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I've been a part of
Super-Kamiokande
(and wearing brightly-colored

shirts) from its very early days...
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Between 1998 and 2014 | served
as a leader of Super-K’s solar and
supernova neutrino analysis group.

It was in this capacity that I first
became aware of Hitoshi’s work:

This paper, whose very abstract
Insisted (correctly) there was a
better way to present solar neutrino
data, caused quite a stir in the halls
and meeting rooms of the Kamioka
Observatory in the year 2000.

‘H 28 September 2000
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Abstract

Results of neutrino oscillation experiments have always been presented on the (sin?28, Am?) parameter space for the
case of two-flavor oscillations. We point out, however, that this parameterization misses the half of the parameter space
T< 8< 7 (‘the dark side”), which is physically inequivalent to the region 0 < # < 7 (‘the light side’) in the presence of
matter effects. The MSW solutions to the solar neutrino problem can extend to the dark side, especially if we take the
conservative aftitude to allow higher confidence levels, ignore some of the experimental results in the fits, or relax
theoretical predictions. Furthermore, even the so-called ‘vacuum oscillation’ solution distinguishes the dark and the light
sides. We urge experimental collaborations to present their results on the entire parameter space. © 2000 Elsevier Science
B.V. All rights reserved.

Two years later, | was drawn into a related squabble between Yoichiro Suzuki,
who had just been promoted from being the Japanese leader of the solar and
supernova group to the Spokesperson of Super-K, and Hitoshi, who was then

a member of the Particle Data Group.

Hitoshi requested a certain plot to be created by Super-K for inclusion in the
latest edition of the PDG handbook, and Yoichiro was not too pleased about it.




Such occasional
drama aside, things
were going well for

our solar and
supernova neutrino

group.

Here's a remarkable
Super-K picture of
the Sun imaged in

MeV solar neutrino
“light”:

But what about
supernova
neutrinos?




A core-collapse supernova is _
B i " > v-Luminosity
a nearly perfect “neutrino bomb”. R l A

Within ten seconds of collapse it
releases >98% of its huge energy
(equal to 1012, hydrogen bombs
exploding every second since
the beginning of the universe!)
as neutrinos.

Neutrinos, along with
gravitational waves, provide
the only possible windows Into
core collapses’ inner dynamics.
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These 24 supernova
neutrinos remain the
only ones observed.



So, how can we be certain to see more supernova
neutrinos without having to wait too long?




This Is not the typical view of a
supernova! Which, of course... is good.

Yes, nearby supernova explosions may be rare,
but supernova explosions are extremely common.



Here’s how most
supernovas look Thereis about one SN

to us explosion per second

ideo is looped). . .
(video s looped). ) the universe as a whole.

These produce the as-yet
unobserved diffuse
supernovaneutrino

background [DSNB], also

known as the supernova
relic neutrinos [SRN].




“Everyone complains about the (supernova neutrino) weather,
but no one does anything about it..."
So, after one of the sessions at Neutrino 2002 in Munich, theorist
John Beacom and | spent a couple of hours sitting in a subway
station, brainstorming ideas.

mm_ay One_year lafer...

EI‘ \/f > hep-ph > arXiv:hep-ph/0309300

High Energy Physics - Phenomenaology

[Subvmilied an 20 Sep 2003]
GADZOOKS! Antineutrino Spectroscopy with Large Water Cerenkov Detectors

John F. Beacom, Mark R. Vagine

We propose modifying large water Cerenkov detectors by the addition of 0.2% gadolinium trichloride, which is highty soluble, newty inexpensive, and transparent in solution. Since Gd has an enormous cross section for radistive neutron capture, with L ET = B MeV, this
would make neutrons visible for the first time in such detectors, allowing antineutrine tagging by the coincidence detection reaction ¥, + p — % + n (similarly for ¥y). Taking Super-Kamiokande a= a working example, dramatic consequences for reactor neutring
measurements, first observation of the diffuse supemova neutring background, Galactic supemova detection, and other topics are discussed.

Comments 4 pages, 1 figure, suomimed 10 Phys. Rev LeR. Comespondance o beacomi@hal gou magins@usledy
Sunects High Ensrgy Physics - Phenomenaiogy (hep-ph) Astraphysics (3stro-pin): High Energy Prisles - Experimant (hep-e): Nuclear Exeriment (mushe): Nuclsar Theary (rushHn)
Foeparn umDeT: FERMILAB-Pun-03/249-A

Cheas aricheg-pNE0SI00 01 haS exaCﬂy 591
ce——— (Phys. Rev. Lett. 93 (2004) 1711

Joumal reference: Prys Reulel 53 (2004) 171101
fRelsied DO meps el ong! 10 HOAPTERaLa 331710 @

citations!]




Basically, we said, “Let's add 0.2% of a water soluble
gadolinium compound to Super-K!”

