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History of Super-Kamiokande
1996 2002 2006 2008 2018 2019 2020
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« 1996 Start observation Tank refurbishment
« 1998 Discovery of the neutrino oscillation by atmospheric neutrino observation

« 2001 Discovery of the solar neutrino oscillation (together with SNO result)

« 2011 Discovery of electron neutrino appearance (T2K )

« 2015 Nobel prize

« 2016 Breakthrough prize

« 2020 Constraint on neutrino CP phase (T2K)



History of Super-Kamiokande

1996 2002 2006 2008 2018 2019 2020

SK-V ~ SK-Gd
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SK-Gd project

Dissolving Gd to enhance detection capability of neutrons from v interactions
Physics targets:
Super-Kamiokande (1) Discovery of Supernova relic neutrino (SRN)=>FH S A
(2) Galactic supernovae (pointing accuracy, and Si-burning v)
(3) Reduction of BG for proton decay, solar v, or reactor v

4) Neutrino/anti-neutrino discrimination
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R&D of ultra-pure Gd powder

Radio impurities in Gd power could
introduce additional backgrounds to
solar and supernova neutrinos

Stringent requirement for Rl imposed

Developed methods to evaluate low
concentration Rl

PTEP 2017 (2017) 11, 113H01

PTEP 2018 (2018) 9, 091HO01

arXiv: 2006.09664 . .
Screened at multiple sites

e |CP-MS: Kamioka

« HPGe: Canfranc, Boulby and
Kamioka

Worked with production companies
and achieved the required purity
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~irst Gd loading to SK

13 ton of Gd,(SO,); - 8H,0, (5 ton of Gd) was loaded at Lab-G from 7/14 to 8/17

Added Gdy(SO4)3-8H,0 amount [kq]
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(3d concentration in SK tank

d2(304)3'8H2
issolved wat

Suck pure water from top, dissolve Gd, and
supply cold Gd water from the bottom of SK.

Gd concentration after loading
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Neutron events with cosmic muon

 Neutron from stopping muon
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Neutron tagging by AmBe source

« Calibration with Am/Be : neutron + gamma-ray source
 Neutron capture signal after gamma-ray is obtained
« Gd concentration is consistent with what we added

Neutron capture time at detector center

Table from Guillaume san

:EE_ Before Gd water reaching (22nd Jul) Gd concentration | Gd-n ratio | Capture time [js]
%TUU;— After Gd loading (1st Sep.) 0‘1% 0‘880 25
3 600~ 0.05° 0.802 44
g0y 11053 1S prefiminary 0.0302 0.722 63
® ook AmBe cal. 0.02% 0.642 82

20 | 0.01% 0.490 116

wzé_“f"T}*ﬁ*”?m;“"f«ﬁ“f#g++|+m;:,mr+f~»ﬂ¢ﬁ+wu%¢$ e 107 Gd-n capture time estimated

0 D R O from Geant4 simulation

Plot from Yano san 12



Capture Time Constant [us]

Gd uniformity check by AmbBe Plots from Yano sar

Date vs Neutron Capture Time Constant
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attenuation length [ m ]

Water transparency
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Plans of SK-Gd

« Aiming to dissolve up to ~26 tons of additional
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Supernova burst detection at Super-K

« Time profile of SN burst neutrino signal
* Pointing accuracy
* Pre-SN signal



events/20msec

Model discrimination by Super-K

10kpc SUPETNOYE o profile of event rate

Plots from Nakahata san

. . Cooperation: H. Suzuki
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Expected improvement of SN pointing accuracy
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Expected improvement of SN pointing accuracy

) —
g'i' E 98% 156% 155% 13.5% 11.5% 9.4%
— 15 F E . .
%‘ 0k No oscillation
g st W/ oscillation (N.H)
o +—+1.2% . .
0 1 W/ oscillation (I.H)
~ W ________s
% X
E
- e RaaaRRl B & 5
>
Q 1t
b 04 06 08 1.0
-5 0 5 10 15

Optical magnitude Neutron detection efficiency
Nakamura et al (2016) .



SN monitor and SN direction fitter R&D

 Implementation of the new SN direction c : >
fitter including n-tag information 0% g e . o
 Will be ready soon | )

Red Supergiants 15

 Intelligent trigger for Gd signal search
e Current trigger threshold of Gd signal;
3.5 MeV = efficiency ~75%
e Trig. threshold can be 2.5 MeV(= eff. ~100% )

with more processing power

« GPU & machine learning
e Current direction fitter : ~10min for 10kpc SN

e Must be reduced to 1min or faster (e.g. W.R)
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» Latency of SN monitor B AVRE R
« Currently 1 hour after checks by experts 10 10 10t 100 10
« We want to improve to few min to circulate Shock propagation time [sec]
M Kistler et al.,ApJ 778 (2013) 81

SN direction without human checks
20



Pre-SN (Si burning) neutrinos

v, Spectrum from 30M, 1o+ 0-1% Gd concentration

' 0(100) IBD can be expected
during last 12 hours

EIEEE
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— SN Nakazato
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C. Simpson et al (SK Coll.), Astrophys. J. 885, 2 (2019)
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Detection probablhty 0.1% Gd concentration

Nulg;ber of events after event selection
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Summary

« SK-Gd started!

« First Gd loading was done in Jul-Aug last year.
« Gd concentration is uniform
« Water transparency is good

« More Gd will be added in next year

e Supernova detection
« Better pointing accuracy with Gd
« Aiming to get SN direction within 1 min
e Good sensitivity to pre-SN signals
 Pre-SN alarm will be implemented soon



