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Message

Hirosi Ooquri

Director of the Kavli IPMU

Inaugural Address to
the Kavli IPMU Scientific
and Administrative Staff
Members

It is a great honor to succeed
Hitoshi as the second director of
this institute. | have known Hitoshi
for more than 30 years. First when
he was a graduate student in
Tokyo in the '80s, then when we
were both faculty members at
UC Berkeley. For the last 11 years,
| have been fortunate enough
to have worked with him again
at the Kavli IPMU and watched
his leadership closely. Thanks to
Hitoshi and the effort of many
others, the institute has grown
and flourished beyond my wildest
imagination.

Over the last 11 years, the Kavli
IPMU has produced high impact
discoveries in mathematics, physics,
and astronomy and has become
one of the most attractive research
destinations internationally. We

have succeeded in training and
mentoring students and young
scientists, and many of them have
landed distinguished academic
positions at leading universities
and research institutes all over the
world. We have introduced new
and more effective administrative
practices, and our initiatives are
transforming universities in Japan.

Nevertheless, | was still
pleasantly surprised when the Kavli
IPMU was chosen for the five-year
extension, which started last year.
Though there were many reasons
| can think of why we should
have been selected, it should not
escape anybody’s attention that
the research we do here is the
most useless among those of the
five WPI centers. It is significant
that the Japanese government
recognized the importance of the
basic research we do here and care
about, as something they should
continue to promote.

Supporting basic science is a

sl

good investment in a long run, and
there have been many testimonies
to support the fact that curiosity
driven research has produced
enormous dividends to humanity.

In 1939, Abraham Flexner, the
founding director of the Institute
for Advanced Study in Princeton
wrote in his essay that “Most
of the really great discoveries
which had ultimately proven to
be beneficial to the mankind had
been made by men and women
who were driven not by the desire
to be useful but merely the desire
to satisfy their curiosity.”

More recently, Jean-Lou
Chameau, the former president of
Caltech said—this one | heard in
person— “While we cannot pre-
determine where scientific research
will lead, we believe that true
innovation comes when people
can dream with freedom and
focus. | believe that this philosophy
of encouraging curiosity as well as
the pursuit of what may appear
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useless knowledge remains

an advantage of the country

that needs to be protected and
nurtured.” | found it impressive
that Chameau, who is a civil
engineer specialized in building
roads and bridges, thought that
pursuit of useless knowledge is of
national interest.

The Kavli IPMU is supported by
the three partners: the Japanese
Government, the University of
Tokyo, and the Kavli Foundation.
We are grateful to Dr. Christopher
Martin of the Kavli Foundation for
being with us today. In this context,
| believe the most important thing
for us to do is to continue to
demonstrate that we are worthy
of their support, by producing
ground breaking discoveries, by
training and mentoring young
scientists to become future
leaders, and by inspiring systems
reforms within the University of
Tokyo and by spreading them to
other universities in Japan. My job
as the director will be to enable all
of you to perform at the highest
level, by supporting your research
initiatives and by proving an ideal
environment for your research.

Usefulness of useless research
may be obvious to us here, but the
idea does not come naturally to
many outside of this building. We
should not take their support for
granted; we need to earn it. On my

part, | will take every opportunity
to explain the importance of what
we do here and to communicate
your achievements effectively to
our partners and to the general
public.

Four years ago, Peter Goddard,
the former director of the Institute
for Advanced Study, visited here,
and Hitoshi and | had a round-
table discussion with him. You
can read the transcript of our
conversation on the Kavli IPMU
News.” There are two things Peter
told us at the time, which have
stayed with me.

One is that a truly academic
institution should stay focused
within its defined mission.

The Kavli IPMU has been
successful, and it is well-supported,
both in terms of funding and of
human resources. We have become
a permanent institution and our
future is secure. We have many
significant research achievements
and have earned a high reputation.
This means that many attractive
opportunities are coming to us,
and there are many good things
we could do with them. But, there
are only a limited number of things
we can do. Rather than trying to
do every seemingly-good thing
that could be done, we should
carefully choose the research
directions that we are excited
about and believe in, and do them
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really well, identifying the most
effective way to use our resources,
taking calculated risks, and aiming
to become the best in what we do.
The choices we make should be
guided by our mission.

The genius of the Kavli IPMU
is in its mission, which is to solve
the most fundamental questions
about the Universe. The Universe is
big, and it can accommodate all of
us. There are many different ways
we can study it from mathematics,
from physics, from astronomy,
and contribute to advancement of
our knowledge, in astronomy, in
physics, and in mathematics.

My own research has also been
influenced by this mission. | am a
string theorist, but my association
to the Kavli IPMU has made me
acutely aware that it is important
to ask why and how my research
is relevant to questions about the
Universe. This has impacted the
direction of my research, positively
| hope.

