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Prediction of GUTs in 1970’s

Georgi and Glashow

Proton decay was predicted.

Expected number of proton 
decay events was 30 ~ 300 
events/1000ton/year for 1031 ~ 
1030 years of proton lifetime.

P. Langacker, Phys. Rep. 72, No.4(1981) 185.
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Large proton decay detectors were constructed in 1980’s

IMB (3400 ton)

Kamiokande (880 ton)

Frejus
(700 ton)

NUSEX
(130 ton)

KGF
(~100 ton)

5(fiducial volume)



Kamiokande-I (1983-1984)

Inner detector only, i.e. no outer 
detector.
Readout of charge information only 
(i.e. no timing information).

Fiducial volume: 880 ton           
(2m from the wall)
1000 20-inch PMTs were used
Photo-coverage: 20%

Original purpose:
Search for proton decay

Standalone tank 
in a cavity
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Competitor: IMB experiment
Fiducial volume: ~3400 ton

(x4 of Kamiokande)
2048 5-inch PMTs
Photo-coverage: 1.3%

Already started in 1982

First discovery of proton decay  must be from IMB. 

It is enough for pe+π0 search
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Purpose of Kamiokande
Aimed to measure 
branching ratio of proton 
decay

p→e+π0  Monte Carlo simulation

e+

π0→γγ

High resolution detector for measuring 
the branching ratio of proton decay. 

It should be useful to pin down the true 
GUT model.

3500

However, proton decay was not observed….
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Made outer detector to shield 
external gamma rays

Upgrade to Kamiokande-ＩＩ (1984-1985)
Thanks to large photo-coverage, it was found that the detector is 
sensitive to low energy events.
So, the detector was upgraded for solar neutrino measurement in 
1984-1985.
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Upgrade electronics for readout of timing information. 
It improved vertex reconstruction.

Upgrade to Kamiokande-ＩＩ (1984-1985)

Univ. of Pennsylvania people joined.

A.K.Mann

E.W.BeierR.Van Berg

B.G.Cortez

UPENN electronics was installed 
in 1985 autumn.
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222Rn → 218Po → 214Pb → 214Bi →β (3.26MeV)
Battle against Radon(1985 → )

Fresh water supply mode 
→ recirculation mode (1985 April）

1986 1987

Improve water system, 
air-tightening

SN1987A

Air-tightening 
the tank

Radon level was 
stable at that time
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Cf. Expected solar neutrino event 
rate was ~0.5 event/day.



Vertical axis:
Number of hit PMTs for each event, 
which is almost proportional to energy 

12 events within 13sec.
11 of them are higher 
energy events.

at 16:35:35 on Feb.23, 1987
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Typical event displays
Event #1 Event #7
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Kamiokande, IMB and Baksan observed neutrinos

Kam-II  (11 evts.)
IMB-3 (8 evts.)
Baksan (5 evts.)

24 events total

Energy threshold (at 50% eff.)
~8.5 MeV @ Kamiokande
~28 MeV  @ IMB

~10 MeV @ Baksan

Detection efficiency
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What we have learned from SN1987A

Jegerlehner, Neubig & Raffelt, PRD 54 (1996) 1194

 Total energy released by ν̅e was measured to be ~5x1052 erg.
 Assuming equipartition, binding energy was estimated to be ~3x1053 erg.
 The observed released energy and explosion time scale were  consistent 

with predictions from the supernova theory.

However, no detailed information of burst process was observed 
because of low statistics.

Vissani, J. Phys. G: Nucl. Part. Phys. 42 (2015) 013001
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Angle vs. energy of Kamiokande, IMB

 First Kamiokande event is from the direction of SN1987A. (expected electron scattering 
event is 0.4 for entire time range. Expected neutronization event is 0.001～0.005）
 Higher energy events of Kamiokande are close to the direction from SN1987A.
 7 out of 8 IMB events are in the forward hemisphere.

Are they simply statistical fluctuation?
I am eager to see the distribution of the next galactic supernova.

(to SN1987A)
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Solar neutrino observation at Kamiokande
K.S. Hirata et al., Phys. Rev. Lett. 63, 16 (1989)
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• Kamiokande successfully observed solar 
neutrinos and published a paper in 1989.

