV (kin.)
coSOsun = 0.95




Neutrino Observation in SK/ HK

MeV

Low energy observation
(E < several 10 MeV)

O

,..""" - Outer Detecto‘r

Ee = 8.6 MeV (kin.)
coSOsun = 0.95

GeV

* Electron elastic scattering
v.t+e — U .tTe
- all neutrinos are sensitive

- good directionality ——2
- smaller cross sections

TeV

Solar neutrino observation

Events/day/kton/bin
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Neutrino Observation in SK/ HK

MeV GeV

Low energy observation * Electron elastic scattering
(E < several 10 MeV) v, + e - U, + 2

O - all neutrinos are sensitive

- good directionality

B 9.006 @077 COBRM: 0.4 Outer Detecto‘r

- smaller cross sections

 Inverse beta reaction

U,+p—>e +n

| ! - larger cross section

oLk - sensitive only for ve

Ee = 8.6 MeV (kin.)
coSOsun = 0.95

- directionality X
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Neutrino Observation in SK/ HK

MeV GeV

* Electron elastic scattering

Low energy observation

(E < several 10 MeV) yx+ e — yx+ e
Suparkamiokande ® - all neutrinos are sensitive Low-E neutrino cross sections
$-3-31707:13 33 . " . 5:' 2 TN G TR O . SO0, P N G0 e So0g. I, el T O, B v [
A ‘ - good directionality e
. Outer Detector _ | (p o =
() - smaller cross sections ' s A
.Tlmefr:?'? . NE - [ N évcljt;ture ve-O) 7(»\*6
’ Inner detector G 103 / 0
. . *.'O P

 Inverse beta reaction

U,+p—>e +n

r ' - larger cross section
: . - sensitive only for ve

Times (ns)

Ee = 8.6 MeV (kin.)
coSOsun = 0.95

- directionality X
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Neutrino Observation in SK/ HK

MeV

GeV TeV

Low energy observation * Electron elastic scattering

(E < several 10 MeV)

U, +e¢ — U, + e e recoiled neutron is useful

. L for ve 1dentification
O - all neutrinos are sensitive

- good directionality -n+H: 22MeVy (eff. ~20%)

Outer Detecto‘r

Ee = 8.6 MeV (kin.)
coSOsun = 0.95

- smaller cross sections - n+Gd: ~8MeVy (eff. 50~90%)

Ve+p—>et+n
 Inverse beta reaction

k‘Zgnleutron
— +

| ! - larger cross section (’\J&)

SR e e e - sensitive Only for ve Prompt signal

Times (ns) Delayed signal

- directionality X (~8 MeV in total)




Neutrino Observation in SK/ HK

MeV GeV

Low energy observation * Electron elastic scattering
(E < several 10 MeV) v, + e - U, + 2
- all neutrinos are sensitive * Backgrounds for astro

O . . observation
- good directionality

Outer Detecto‘r

- smaller cross sections - radioactivity

- spallation produced by

. cOSmMIC Muons
 Inverse beta reaction

B N - random noise
Ve Tp > ée Thn - other neutrinos (solar, SN,

p ! - larger cross section reactor, terrestrial)

ot B ) - sensitive only for ve

Ee = 8.6 MeV (kin.)
coSOsun = 0.95

- directionality X
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Neutrino Observation in SK/ HK