/Possibilitv 1: 10% or Iess\
n+p—>d + Y
/ O 2.2 MeV vy-ray

e\p \ N /

Gd \
\ "Possibility 2: 90% or more
n+Gd —»~8MeV vy
AT = ~30 usec

Positron and gamma ray - J
vertices are within ~50 cm.

Vv, can be identified by delayed coincidence.




Here’s what the coincident signals in Super-K
with GdCl; or Gd,(SO,); will look like
(energy resolution is applied):
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Gadzooks!

Mark Vagins
University of California, Irvine

Osawano
November 11, 2002

Here’s the very
first transparency

(l.e., what we older folks
used before PowerPoint

but after glass slides)

| ever showed on the

topic...
over twenty-two years
ago.

Please note the subtitle:

“A Serious SK Upgrade
Suggestion”



Now, John and | never wanted to merely propose a new
technique — we wanted to make it work!
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[Snowbird photo by A. Kusenko]

Suggesting a major modification of one of the world’s leading
neutrino detectors is indeed not the easiest route...

...S0 began many years of experimental and theoretical studies.

And then Hitoshi re-entered the story.



NNNO7-Hamamatsu

Workshop on Next Generation Nucleon ’Decay and Neutrino Detectors 2007

. This series of workshops is organized to discuss

October 5 80:%; 2007 Nucdleon decay searches
Act City Hamamatsu, Hamamatsu, JAPAN = Accelerator-based neutrino oscillation experiments

. ! » Neutninos from supemovae, atmosphere, and Sun
URL, http.//WWW-mmlClTU-tOkyoaij/NNNo7 . Large detector tec%ncﬂogy X P c
Email; nnn07@icmr_u-fokyo.ac jp » Photosensors

... and others

NNNO7 Program Advisory Comuuittee;

E.W. Beler (Peansylvania T0.), V. Barger (Wisconsin U.), J.-E. Campagne (LAL Orsay), 7. Ellis (CERN), F. von Felitzsch (TU Minchen), D, Finley (Fermilab), B. Kayser (Columbia U and Fermilab),
M. Lindner (MPI Heidelbeérg), N.K. Mondal (TIFR Mumbai), L. Mosca (CEA Saclay), K. Nishikawa (KEK), A. Rubbia (ETH Zurich), K Sato (U. of Tokyo), H. Sobel (UC Irvine), A. Suzki (KEK),
Y. Suauki (ICRR), Y. Tolsuka (KEK), J. Wikes (U. of Washington), T. Yanagida (U, of Tokyo)

NNN Steering Committee

C K. Jang (Stony Brook U.), S. Katsanevas (IN2P3), K. Nakamra (KEK)

NNNO7 Lecal Organizing Conunittee;

H Aibara (U of Tokve), K Hagiwara (KEK), Y. Hayato (ICRR), J. Hisano (ICRR), T. Kajita (co-chalr, ICRR), K Kaneyuki (ICRR), M. Nakahata (ICRR), K. Nakamura (co-chaw, KEK),
K. Okumua (ICRR), C. Sagt (KEK), M. Shiozawa (ICRR)

Thiz workshop 13 supported by Inoue Foundation for Scjence

Hitoshi and | were both presenting talks here, and on October 4™, 2007,
exactly one month after the press conference announcing the
establishment of IPMU, he invited me to apply for a job.




He said his intent was to create “an island of America in Japan.”

| was naturally skeptical if such a thing was even possible.

During my 13 years working in Japan up to that point, | had often seen

an old-fashioned EM## leadership style applied, especially in Kamioka.
But this is NOT my style!




| figured it would
take some kind of
magical wizard to

Create a place
where | would feel
at home in Japan.

This is my style!

But that’s
exactly whom
| was dealing

with!

Hitoshi Potter



On March 15, 2008, after visiting the

temporary basement headquarters of

IPMU, | received an official job offer
from Hitoshi. It read, in part:

“In this position, you will be able to continue your
research program in the Super-Kamiokande
experiment and play a leadership role in its future
program to dope it with a Gadolintum compound to
enhance its neutron detection capability, which may
well lead to the first detection of relic supernova
neutrinos.”

By now | could see Hitoshi's vision
taking shape, so this was like getting a
letter of invitation to attend Hogwarts!

| then promptly joined IPMU - as
its first full-time foreign professor.

.
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Now that | was part of the home team, IPMU/ICRR burlt EGADS (Evaluating

Gadolinium’s Action on Detector §ystems), a dedicated Gd demonstrator

which includes a working 200-ton scale model of SK, under my direction.
=6, =

Super-Kamiokande

EGADS Facility
in Kamioka Mine

EGADSHall |-
(2500 mA3)

¢ s 12/2009 e

In 2014 | was made the Ieader of Super Ks newa formed
gadolinium group, a position | continue to hold. In 2015, based on the
EGADS results it was decided to move forward and Ioad SK W|th Gd.
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Main 200-ton Water Tank -
(227 50-cm PMT’s + 13 HK test tubes) | EGADS
T N Sl N7 e, Laboratory \

15-ton Gadohnlum g:::.’ \

o Selectlve Water+Gd

Pre-treatment Filtration System

Mixing Tank

Well over $10,000,000 (1.5B yen) - not counting salaries - has been spent
developing and proving the viability of the Gd-in-water concepit.
In 2020, the first 13 tons of gadolinium sulfate went into Super-K (SK-VI),
and in 2022, with IPMU'’s help, the Gd,(SO,); In SK was tripled (SK-VII).



