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Super-Kamiokande:

Gadiated at Last!

1



2

This Innovative Area in a nutshell…
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My beloved Super-Kamiokande 

– already the best supernova n detector in the world –

has been taking data, with an occasional interruption, 

for twenty-six years now… but no SN neutrinos so far! 

50,000 tons

of ultra-pure water,

~13,000 light detectors
4



Super-Kamiokande is ready (~99% SN uptime) and 

waiting to detect supernova neutrinos from 

an explosion anywhere in our galaxy. 

→ We will let the world know the light is on its way. 
5



But waiting for a galactic supernova can… take a while, and many

of us would really like to see some supernova neutrinos!

So, after one of the sessions at Neutrino 2002 in Munich, theorist 

John Beacom and I decided to try and actually do something about it.
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ne can be individually identified by 

delayed coincidence: “Gd heartbeat” 

→ n-tags greatly reduce backgrounds to DSNB, p-decay, etc

ne

e+

2.2 MeV g-ray

p
n

Possibility 1: 10% or less

n+Gd →~8 MeV g

DT = ~30 msec

Possibility 2: 90% or more

g

g

Positron and gamma ray vertices within ~50 cm.

n+p→d + g

p

Gd

In addition to first introducing the term

“DSNB”, basically we said, “Let’s add 

0.1% gadolinium - using a water soluble 

gadolinium compound - to Super-K!”
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Selective Water+Gd 

Filtration System

15-ton Gadolinium

Pre-treatment 

Mixing Tank

Worldwide, over $10M (not counting salaries) has been spent 

developing and proving the viability of the Gd-in-water concept.

Main 200-ton Water Tank 

(224 50-cm PMT’s + 16 HK test tubes)
EGADS

Laboratory

in Kamioka

8



Light @ 15 meters and Gd conc. in the 200-ton EGADS tank

After two and a half years at full Gd loading, during stable operations 

EGADS water transparency remains within the SK ultrapure range.  

No detectable loss of Gd after more than 650 complete turnovers. 9



November 6th, 2017; This view is directed up the side 

wall from the bottom of the 200-ton EGADS tank. Looks great 

after 2.5 years of exposure to 0.1% Gd-loaded water!  10



EGADS is now the lowest latency 

SN neutrino detector in the world. 

We’ll send out an announcement

within a few seconds of a MW 

SN neutrino burst’s arrival!

~90,000 n  events 

@ Betelgeuse

~40 n events 

@ G.C.

With an R&D program of

mostly long-duration tests, 

EGADS also functions as 

a dedicated, Gd-loaded 

SN detector. Its realtime 

alerts are open to the public.

http://egads.epizy.com/SNmonitor.html
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Sorry, but there was no Milky Way supernova 

while I was preparing this talk yesterday.
12



Beneath Super-K; September 1st, 2018

Following 

~3000 person-

days of 

refurbishment 

work in 2018/19, 

as of Feb. 2019 

the detector 

was refilled 

with pure water 

and taking data, 

ready for the 

addition of 

gadolinium.

13



Gd Loading Super-Kamiokande in 2020

Loading Super-Kamiokande with Gadolinium (First Step)

After nearly 20 years of R&D, planning, and preparation, culminating with a major 

detector refurbishment in 2018/9, Super-K was finally loaded with 0.01% 

gadolinium (meaning 13.2 tons of Gd2(SO4)3*8H2O) in July/August 2020 → SK-VI

“First Gadolinium Loading to Super-Kamiokande”, 

Super-K Collaboration, Nuclear Inst. And Methods 

in Physics Research, A 1027 (2022) 16624814



After nearly two years running with 0.01% Gd in SK, things are going well: 

And

so…
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Loading Super-Kamiokande with Gadolinium (Next Step)

Starting on June 1st, 2022, the next phase of SK operations (SK-VII) began. At 

10:26 a.m. JST, the continuous loading of another 26 tons of Gd2(SO4)3*8H2O was 

started.  This will bring the Gd concentration to 0.03% within July.

For an obscure rare earth element 

typically purchased by the gram, 

these two SK lots of ultra-radiopure 

(paper in prep) gadolinium sulfate, 

at 13 and 26 tons, are by far the 

largest orders of Gd in history! 16



Method: Return 0.01% Gd-loaded water from top and supply 0.03% Gd-loaded water

0.01% Gd
0.01% Gd

0.01% Gd

0.03% Gd

0.03%Gd

0.03%Gd
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Loading is on going as scheduled. 
Plan to be finished by the middle of 
July.

Loading was started on June 1.

Status of additional Gd-loading（as of June 12, 2022)
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132 tons → ~90%

(ultimate goal)

40 tons → ~75%

(happening now!)

13.2 tons of 

Gd2(SO4)3*8H2O

in 50 ktons water

→ ~50% capture

on gadolinium

(SK-VI status)
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Positron analysis threshold = 12 MeV

Assume conservative systematic error

(same as present)
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Positron analysis threshold = 12 MeV
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Assume conservative systematic error 

(same as present)
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In addition to making the DSNB visible, in the case of a 
Milky Way supernova having Gd2(SO4)3 in Super-K will 

provide many important benefits:
➢ Allows the exact ne flux, energy spectrum, and time profile 

to be determined via the extraction of a pure IBD sample.

➢ Instantly identifies a burst as genuine via “Gd heartbeat”.

➢ Increases the ES 
pointing accuracy.

➢ Helps to identify the other neutrino signals, especially the 
weak neutronization burst of ne.

➢ Enables a search for very late time black hole formation.

➢ Provides for very early warning of the most spectacular, 
nearby explosions so we can be sure not to miss them.
[see arXiv:2205.09881v1 [hep-ex]] 23



Due to the increased 
confidence provided by

Gd-tagging the IBD events, 
since December 2021 

Super-K has been sending 
fully automated SN burst 

alerts to GCN.
Here’s the output of our

latest test:

Latency is currently on the order 
of minutes; reconstruction  
improvements ongoing with 
goal of <1 minute 24



Pre-SN (Silicon Burning) Alert

For very nearby massive stars, gadolinium will allow Super-K to identify a 

star that is in its final stages of fusion and about to collapse. An online system -

distinct from the SNWatch burst alarm - has been operational since October 2021. 

Solid lines = normal neutrino mass hierarchy 

Dashed lines = inverted neutrino mass hierarchy. 

Baseline model (15 M☉ and 25 M☉) = Odrzywolek & Heger 2010

Alternative model (15 M☉ only) =  Patton et al. 2017

The bands reflect variations in Japanese nuclear power reactor activity. 
25
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Pre-SN (Silicon Burning) Alert: 

MOU Between KamLAND and Super-Kamiokande
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“Prospects for Detection of the DSNB with 

SK-Gd and JUNO”, Y. Li, M. Vagins, and 

M. Wurm, Universe 8 (2022) 3, 181



While Super-Kamiokande waits for the next galactic supernova explosion 

- very nearby or otherwise - gadolinium now allows us to continuously 

collect SN n’s from explosions halfway across the universe.

For the past two years we have been taking data with what is essentially a 

completely new SK enriched with 0.01% Gd, positively impacting many 

physics topics. The next phase - utilizing three times as much Gd - has 

just begun, with its concentration being increased at this very minute.

SK is looking to have evidence

of the world’s first diffuse 

supernova neutrino signal 

within the next few years!
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