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Super-Kamiokande

« Hh0kton ring imaging pure water Cherenkov detector
e 1km (2700 mwe) underground in Kamioka

1996 2002 2006 2008 2018 2019

SK-III SK-IV

Aug-2002

SK-Ill and later
11129 50cm PMTs
in Inner Detector
1885 20cm PMTs
in Outer Detector

« SK-V has just started on January 29, 2019
o After the tank refurbishment work for SK-Gd



SK-@Gd project

Identify v_p events by neutron tagging with Gadolinium.
Large cross section for thermal neutron (48.89kb)

Neutron captured Gd emits 3-4 ys in total 8 MeV

Gd,(SO,); was selected to dissolve.

AT~ 30us

Captures on Gd

Beacom and Vagins PRL93,171101 (2004)
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0.1% (‘d (0.2% m Gd, (QO +)3) gives

~90% efﬂmency
forn Capture

In Super- iK this requires
§d|ssolvmg ~100 tons

of Gd, (so )3

Gd in Water
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Goals of SK-Gd

First observation of Supernova Relic Neutrinos

Improve pointing accuracy for galactic
supernova

Precursor of nearby supernova by Si-burning
neutrinos

Reduce proton decay background

Neutrino/anti-neutrino discrimination
(Long-baseline and atm nu's)

Reactor neutrinos



Supernova neutrinos
e The only detected SN neutrinos are from SN1987A:LMC(50kpc) e

Jegerlehner, Neubig & Raffelt, PRD 54 (1996) 1194
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o The obtained binding energy is almost as expected, but large error in neutrino mean energy.
No detailed information of burst process. We need energy, flavor and time structure.

o After waiting for 30 years without new burst, we are now actively trying to detect
supernova neutrinos



Supernova Relic Neutrinos
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Status of SRN search

e Super-K holds the current best limits for the SRN flux

« Sensitivity limited by backgrounds
« However, only one order magnitude above theoretical predictions.

« Should be within Super-K's reach, once we were able to

reduce background!

Astrophys J. 804 75 (2015)
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-xpected signal

« |t depends on typical/actual SN
emission spectrum

SRN flux: Horiuchi, Beacom and Dwek,
PRD, 79, 083013 (2009)
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SRN events number with 10 years observation
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e First observation is within
250 SK-Gd’s reach!
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3G source: atmospheric neutrino

“invisible muon
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Declination (deg.)

Improving pointing accuracy for supernova
burst neutrinos

By tagging IBD events with Gd (which does not have directional
information), extract v+e elastic scattering events from SN

« Pointing accuracy for SN at 10 kpc: 4~5° — 30 (90%CL)
 Helps finding coincidence with optical observation
Simulation of SN at 10kpc
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Improved accelerator and atmospheric

neutrino measurements

 Neutron information can improve measurements of

~GeV atmospheric and accelerator neutrinos

 Energy reconstruction improvements
» Neutrino/Antineutrino separation

« \Various potential physics impacts:

 Improved neutrino interaction
modeling

* Improved neutrino oscillation
measurements

Feedback to SRN analysis
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Atmospheric neutrino 1-ing e-like sample

§_ | | | v 1-ring e-like =
= ~777] V¥ 1-ring e-like =
= 0.5 GeV < E,< 0.7GeV =
; Assuming n-tag efficiency of 80%. —f
Z% (capture eff.=90%, Gd-y det.eff.=~90%) -
0 2 4 6 8 10

Gd-tagged neutrons



Super-K Refurbishment 2018-2019

e Super-K has undergone a major refurbishment works from May 31,
2018 to Jan 29, 2019

- Make the tank water-tight in order not to leak Gd to the environment.

« Improve water plumbing to increase the flow rate from 60 t/h to 120
t/h with better flow control.

« Replace a few hundred faulty PMTs and install 136 Hyper-K type 20”
B&L PMTs.
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Powder transport

Gd2(50,)3 powder in
1 ton flexible container

120m3/h
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Lot(500kg) Ce U Th
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Tests with the EGADS (200t tank)
demOnStratOr Evaluating Gadolinium’s Action on Detector Systems

Transparency
measurement
(UDEAL)

15m3 tank to el 1 A ,
dissolve Gd 42 e =g =
D\ ! water c1rculatlon system

(purlfy water with Gd)

e Studying Gd water quality with actual detector materials USHSK
Also testing 13 HPDs for Hyper-K

- Have been operating with full (0.2%) Gd2(S04)3 loading since 2015



3500

-GADS water quality

Blue band: SK-IIT and SK-IV water transparency values
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« The light left at 15 m has been stable at ~75% for 0.2% Gd2(S04)3,
corresponds to ~92% of SK-IV average.

« No loss of Gd: >99.99% of Gd remains after circulating the water
system for more than 350 times



Neutron Calibrations in EGADS

i i . Neutron
Calibration done w/ AmBe neutron source Am/Be "E
BGO crystal used to detect 4.4 MeV “prompt” y signal i Gd
Decay time constant consistent w/ expectation - N 1 5
- " - J ¥ . -
Energy distribution well reproduced by MC T L /
light
Time to delayed signal Delayed signal spectrum
%2/ ndf = 98.57 / 95 R ——————————————
3 700 Preftminary © T T TN T TN g 2 204 70405 1 5.2¢+05 _§ 800 Breliminary | | ' ' ' | =
I:lEJ 600,_ p; :i;2§9:337§ 0-762+03 ns E 700 i’#r —* AmBe 2017 Data =
5 7 ool XA T R E
500 AmBe run = 5005_ ++ ﬁ =
400 exp(-x/p1) - . 4005_ ; b - . .
. PO ——57— P Gdz(§04)38HzO concentration c R ' Gd neutron capture efficiency
3004~ 2178x=76ppm 300 — Y . 0
ool — Expected 30.05+1.14 ps 200E- ¥ % Dat,a' 85.3£0.9 /g (stat)
- Fitted data  31.32+0.76 ps E *M RN MC: 84.4+ 0.3% (stat)
100? - L P | — - jﬂE 0; H M—---m wene oo o;
T B GRS CR R c R R o R R
i AtF'rompl—Delayed [ns] # of PMT hits

Demonstrated neutron detection with Gd in water Cherenkov detectors
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