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Super Kamiokande detector
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GADZOOKS!

Gadolinium Antineutrino Detector Zealously Outperforming Old Kamiokande, Super!

Beacom and Vagins, Phys. Rev. Lett, 93:171101, 2004

Adding 0.2% Gadolinium sulfate, Super-Kamiokande will be the
world largest anti-neutrino detector.

— Coincident signal detection for anti-neutrino events.
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Physics of v with GADZOOKS!
(Observation of Supernova Relic Neutrino (SRN)

— Diffused neutrinos from all past supernova bursts.
— SRN has not yet been observed.

~

Galactic supernova neutrino burst

— Better direction determination by electron scattering
events selection.

— Spectrum measurement of not only v _+p, but also
V+e

— Prediction of supernova by detecting neutrinos in Si
burning phase. (~0.4 neutron/day for 10kpc, ~1000
neutron/day for 0.2kpc)

Reactor neutrinos

— Precise measurement of oscillation parameters by high
\_ statistics. J




Supernova Relic Neutrinos
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Current status SRN search with SK

e* candidates>16MeV/22.5kton year
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BG of SRN search with GADZOOKS!

By tagging the neutrons, we can reduce the background.

|deally, we can reduce the background by the factor of ~104
Watanabe et. al, Astroparticle Physics Vol31 Issue 4, 2009

and lower the energy threshold for SRN search down to ~10 MeV.
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90% of neutron capture efficiency, 74% of Gd gamma detection efficiency, Invisible

muon B.G. is 35% of that of SK-IV are assumed.



Evaluating Gadolinium's Action on
Detector Systems "EGADS”

R&D facility for GADZOOKS!

How to add/remove Gd R
How to purify Gd water? > The effect on the

How is the water transparency? | Water by adding Gd.
 Effect on materials

« Neutron background } Test for the
* Detection efficiency detection method.

Water purification 200t water Cerenkov detector
system W

" /!
UDEAL, Water transparency
measurement device



EGADS Water Circulation System
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Step 1&2, Water Circulation Tests

- March - June, 201 1
Pure water circulation through 200t stainless tank.

- Aug. 2011 ~ Dec. 2012
0.2% Gd,(SO,), circulation through 15t acrylic tank.

—Circulation and water transparency measurement



Transparency of EGADS pure /
Gd-loaded water
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SK equivalent water transparency is achieved during pure
water circulation with EGADS water system.

For Gd-loaded water, Cherenkov light will be left 70.2 *12%
after 15m. It is 86.2 *3 % of pure water.



Cherenkov light left at 15m for Gd water

In 15t tank
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Step 3, Water Circulation Tests with
200t Tank

Jan. 2013 ~ Jun. 2013
- Gd,(S0,), solution circulation through 200t stainless tank.

— Circulation and water transparency measurement.




Transparency of Gd-loaded water (w/o PMT)

Cherenkov Light Left (%)
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The light left at 15 m in the 200m?® tank (stainless steel) was ~69% for 0.2%
Gd2(S04)3 , which corresponds to ~84% of pure water.



Step 4, Photosensors Installation
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Jun. 2013 ~ Aug. 2013
« 240 photosensors are installed into 200t tank.
* 36 photosensors for top and bottom part of the tank.

* 168 photosensors for barrel part.

e Sensors: 227 20-inch PMT, 8 HPD and 5 HQE-PMT.







Final Step, EGADS full run

Wlth 240 photosensors
smaHSK

Sep 2013~
* Pure water circulation through 200t stainless tank with
photosensors Is ongoing.
» Photosensors calibration and 0.2% Gd,(SO,), solution

circulation will start soon.

* Integrated test of the neutron capture detection will be done.



'EGADS cosmic muon candidates
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EGADS cosmic muon candidates
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Summary

/By adding 0.2% of gadolinium sulfate into Super- \
Kamiokande, fruitful anti-neutrino physics study will
be avallable.

e.q. first detection of supernova relic neutrino.

= GADZOOKS!

 EGADS, R&D facility with 200t detector, has worked
for water circulation study from 201 1.

e 240 PMTs are installed into EGADS detector in
August 201 3.

 EGADS will perform the integrated study and
demonstrate the feasibility for GADZOOKS! soon.

KWe hope to start GADZOOKS! in a few years. /




Transparency Measurement Devices

UDEAL
— Wavelength at 7 points ( 337 ~
595 nm ).
— + 1% precision at attenuation
length > 100m.

Water transparency measured by UDEAL, device built
IN house which can give precisely measured
attenuation length over 100 meters.

Spectrophotometer is also used for the spectrum and
the absorption peaks. (< 337 nm)



Reactor Neutrino at GADZSOOKS!
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SN Direction Determination Precision

Direction Determination Precision
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2X better precision with neutron tagging.



b. Effect on water Cherenkov |i1ght

1. Cherenkov spectrum

6000 -
5000} 5
4000} E
3000} E
2000 E

1000 [

.
300

T
350

400

Detected Cherenkov =

(1. Cherenkov spectrum)

X (2. Absorption length of
PW/Gd)

x (3. QE of PMT)

P I B
450 500 550 600 WL [nm]

2. Absorption length

100
80
60
40

20f

1 of PW/Gd.

3. QE of SK PMT

0.22F

120 [ o e o o | 0.2 b, s e o

__________ | T

(R T| S — R— — T— S—
01BN
0.14 EHHL.““".."“; ............... s . T e

NI
X 0_1gm“;““_““““}“_““““_?“““"“_“§ ............... ?“_““““@ ...............
E 0.08 gm“;."“".”"”§ ............... ; ............... % ............... ;.n_..”"”é ...............

0.06 gm“;.“__.nuné ............... ; ............... ; ............... ;.“"““."_% ...............
004 ;_.. ............... . ............... .. ............... ............. .. ...............

e
g 300 350 400 450 500 550 600

1 |400 1 1 1

|450| 1 1

1 1 1 1 L | 1 1 1
500 550

600 WL [nm] WL [nm]



6. Cherenkov Spectrum at 15m

Cherenkov |ight left spectrum at 15m
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Cherenkov light left become 70.2 *'2.% after 1bm.
This is 86.2 8 % of pure water case.
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