* Fully-contained (FC * Upward-going muon (UPMU

Super-Kamiokande IV Super-Kamiokande IV Super-Kamiokande IV Super-Kamiokande IV
Run 69402 Sub 1153 Event 230986879 Run 69402 Sub 1073 Event 214869682 Run 62609 Sub 277 Event 54322113 Run 68236 Sub 1027 Event 205535749
12-02-11:09:00:43 7 12-02-11:07:40:45 09-04-01:05:39:07 11-03-26:11:24:44
Inner: 5239 hits, 27879 pe R ° Inner: 4127 hits, 18082 pe Inner: 3829 hits, 28258 pe . Inner: 7807 hits, 74809 pe
outer: 3 hits, 4 pe Outer: 3 hits, 10 pe Outer: 154 hits, 668 pe Outer: 285 hits, 1261 pe
Trigger: 0x10000007 Trigger: 0x10000007 Trigger: 0x1000000£ frigger: 0x1000000
D_wall: 915.4 cm D wall: 1112.1 cm D_wall: 592.3 cm D_wall: -0.0 cm
Evis: 2.8 GeV Evis: 2.3 Gev Bvis: 3.4 GeV Evis: 0.0 MeV
e-like, p = 2762.6 MeV/c mu-like, p = 2009.5 Mev/c mu-like, p = 2736.5 MeV/c e-like, p = 0.0 MeV/c
Charge (pe) Charge (pe) Charge (pe) Charge (pe)
. >26.7 . 526.7 . >26.7 . >34.3 333228
® 23.3-26.7 ® 23.3-26.7 * 23.3-26.7 ® 30.0-34.3 '_ ¥ )
X 3823
3] 322828 $ X
ity e : %
* 4.7- 6.2 39%%% I;: ® 4.7- 6.2 * 4.7- 6.2 * 6.0- 8.0 ¢ ;4
® 3.3- 4.7 3505028800 882880¢ t: ® 3.3- 4.7 ¢ 3.3- 4.7 ® 4.3- 6.0
- - . - . . . -
° 2.2- 3.3 : 2.2- 3.3 Doz 2.9- 4.3 CHINE
* 1.3- 2.2 ° 1.3- 2.2 i 1.3- 2.2 e 1.7- 2.9 S s
® 0.7- 1.3 ® 0.7- 1.3 ¢ 0.7- 1.3 ® 0.9- 1.7 et
e 0.2- 0.7 * 0.2- 0.7 * 0.2- 0.7 * 0.3- 0.9 g233380sssees
. <o0.2 : 3 . <o0.2 . < 0.2 . <0.3
1300 1100 1400
0 mu-e é mu-e 0 nu-e 0 mu-e
1040 decays 880 |- ecay 592 decays 1120 decays
780 | 660 444 840 [
520 |- 440 - 296 560 |-
260 |- 220 - 148 280 |-
0 1 (I S| 0 L Lo, | PSP TS T W T 0 1 [
0 500 1000 1500 2000 0 500 1000 1500 2000 [} 500 1000 1500 2000 0 500 1000 1500 2000
Times (ns) Times (ns) Times (ns) Times (ns)
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Neutrino Observation in SK/ HK

e Effective area

* Fully-contained (FC) * Partially-contained (PC) * Upward-going muon (UPMU)
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Neutrino Observation in SK/ HK

Background (atmospheric v)
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- larger effective area

. Super-Kamiokande I-IV v,
Super-Kamiokande I-IV v,

Frejus v, b

'

- better angular resolution

Frejusv, ' f T
IceCube/DeepCore 2013 v,
e TecCube 214, - smaller backgrounds
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10 neutrino energy(MeV)

102

Prog. Theor. Exp. Phys. 2021, 103F01  '°

or O(10MeV) neutrinos from GRB

e Dec. 2008 ~ Mar. 2017

e Coincidence with 2208
GRBs

e Search window of £500
sec around GRB trigger
time

* No statistically significant
excess was observed

* Fluence upper limit is given

— See more detail “SuperK/HyperK GRBs” by Motoyasu |keda
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dence with O3a GW events
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* Constrain on isotropically-emitted neutrino energy

« Max p-value: 4.8% (1.40)
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v search from blazer TXS0506+056
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Figure 1. Reconstructed arrival directions of fully contained (FC; black circle), partially contained (PC; red cross), and upward-going muon (UPMU; blue plus) events
around the location of blazar TXS 0506-+056; (c, ) = (77°3582, + 5°6931) in equatorial coordinates. The horizontal axis is the R.A. and the vertical axis the decl.

The shaded circle in the left (right) figure shows the 10° (5°) search cone used in the analysis of FC and PC (UPMU) events.
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Figure 2. Number of detected events in each search region (points with error bar) are shown with corresponding predictions for the FC (left, black), PC (middle, red),
and UPMU (right, blue) samples. The error bar shows the statistical error.
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yrs data.

No significant excess found
and consistent with
background.



SuperK-Gd

Neutrinos from
past SNe

Events per hour

UPER Neutron Coptures on Gd vs. Concentration
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—  “Supernovae detection with SuperK/HyperK” by Guillaume Pronost
“Galactic supernova detection with EGADS/HEIMDALL” by Lluis Marti-Margo
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Hyper-Kamiokande
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Hyper-Kamiokande
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Summary

Super-K / Hyper-K are multi-purpose and rich-physics detectors.

Covering wide range of neutrino energies from MeV up to TeV.

Several features are different between low energy and high energy regions.
Sensitivities for astro observations depends on event sample.

Discriminate astro neutrino by energy, direction, event timing, and neutrino flavor.
Waiting for neutrinos from a variety of astro targets: SN, GRB, AGN, GW, ...

Anti neutrino detection is enhanced in SK-Gd by delayed coincidence of Gd
capture signal.

Construction of Hyper-K is on-going. plan to operate from 2027.