When | was a high school
student, | read the book entitled
“Science and Method™ written
by Henri Poincaré, and it has had
a big impact on me. Toward the
end of this book, Poincaré asked
himself, “Why do some research

* “Round Table Talk: Peter Goddard with
Hitoshi Murayama and Hirosi Ooguri,” Kav/i
IPMU News No. 26, June 2014, pp. 16 — 21
and No. 27, September 2014, pp. 10 — 15.



directions give large returns and
others don’t?”

He wanted to devote himself to
research directions that give large
returns—the question is how to
identify them. His conclusion was
that the best research directions
are the ones that inspire and
influence progress in a broader
area of science. Poincaré wrote,
“as these sciences developed, we
have recognized more clearly the
link which unites them—the map
of universal science.” He compares
such science as “the nodal point of
the Gotthard Pass in Switzerland,
from which water flows and feeds
four different basins.”

In the Google parlance, it is
science with high PageRank that
gives large returns.

At the Kavli IPMU, we are
ideally positioned to practice what
Poincaré preached. Our common
goal to solve fundamental
guestions about the Universe
helps us place our work in the
big picture. The questions about
the Universe naturally motivate
mathematicians, physicists, and
astronomers to work together and
to recognize their links—the map
of universal science. Our mission
is what unites us here. | will foster
and enhance the environment
where such collaborations thrive.

Another point Peter Goddard
made at our round-table

discussion” was that one should
have an idea about timescale for
an academic institution.

Hitoshi started the IPMU with
his grand vision, and it has worked
extremely well over the last 11
years. | do not see any reason we
should change this basic model at
this point. But, we should not stay
content. Some of the projects we

started 11 years ago have matured,

and we should build upon
their successes to capture new
opportunities. This year, the Kavli
IPMU became a permanent entity
within the University of Tokyo. We
have earned a high reputation,
and many talented scientists want
to come here to work with us. This
means that there are things we
can do that we had not been able
to do before. It is a good time for
us to reflect upon the progress we
have made over the past 11 years
and plan for our future, by making
the most of our resources and
opportunities available to us.

| believe the science at the Kavli
IPMU should be driven by people.
This is very different from 11 years
ago, when IPMU started from
nothing—no faculty members, no
building. Now the most important
assets we have are the people—
and by that | mean you. Since the
beginning of last month, | have
met more than 25 scientific and
administrative staff members at

the Kavli IPMU to listen to their
dreams, learn new opportunities,
and find out how we can support
them. I will continue to do so in
the coming months. | will also
call upon some of you to work
together to construct our long-
term strategic plan for the next 10
years of the Kavli IPMU.

Finally, I would like to take
this opportunity to affirm
our commitment to provide
an inclusive and supportive
environment to the diverse group
of people in our community. To
realize our mission—solving the
most fundamental questions about
our Universe—it is essential that all
of us treat each other with respect,
maintain our professional working
environment free of harassment,
challenge our preconceptions, and
educate ourselves on our own
biases, so that everyone can bring
out the best in themselves. In this
intellectual environment, audacious
ideas are encouraged and shaped
by rigorous argument from diverse
perspectives, and new avenues of
research are explored and realized
with freedom and focus.

Together, we will boldly go
where no one has gone before.

Welcome to our 12th year at
the Kavli IPMU. | look forward to
working with you and serving this
institute as your new director.
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Hitoshi Murayama

Former Director of the Kavli IPMU

At long last the Kavli IPMU
became a permanent institution
in April this year thanks to the
support of the University of
Tokyo and the commitment by
its President, Makoto Gonokami,
funding from MEXT, and from the
private sector including the Kavli
Foundation.

Research institutes change
leadership on a regular basis
because the needs of the institute
change from its early days to the
stage when it is a well-established
organization. Once the Kavli IPMU
was in a stable state, | felt the time
has come to find a new director.
Given that the final evaluation by
the WPI program is scheduled for
the fall in 2021, it was important
to change the director now, or it
would not give the next director
enough time to see the results of
his/her initiatives. There were other
factors of course, such as the busy
schedule of traveling between the
US and Japan all the time, and

staying away from my family for
long periods of time. I'm grateful
to President Gonokami for taking
in my proposal, and together
with Vice President Hiroaki Aihara
setting up a search committee,
which put forward Hirosi Ooguri’s
name as the best candidate.

| can’t imagine a better pick
than Hirosi. In order to make sure
the continued success of Kavli
IPMU, my successor needs to be a
first-class scientist, internationally
renowned and respected, and has
experience with management and
leadership. There is no question
that Hirosi qualifies on all counts.
He's also been vital to Kavli IPMU
since it was just a proposal, and
has been instrumental in bringing
physics and mathematics together,
leading our string theory group,
advising hiring decisions, and
organizing conferences at the Kavli
IPMU.

| have no doubt the future is
bright for research in Japan, and

can move on knowing the Kavli
IPMU has been placed in good
hands.