• This observation satisfied the 
requirements of  "astronomy" (according 
to Prof. Koshiba):

• Real-time observations
• Measuring the direction of particles
• Measuring the energy of particles

• Kamiokande confirmed the "solar 
neutrino problem" but its cause (neutrino 
oscillation?, solar model problem?, etc.) 
was not clear at that time.



Cover page of the document for the
Super-Kamiokande budget request

Fiscal Year １９９１

Document for budget request

Large Water Cherenkov 
Astro-Particle Detector

The University of Tokyo
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Research subjects



①Solar ν precise measurement

②Supernova neutrino precise measurement

③Supernova relic neutrino precise measurement

④Atmospheric ν precise measurement

⑤High energy neutrino from dark matter in 
the Sun

⑥High energy neutrino point source

⑦Proton decay search

⑧𝑛𝑛 − �𝑛𝑛 oscillation

⑨Monopole search

◎

◎

○ Ongoing

○ Ongoing

○ Ongoing

○ Ongoing

× Not found yet

!!! Main topic of Gd-loaded Super-K

Score

△

○ Ongoing
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Research subjects



Super-K construction
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Outer detector PMT installation Inner detector PMT installation

We did a lot of labor work for the construction.



Online monitor
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Mark also worked on an online monitoring system. 
The computer, called “Kingfish”, distributes data to an online event display.

Copy of the transparency from Mark’s presentation at the April 1996 collaboration meeting.
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April 1, 1996  Super-K started
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April 1, 1996  Super-K started
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April 1, 1996  Super-K started



1998：Neutrino oscillations were 
discovered with atmospheric neutrinos
（muon-neutrinos to tau-neutrinos）

2001：Solar neutrino oscillation by comparing 
SK and SNO data
（electron-neutrinos to muon/tau-neutrinos)

Initial Discoveries at Super-Kamiokande

cosmic 
rays

earth
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Nov.12, 2001   Super-K accident

Broken dinode

A lot of glass wreck at the bottom

6,777 inner-detector PMTs were destroyed.
1,100 outer-detector PMTs were destroyed.

Approximately 60% of the PMTs were destroyed. 
The damage was triggered by the breakage of 
one PMT at the bottom. This created a 
shockwave, leading to a chain reaction that 
caused many PMTs to break. 28



Super-Kamiokande reconstruction

Mount PMTs (May-October, 2002)

Case which prevent shock wave production
Acrylic (13 mm thick; front) and
Fiberglass (9 layers of glass mat; back) 



……..
……..





Test at 1kt water tank used for K2K
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In November 2005, GdCl3 was loaded with 0.02% solution. 

Light yield of cosmic ray muons has drastically reduced. 
Iron ion concentration was increased.

Visually inspected and we found 
that rust is a big issue.

10.8 m diameter
10.8 m height
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I started to get into the GADZOOKS! project through 
studies on corrosion and environmental impacts
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Gd committee report and collaboration decision for that.
(Nov.2007 collaboration meeting)

GADZOOKS! people proposed to dissolve ~200 kg of Gd(NO3)3 to SK.



Make 200 ton test tank and demonstrate the GADZOOKS! Idea.

0.2%Gd water in 
~200 ton water tank
with 240 PMTs

PMTs

Water circulation 
system

Transparency 
measurement
by UDEAL

EGADS
Evaluating Gadolinium’s Action on Detector Systems

Figure by A.Kibayashi



SK water purification system

５０ｍ

Super-Kamiokande

Decided place for EGADS was excavated

To Atotsu entrance

EGADS hall

Parking place

Widen the tunnel

Underground site map



EGADS water tank construction

May 18, 2010



Feb.16, 2011

Gd water 
Circulation system

pre-treatment system

200 ton tank UDEAL
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EGADS hall

15 ton tank
for pre-treat



EGADS strategy [Step 1]
200 ton water tank

Main water 
circulation system

15m3 tank

W/O PMT

 Circulate pure water through 200 ton tank and the water 
circulation system to test basic performance of the water 
circulation system.

 It was done from March – June, 2011.