Oh, and another thing Hitoshi helped me (and IPMU) with...
My wonderful UTokyo graduate student, Saki Fujita, was explicitly
Inspired to apply for graduate school here as a result of reading Hitoshi’s
bestselling 2010 book, which was a junior high school gift from her mother.



At Neutrino 2024 the SK Collaboration released its latest Gd-enhanced results:
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Spectral-fitting analysis

They were highlighted in both the
experimental (Mark Chen) and

theoretical (Eligio Lisi) summary talks

at the conclusion of the conference.

(UC Irvine will host Neutrino 2026)

A"NUPER

Spectrum fitting analysis to extract significance
Total 6779 days of SK (5823 d pure-water and soann | | o6 days - 10 excess
956 d Gd-water) combined
Analysis threshold: Ev> 17.3 MeV £823 days .
- I i -} 253
Suppress uncertainty of background prediction - oo
by fitting both Na=1, Na#1
6779 days
. SHIVI 2.3 o excess
Statisiical and sy=wmatic emors || DENE model: Foriuchie9 ¢ Mel, max)
SK Phase [
= - 0 1 2 3
1 Skl DSNE flux [em™® =7
KA
i Highlight:
= L Sensitivity of SK-Gd ~1000 days exposure is already
; " — Combined
I

4 DSNB flux [em 2.5 1)
Best fit: 1.4

: Ml' for Ev>17.3 MeV

comparable level it with ~6000 days of pure-water SK
Best fit of whole SK observation is 1.4+0-8. 95 cm-2s-1

10 = exhibit ~2.3 o excess!!

[Masayuki Harada]




| currently control more gadolinium than any other private citizen in the world,
and | readily share it and my Gd-enabling filtration technology with all who ask.

Don, the Boulby Lab’s 'm gonna make them an

been asking lotsa offer they can't refuse.
questions about our FF S8 :

operation...

So, now you know how Hitoshi helped me become the Gdfather.



Gd-H,O: Everybody’s Doing It, Man..

Name Location | Main Goal Water Gd,(S0O,),
Volume Loaded

IEISIGADIATE EGADS  Kamioka  GdR&D, 200tons Since 2013
SN Watch
ANNIE Fermilab High-E 26 tons Since 2019
Neutron
Multiplicity
o SUPEr-K-VIIVIE  Kamioka DSNB, SN 50 ktons  Since 2020/2
Burst, PDK,
ATM/Sol/LB v
XENONNT Gran Dark Matter 700tons  Since 2023
W ater Shield Sasso Detection
WCTE CERN IWCD/mPMT 50 tons Early 2025
Demonstrator (planned)
30-ton Test BNL Nuclear Non- 30 tons Early-to
Tank Proliferation mid-2025
Demonstrator (planned)
BUTTON Boulby  Underground 30 tons 2025(?)
Demonstrator
Hyper-K-11(?)  Kamioka DSNB, SN 258 ktons 203X(?)
Burst, PDK,

ATM/Sol/LB v



But what about Father Christmas?

In November of 2009, during my second holiday season at IPMU, a call went
out on the Kashiwa campus for someone who met the following three criteria
(I quote directly):

“someone who has a bouncy tummy,
looks good on beard,
and has happy smiling face”

Proving to be a good fit to these parameters,
| quickly got an annual gig playing Santa Claus §
for the children of the Donguri nursery school |
on campus and did this for many years, often
encountering other IPMU parents whose young B

kids were attending the school.

But one year | attended a big Christmas show
near Tokyo called “Pure White Christmas,
A Salute To Santa” which had no Santa in it!

Upon exiting the theater | was spotted by the show's director, who exclaimed,
“‘My Santa!” And so | was discovered: I've been in the cast for over a decade.
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You may have noticed that | am a pretty happy guy...




THE SECRET Ol
S HAPPINESS




What Is the secret of (career) happiness?

** Imagine that you had enough
money to live comfortably.

¢ What in the world would you
spend all your free time doing?

8~ Now, find someone who wants
& to pay you for doing exactly that!

iPMU 2% iPMU




RERE / — AU MBWECS (EHEEER rakoski Ksits Nobel Prize Commemecstive Lecture Sefies

Thank you, Hitoshi, for all you've done for ENETFTIEE 1LY

Za—-bI/D/—RNIVED%

me, for Kavli IPMU, for the science world,
and for the world in general. We are all B

13:00-15:30 .7 12:30

truly better off for knowing you! s
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Happy 60t birthday!