Kavli IPMU News No. 44 December 2018



Michael S. Turner

Director of the Kavli Institute for Cosmological Physics at the

University of Chicago

Eleven years ago Hitoshi
Murayama founded a new kind
of institute in Japan with bold
ambitions—to bring together
mathematicians, astronomers and
physicists from around the world
to solve some of the deepest
mysteries about the Universe we

live in. He succeeded in creating
the IPMU as a world center, and

six years ago brought IPMU into
the Kavli family of world leading
institutes. With the appointment of
Hirosi Ooguri, a Japanese trained
world leading researcher in string
theory, as the next Director he

has handed off IPMU to another
visionary. We at the KICP have
benefitted from collaborating
with Murayama and the KIPMU
and look forward to working with
Ooguri in the future.

BUL EC sa
11th anniversary of the Kavli IPMU.
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Research Report

Super-Kamiokande Prepares for Gadolinium
Loading — Tank Open Work Following 12
Years of Continuous Operation

Shigetaka Moriyama

Kavli IPMU Principal Investigator

Hiroyuki Sekiya

Associate Professor, Institute for Cosmic Ray Research, The University of Tokyo, and Kavli IPMU Scientist

Mark R. Vagins

Kavli IPMU Principal Investigator

Introduction

Located in the mine at Kamioka-cho, Hida-city,
Gifu prefecture, Super-Kamiokande (Super-K, SK)
started taking data in 1996. Using the data collected
during its first two years of operation, ICRR Professor
and Kavli IPMU PI Takaaki Kajita was awarded the
Nobel Prize in physics in 2015 for the discovery of
atmospheric neutrino oscillations [1]. Super-K is
still producing high level results such as neutrino
observations from outer space and accelerators [2],
as well as studies on proton decay [3].

Following the successful completion of the R&D
phase of the EGADS project [4], Super-Kamiokande
is now being prepared for one of Kavli IPMU’

s flagship experimental initiatives: the enrichment
of Super-K’s 50,000 tons of pure water with 100
tons of gadolinium (Gd) sulfate [5-7] to enhance its
detection performance for thermal neutrons and
the electron antineutrinos which produce them.
This future phase of operation has been officially
designated SK-Gd.

As shown in Figure 1, the in-tank work began on

May 31, 2018, after 12 years of continuous detector
operation. There are four main tasks:

1) Fix a small water leak in the Super-K tank.

2) Replace the photomultiplier tubes that have failed
(a few hundred out of 13,000) since the previous in-
tank refurbishment in 2006.

3) Clean any rust and other dirt that has accumulated
in the detector since its original completion in 1996.
4) Install additional water piping to increase the
total water flow for increased water purification,
and to enable better control of the flow direction in
the tank.

In the middle of October 2018, we started to refill
the detector with pure water. Now (in December
2018) we are finalizing the in-tank work—which
has required a total of thousands of person-days
of effort—to prepare the detector for the next
phase of its long and productive life. In this article
we will describe the eventful work that has taken
place during the last half year and some of the new
physics which awaits Super-K once Gd-loading is a
reality.

8 Kavli IPMU News No. 44 December 2018



Figure 1: Working inside the Super-Kamiokande tank on August 18, 2018.

Physics targets of SK-Gd

The SK-Gd program is SK’s upgrade plan that
enables more efficient detection of electron
antineutrinos through the delayed coincidence of
signals of positrons and neutrons. Reines and Cowan
first discovered the neutrino using this technique
at a nuclear reactor [8]. They were using cadmium
as a neutron capture nucleus, while we are using
the much less reactive gadolinium just as recent
nuclear reactor neutrino experiments employ it
mixed into liquid scintillator [9]. At ~49,000 barns
the thermal neutron absorption cross section of
naturally occurring Gd is the largest of any stable
element; after absorption a cascade of gamma
rays are emitted with total energy of ~8 MeV, well
above SK’s energy threshold. Therefore, Gd-doping
makes it possible to detect neutrons even in a water
Cherenkov detector (Figure 2).

The ultimate goal of SK-Gd is the world’s
first detection of neutrinos from the all the

past supernova explosions. These are known
interchangeably as the Supernova Relic Neutrino
[SRN] or the Diffuse Supernova Neutrino Background
[DSNB]. In the universe there are 10°%*3 stars. Stars
with masses of more than eight times our sun are
believed to end their lives in supernova explosions:
these as-yet unobserved neutrinos must suffuse

the universe. Observing the DSNB would lead

to a deeper understanding of the energetics of
supernova explosions, since 99% of the energy
produced by the supernova explosion is released by
neutrinos. Also, since the DSNB is the accumulation
of neutrinos emitted from all of the supernova
explosions that have occurred since the beginning of
the universe, we can use their properties to explore
the history of massive stars as well as the source of
heavy elements.

Figure 3 shows the range of expected energy
distributions of the DSNB. Naturally the exact shape
is model dependent, but the intensity is roughly
several/cm’/sec. Therefore it is estimated that

Research
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verification of the DSNB flux will be possible with a
significance level greater than three sigma within 10
years of observation.