EGADS strategy [Step 2]
200 ton water tank

Main water 
circulation system

15ton tank

W/O PMT

 Circulate Gd-loaded water through 15 ton tank and the 
water circulation system to measure water transparency of 
Gd itself.

 Started from Aug.2011.



EGADS strategy [Step 3]
200 ton water tank

Main water 
circulation system

15m3 tank

W/O PMT

 Circulate Gd-loaded water through 200 ton tank and the 
water circulation system to test the effect of the stainless 
steel tank.



EGADS strategy [Step 4]
200 ton water tank

Main water 
circulation system

15m3 tank

 Mount 240 PMTs.



EGADS strategy [Step 5]
200 ton water tank

Main water 
circulation system

15m3 tank

 Circulate Gd-loaded water through 200 ton tank and the 
water circulation system for real simulation of the Super-K 
detector.

With PMTs, 
cables, black 
sheet and etc.



240 PMTs were mounted in the EGADS tank in 2013 
summer.



Light @ 15 meters in the 200-ton tank (Gd water, with PMT’s)
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Photo while mounting PMT in July, 2013.

In May 2014, we opened the EGADS tank and found 
that one of the wires supporting the black sheet was 
not stainless steel. Once again, we realized that rust 
is the enemy. We spent the summer of 2014 
removing the rust from the tank.



July 7, 2014 July 9, 2014

Cleaning EGADS tank in 2014
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Top

Middle

Bottom

Light @ 15 meters in the 200-ton tank (Gd water, PMT’s)

Nov. 10,
2014

Feb. 25,
2015

June 24,
2015
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Official statement to outside
On June 27, 2015, the Super-Kamiokande
collaboration approved the SuperK-Gd project 
which will enhance anti-neutrino detectability by 
dissolving gadolinium to the Super-K water. 
The actual schedule of the project including 
refurbishment of the tank and Gd-loading time 
will be determined soon taking into account  the 
T2K schedule.
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From SK collaboration council on June 27, 2015



There were still many issues that we had to solved even 
after receiving approval from the SK collaboration

• How to stop the water leak in the SK tank
• How to deal with the local environmental community
• How to remove rust from the SK tank
• How to construct the real water system for Super-K
• How to load tens of tons of gadolinium into the 

Super-K tank within a reasonable time
• Prepare the Gd removal system before loading
• ….
• ….

50

Those would be presented by Sekiya-san tomorrow, who has 
led their development.
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Gd was loaded quite smoothly
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The 1st Gd-loading  Jul.14 – Aug.17, 2020
The pure water in the SK tank was taken from the top and returned from the bottom in 
0.02% Gd2(SO4)3 solution (=0.01% Gd = 0.026% Gd2(SO4)3·8H2O)
It took 35 days to replace 50,000 tons of water at 60 m3/h

Pure water
Pure water



The 2nd Gd-loading  Jun.1 – Jul.5, 2022
0.01% Gd water was taken from the top and returned from the bottom in 0.06% Gd2(SO4)3
solution (=0.03% Gd = 0.078% Gd2(SO4)3·8H2O). It took 35 days to replace 50,000 tons of water 
at 60 m3/h
One batch:  

17 kg of Gd2(SO4)3·8H2O
+  1600 L of SK water

~900kg /day x 35 day. Jul. 14
%
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0

0.
02
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0.01% Gd
0.01% Gd 0.01% Gd

0.03% Gd
0.03%Gd

0.03%Gd

27tons
=1350 x 20kg cardboard boxes!

Jun. 1 Jul. 5
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26 tons of Gd2(SO4)3·8H2O was loaded.



Message to Mark
• Thank you very much for your GADZOOKS! proposal and tireless efforts 

in realizing it. 

• The fascinating physics of supernova neutrinos led us to load gadolinium 
into the Super-K tank, hence "Supernova neutrinos invited gadolinium to 
Kamioka.“

• Now, gadolinium should invite supernova neutrinos to Super-K from the 
universe, specifically, diffuse supernova neutrinos should be detected. 

• A galactic supernova should occur within the lifetime of Super-K. 

• Thank you again to the Gdfather, Prof. Mark Vagins.
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