For supernova explosions occurring in our galaxy,
positive identification of electron antineutrinos
via neutron tagging will improve the accuracy of
directional determination to the supernova by
allowing those neutrino events that do not preserve
the directional information to be subtracted away.
It has also been suggested that neutron detection
could provide significant early warning—up to a
week in advance—of very nearby explosions of very
large stars [11]. In addition, the enrichment of SK’s
water with gadolinium is expected to enhance
the sensitivity of virtually all of the measurements
currently performed in SK, such as the Tokai-
to-Kamioka long baseline neutrino oscillation
experiment (T2K) and solar neutrino studies, as well
as proton decay searches.

Open Tank work

Figure 4 shows the structure of the Super-K tank.
Inside a cylindrical water tank, there is a stainless
steel structure indicated by two parallel dashed
lines supporting photomultiplier tubes (PMTs). The
structure is two meters distant from the outer

~ 8 MeV

Figure 2: Principle of the delayed
coincidence method with gadolinium
for antineutrino detection.

wall, bottom, and top of the tank. There are 11,129
inner detector (ID) PMTs and 1,885 outer detector
(OD) PMTs mounted on the structure. On the inner
surface of the support structure, spaces between
PMTs are covered with black-colored PET sheets to
suppress reflection of Cherenkov light. On the outer
surface of the structure, white Tyvek sheets are used
to enhance light-collection efficiency of OD PMTs.
Since the sheets are loosely connected by staplers
and pins, the water levels inside and outside are
identical.

A so-called “floating floor” was used to work
on the walls of the detector. During that phase of
the refurbishment effort we drained two meters of
water from the tank every three days, and worked
to seal potential water leakage points on the outer
wall as well as replace those failed PMTs which we
could reach from the floor. This idea was originally
provided by the University of Tokyo Professor
Masatoshi Koshiba during the Kamiokande era;
it is very beneficial in terms of cost savings when
compared with assembling and working from
standard scaffolding.

The Super-K tank is 40 m in diameter and 42 m
in height and contains 50,000 tons of pure water.
Its sides form an icosagon comprised of 400 pieces
of four mm-thick stainless steel plates, each six

10 Kavli IPMU News No. 44 December 2018



Figure 3: Expected energy spectra for the DSNB
and other coincident events (reactor neutrinos and
atmospheric neutrinos) [10].

meters wide and two meters tall. The bottom also
consists of an assembly of stainless plates. The total
submerged surface area is more than 6,000 m” and

the total length of welding lines is more than 6.2 km.

More than 3,200 bolts penetrate its sides. Given the
complexity and size of the Super-K tank, therefore,
it is not so surprising that there has always been a
modest water leak; we observed about one ton of
water leaking each day, corresponding to 700 cc per
minute. This is not serious as long as we use only
pure water. Although there is no official regulation
regarding Gd-loaded water, it is necessary to stop
the SK water leak to avoid release even in a case of
a large earthquake. This is the first goal indicated in
the introduction of this article.

To achieve a reliable leak fix, Super-K colleagues
have developed a special sealant material. It needed
to be soft, flexible, and able to stand an external
stretching force. It had to meet requirements
regarding small elution into water, low natural
radioactivity, long-time stability during water
exposure, and sufficient attachment strength to
stainless steel plates. Another entire article could
easily be filled describing the long and tireless
efforts to realize this special sealant material and
development of its primer.

Figure 5 shows the actual sealant work. Workers
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put thick tape along both side of the welding line

to hold the sealant material on the line. They used
trowels and paintbrushes to spread the sealant
material over the weld with the same thickness as
the surrounding tape. A double layer of sealant was
required to allow for unexpected gaps or pinholes in
one of the two layers.

There weren’t any serious issues during the actual
SK tank sealant work by company people since a
mockup test had been done in advance in a high
humidity environment. However, because of the cold
temperature (~13 C) of the tank wall, stainless plates,
and the solid rock behind them, we experienced
condensation on the inner walls due to the warmer
environment arising from the workers and lighting
used inside the water tank. In the worst case the
condensed water made it difficult to apply the thick
tape. By trying various methods of ventilation and
airflow, we finally overcame this problem.

Since the sealant material is produced by a special
procedure, its viscosity tends to get lower as time
goes by. Adequate viscosity was required for high-
quality sealing work on the wall, avoiding dripping
of the material. Because of this, careful arrangement
of the detailed schedule of production, transfer, and
consumption of the sealant was necessary.

Every time we drained the water, a team of 16

Research
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members cleaned up the wall, while 10 company
employees sealed the welding line. We ultimately
repeated this cycle 20 times.

The dirty wall and structures inside the Super-K
tank required a large amount of human power
to clean up. Since Super-K had been operated for
the last 20 years, it was hard to know the situation
in advance. In particular the top and outermost
structures were covered by a heavy residue of
exhaust gas and dust left over from the work in
1994 - 1995 during the detector construction. As
for the cleaning tools, it was dangerous to choose
arbitrary ones since most of them leave other types
of dust which may then degrade the water target
after restarting operation of Super-K. The water
team tried, investigated, combined, and developed
many kinds of cleaning tools; we found the cleaning
itself was an important research topic.

Ultimately we maintained excellent quality of
sealant attachment and removed a large amount of
radioactivity; at least 100 Bqg of radium was removed
during the cleanup according to a measurement by
a germanium detector. As the radon gas emitted
from this radium is comparable to that arising from
the PMTs themselves, the in-tank shiftworkers
contributed to lowering the background for future
solar neutrino observations.

Figure 4: Structure of the Super-K tank. We drained two meters
of water every three days in order to seal potential water
leakage points as well as replace failed PMTs.

As for the PMT replacement, we were required
to work at full speed as soon as the tank was first
opened since we could not delay the sealant work.
In particular, US colleagues who were responsible
to the OD PMT replacement performed admirably
and completed all their jobs on time. ID PMTs
are much heavier than the smaller OD tubes and
their replacement requires a great deal of effort,
especially as these inner tubes are encapsulated in
anti-implosion covers made of FRP and acrylic to
avoid a repeat of the chain reaction implosion that
happened in 2001. Every time we replaced PMTs
the tank needed to be closed and made dark inside
so that we could test the newly-installed PMTs. The
group in charge of DAQ and electronics then needed
to come in early and complete the tests before the 8
a.m. start of that day’s in-tank work.

We aimed to remove most potential sources
of rust during the cleaning work. Though we are
supposed to have only stainless steel parts inside
Super-K, we sometimes found plain iron bolts and
nuts covered by rust. We also found a clamp made
of iron that had been immersed for 12 years inside
the tank. Scratches on the stainless steel tank
wall and support structure also had rusted during
the long exposure to pure water. As much of this
rust was removed as possible. Because rust was

12 Kavli IPMU News No. 44 December 2018



Figure 5: Sealant work on the SK tank wall being
conducted from the floating floor. An outer
detector PMT can be seen at the right side.

a large concern before opening the tank, many
young researchers investigated various tools and
countermeasures from well before the work. We
worked very carefully in order to achieve better
water transparency and stable operations even after
the loading of gadolinium sulfate.

Tyvek sheet installation on the side wall was
another big job. The non-PMT area of the inner
detector is covered by black sheets so that we can
reconstruct events based on arrival time of photons,
but the outer detector is covered by reflective white
Tyvek sheets so that we can achieve higher detection
efficiency for entering muons. One hundred twenty
40-meter long, one-meter wide sheets were pulled
up using gondolas and adjacent Tyvek sheets were
connected by staples. After the completion of
sealing work on the bottom, we placed Tyvek sheets
over the bottom stainless steel plates as well. A
young Japanese researcher and US leaders worked
together and completed the bottom Tyveking in a
very short time. This cooperative work was necessary
to avoid any damage of the recently-applied sealant.

The total shift count this summer was 2,683.
Every day of the week except Sundays, 40 to 50
members worked on Super-K until the middle of
September. These members include not only shift
members, experts, managers, leaders, and company
people. Shift members came from Super-K, T2K,
and the Hyper-Kamiokande “proto-collaboration”,

involving researchers from all around the world. We
appreciate the many volunteers who did not belong
to any of these collaborations, but chose to help us
anyway.

One of the challenges we faced involved the OD
gondola due to its limited capacity. Though at least
30 members needed to enter the outer detector
every morning, the single available gondola and its
300-kg capacity caused a long queue of workers.
When we needed to work close to the bottom, it
took 20 minutes for one round trip. It was like a
puzzle to stagger the start time and end time of shift
groups and car assignments to avoid interference
with company people.

Since the first priority is always safety for workers,
we made constant efforts to provide sufficient safety
education, utilizing e-learning before their visits,
and guidance just before staring their work. Efforts
to improve the working environment also included
listening to workers, and discussion at the daily
morning meeting. We realized it was not sufficient
to simply tell people not to cause any accidents;
sharing information concerning potential dangers
was also important.

Research
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Water systems and the future

In addition to the tank cleaning, leak sealing,
and PMT replacement work, the SK water system
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Figure 6: Improvement of plumbing for better water flow inside the tank.

including in-tank piping was totally redesigned this
summer. The water purification system was originally
designed with a supply and circulation capacity of
30 m’/h, and the piping inside the tank was made
without separate lines for the inner region and the
outer region. During the previous SK reconstruction
periods in 2001 and 2005 this interior piping was not
substantially improved, even though the circulation
rate was raised to 60 m’/h from the middle of SK
Phase Il (SK-III). This time, as shown in Figure 6, we
decided to improve the water flow in the tank by
separating not only the pipes of the inner volume
and the outer volume, but also the pipes on the
side, top, and bottom of the outer volume so that
all the flow rates can be adjusted independently. Up
until now the effective detector volume for solar
neutrino analysis has been limited by the inflow of
background radon, but this plumbing improvement
makes it possible to control and optimize the flow
of water in the tank. The findings obtained through
this upgraded system are also being applied to the
design of Hyper-Kamiokande.

Incidentally, when the water level in the tank was
lowered down to the surface of the bottom PMTs,
we got a surprise. The 12 water inlets at the bottom
should all be made of low background acrylic pipes,
but we found that three of them near the center
of the tank actually were made of conventional

transparent polyvinyl chloride (PVC) tubes. In the
analysis of SK-IV (which began in 2008), there

are three event “hot spots” corresponding to the
PVC pipe positions. Prior to this discovery various
hypotheses have been discussed; perhaps the flow
balance had been destroyed or some broken PMT
glass which is a radon source became clogged in
the plumbing. Now we know the answer: PVC
containing lots of radioactive impurities was used. It
seems that the three pipes broke during the accident
in 2001 and were then quickly restored using
material in hand at the time of the emergency repair
work in 2002, but this was forgotten by the time

of the full reconstruction work in 2005. We again
realized the importance of recording, reporting,
seeing, and checking.

Mixing gadolinium sulfate with ultrapure water
easily produces a high purity gadolinium sulfate
aqueous solution. However, since the SK water
purification system is designed to remove all
impurities from water, if gadolinium sulfate is
dissolved and the system is operated as it is, the
desirable ions will be quickly removed along with
all the undesirable ones. Consequently, we had to
develop a brand new purification system to keep
only water, gadolinium ions and sulfate ions, and to
remove all other impurities.

Details cannot be described here, but for the
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last few years small prototype systems have been
evaluated and demonstrated. Based on these tests,
a new system for SK-Gd was constructed in 2016.
Commissioning this system has been conducted in
parallel with the in-tank work. The new flow rate
will be 120m*/h, which is double the rate in SK-IV:
another reason for the water pipes in the tank to
have been upgraded.

Previous water fills have taken place at a rate
of 30 m’/h using the original SK water purification
system; this took 2.5 months to fill the tank. As the
water which had been fed to the tank was never
circulated and repurified until after the tank became
full, it took another two months or so after the tank
was full before the water quality improved to the
point that useful data could be collected. This time,
the new SK-Gd water system is to be temporarily
operated as an ordinary water purification/
recirculating system by installing conventional ion
exchange resins made for producing ultrapure
water into the modules in the system. This
special operation should make it possible to start
observations as soon as the tank is filled. Then, the
resins in the new system will be replaced with the
ones safe for use with a gadolinium sulfate solution.
The new system will be operated with pure water at
first; the start of SK-Gd, i.e., the introduction of the
gadolinium sulfate, is planned during the 2019 fiscal
year taking into account the running schedule of the
T2K experiment.

Toward the next step

During the tank open period, we had to stop shift
work three times since the access road to Super-K
was closed due to heavy rain or typhoon. A more
serious but related issue is the danger of damaging
the Super-K tank itself due to an extended power
failure when the tank is not full. Since Super-K
is located below the water level in the mine, we
continuously drain the water surrounding the
Super-K tank through the spiral tunnel providing
access to the bottom of the tank. If the power

line for these pumps is cut due to bad weather

and the tank is partially empty, it may result in

the destruction of the Super-K tank from rising
external water pressure. To cope with this situation,
we prepared an independent power line, a power
generator, and a method of gaining emergency
entrance into the mine. Though we had already
filled up most of the water by December 2018, we
still hope that no power failure due to heavy snow
happens. After some final in-tank work in December
and January 2019, we will close the tank, and then
can finally start a new phase of operation, Super-K-V.
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ROdI‘IgO A|OnSO Research Field: Theoretical Physics

Postdoc

The core of my research is the search for a
fundamental origin of mass. This has taken me
through a number of fields i) electro-weak symmetry

breaking with emphasis on Higgs properties, ii) the
mass and mixing structure in the three generations of
matter, iii) the quest for the discovery of dark matter,
and iv) the contribution of gravity to the masses of
Nambu-Goldstone bosons. The focus of my work is on testability, generality and simplicity.

Ple'tr'O Ca radonna Research Field: Experimental Physics

Postdoc

| joined Professor Takahashi’'s group at Kavli-
IPMU, specifically to participate in the design and
development of a gamma-ray camera that can image

cancer stem cells in-vivo.

My investigations are naturally leading me towards
the fundamental aspects of particle physics, and my
future plan is to develop novel methods of applying
Compton cameras in this area. Indeed, the theoretical such ideas and | plan to take full advantage of my
community at Kavli IPMU is an ideal place to explore time at Kavli IPMU.
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ThOmaS Rafael Czank Research Field: Experimental Physics

Postdoc

During my PhD studies at Tohoku University | joined
the Dark Sector group of the Belle collaboration. We
pursued a search for a new U(1) gauge boson, Z,

which gauges lepton number differences. Besides its
connection to sterile neutrinos, it was expected that
it could also make a contribution to the magnetic

moment of the muon anomaly due to its coupling dark sector candidates along with rare decay modes
to muons. With Belle 2’s record sensitivity and data within the Standard Model, which demand more
samples on the horizon | am still interested in other elaborate analysis strategies.

Lalitwadee Kawinwanichakij researh i astronomy

Postdoc

| am interested in studying the formation and
evolution of galaxies using observational data.
My recent work focuses on the effect of the local

environment of galaxies on their star-formation
and using satellite galaxies to probe feedback
mechanisms in galaxy evolution.

At Kavli IPMU, | utilize the HSC survey to measure of processes associated with halo mass from those
the build-up of galaxies across the full range of associated with the large-scale environment on the
environments. My goal is to separate the effects galaxy star formation.

KelgO N d ka mura Research Field: Experimental Physics

Postdoc

| worked on the T2K long baseline neutrino
oscillation experiment to explore CP violation in

the lepton sector. In particular, | contributed to the
Our Team

development of the J-PARC accelerator and neutrino
beam line, and oscillation analysis.

At the Kavli IPMU, I will try to develop the Prime
Focus Spectrograph (PFS) of the Subaru Telescope. dark matter, and to measure the neutrino mass with
| want to explore the properties of dark energy and PFS.



lpsita Saha

Postdoc

Research Field: Theoretical Physics

My main focus of research lies in studying the
phenomenology of beyond the Standard Model
physics in the post Higgs discovery era. Specifically, |
am interested in finding the Higgs and electroweak
symmetry breaking properties of models based on
gauge and scalar sector extension of the SM. | have
worked on the detection prospect of such models
at the recent LHC and future high energy colliders.

I would like to continue research in this direction. |

have also worked on Dark Matter models in the light

John Welliaveetil

Postdoc

My research interests lie in the field of non-
Archimedean geometry which has seen a lot of
activity in recent years. | work on the homotopy
theory of certain Berkovich analytic spaces and on
the étale cohomology of finite type, separated adic
spaces. Recently, | have tried to study the extent to
which the constructions of Hrushovski-Loeser in the
book “Non-archimedean tame topology and stably
dominated types” can be made functorially. Another

Research Field: Mathematics

of various direct and indirect dark matter detection
experiments. My current interest involves the
detection possibility of such Dark Matter scenarios at
the current and future colliders.

project | am very interested is inspired by ideas
of Peter Scholze and aims to develop a theory of
perverse sheaves in the context of adic spaces.
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Workshop Report

The 4th Kavli IPMU-Durham IPPP-KEK-KIAS
Workshop: Beyond the BSM*

Michihisa Takeuchi

Kavli IPMU Postdoctoral Fellow

The international workshop “4th Kavli IPMU-
Durham IPPP-KEK-KIAS Workshop: Beyond the
BSM” was held in Ikaho, Gunma Prefecture for four
days from October 1 to 4, 2018. This workshop is
co-organized by Kavli IPMU, Institute for Particle
Physics Phenomenology of Durham University in
the UK, KEK, and KIAS. The organizing committee
consists of Michihisa Takeuchi (Kavli IPMU), Shigeki
Matsumoto (Kavli IPMU), Mihoko Nojiri (KEK, Kavli
IPMU), Satoshi Shirai (Kavli IPMU), Tom Melia (Kavli
IPMU), Pyungwon Ko (KIAS), Michael Spannowsky
(Durham), Frank Krauss (Durham), and Valya Khoze
(Durham).

After the LHC experiment Run 2 (center of gravity
energy 13 TeV), we have not yet found evidence of
new physics. This workshop was held with the aim
of setting up a place to discuss the possibility of
new particles/physics discoveries in the near future,
and the direction in which elementary particle
physics should proceed by inviting both theoretical
and experimental international experts from various
research fields such as collider physics, flavor
physics, low energy experiments, and astrophysical
observations. Since currently we are at an important
time to decide the future direction of particle
physics, it was a very timely research workshop.

The workshop consisted mainly of sessions which
included five long talks by invited speakers in the
morning, and afternoon and after-dinner sessions
(each consisting of five short talks). We had 15
presentations from abroad and 7 from domestic
invited speakers, and 21 short talks. There were 51

participants in total from 8 countries (including 26
from Japan).

On the first day, Wolfgang Altmannshofer
(Cincinnati) and Moto Endo (KEK) gave talks on B
flavor physics, and Kazuya Yonekura (Kyushu) gave
a talk on QCD phase transition. On the second
day, Bryan Webber (Cambridge) gave a talk on
Electroweak PDF, Michael Spannowsky on Higgs EFT,
Osamu Jinnouchi (Tokyo Tech) on uncertainty at HL-
LHC, and Tao Han (Pittsburgh) on Higgs couplings.
There were many talks on collider physics that day.
On the third day, talks on cosmic ray observation,
dark matter theory, etc. were presented, including a
talk by Joshua Ruderman (New York) on 21 c¢m line,
Yu-Feng Zhou (ITP, Chinese Academy of Sciences) on
cosmic ray spectral structure, and Shunsaku Horiuchi
(Virginia Tech) on galaxy-centered gamma rays. On
the fourth day, David Shih (Rutgers) talked about
the application of machine learning to new physics
searches, Hyun Min Lee (Chung-Ang) and Andreas
Weiler (TU Munichen) on dark matter models, Valya
Khoze on Higgsplosion, and Pyungwon Ko on self-
interacting dark matter (SIMP). In order to reveal
physics beyond the standard model, a wide range
of topics such as collider physics, flavor physics, dark
matter, and cosmic ray observation were discussed
and it turned out to be a wonderful research
workshop.

* “Beyond the BSM” means (i) BSM (beyond the Standard Model)
physics different from what has been considered so far, and (i) search
for new physics with precision measurements of the processes which
have been considered to be consistent with the Standard Model
predictions.
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Workshop Report

Flavor Physics Workshop 2018

Takeo Higuchi

Kavli IPMU Associate Professor

We held the Flavor Physics
Workshop 2018 at the Kavli IPMU
from October 30 to November 2,
2018. This series of workshops started
in 2008 with one major motivation:
to provide young students and
researchers a good opportunity to get
an overview of flavor physics so that
they can develop their future research
plans in particle physics. This year the
workshop had 36 graduate students
and 28 postdocs and faculty.

The workshop program is regularly
composed of lectures by invited
lecturers and presentations by
applied participants. Since the Belle
Il experiment with all sub-detectors
installed will start data-taking early
next year, as the first feature topic
of the lectures, we chose the physics
cases in which the anomaly from the
SM prediction is becoming significant;
flavor physics experiments should
promptly work on these physics cases
to reveal the theory behind the nearly-
significant anomalies. As for theory,
three very pragmatic lectures were

given covering the anomalies in
b—s£*¢" and b—c£ v transitions,
lepton flavor violation, and anomaly

in the muon EDM (electric dipole
moment). As for experiments,

four lectures that are useful to the
attendees for promptly reaching
results with the analysis of data from
a flavor physics experiment were given
covering the precise measurement

of the CKM matrix elements,
measurement of the branching
fraction of rare B-meson decays, and
lepton flavor violation and CP violation
measurement with the 1 -lepton
decays. In addition, as the second
featured topic, we chose the prospect
of future projects in particle physics.
Two lectures regarding the second
topic were given; one summarized

the activities in neutrino experiments
and underground experiments besides
flavor physics experiments, and the
other explained expectations for those
experiments for revealing the nature
of dark matter. Besides those lectures,
three introductory lectures about

particle physics and experimental
apparatus were given at the beginning
of the workshop, and there were 12
lectures in total.

We had 23 oral and 12 poster
presentations covering both theory
and experiment from the applied
applicants. Three recipients, Mr. Okui
(Niigara Univ.), Mr. Kamiji (Kyoto Univ.),
and Mr. Harada (Okayama Univ.), were
elected by vote for best talk in theory,
best talk in experiment, and best
poster, respectively. They received an
award certificate with an autographed
copy of Prof. Murayama’s book as
well as a T-shirt with the Kavli IPMU
logo.

We observed active and free
discussion throughout the workshop,
and we believe the workshop was an
enjoyable event for most attendees.
We are looking forward to the next
workshop, which will be scheduled
after the start of Belle Il with all sub-
detectors installed, and which will no
doubt be as exciting as this year.




Workshop Report

School / Workshop “Noncommutative
Deformations and Moduli Spaces’

Alexey Bondal

Kavli IPMU Principal Investigator

Kyoji Saito

Kavli IPMU Visiting Senior Scientist

The school and workshop
“Noncommutative deformations and
moduli spaces” took place at Kavli
IPMU the week of November 19 - 23,
2018. The thinking of the organizers
was to gather scientists who work
on the formal aspects of the theory
of noncommutative deformations
and algebraic geometers whose work
encounters the necessity to go beyond
the walls of the commutative world
and consider the noncommutative
moduli space of geometric objects
and/or geometric moduli spaces of
noncommutative objects.

Since the formal higher categorical
theory is a quickly developing
area of research, suggesting a very
non-classical point of view on the
deformation theory which is not very
familiar to people from outside the
Temple, it was decided to join the
workshop with short lecture courses
where experts can explain the main
ideas of the formal theory in an
accessible way without using technical
language. This event format attracted
many listeners from all over Japan
and overseas who are interested in
this trending theory of contemporary
mathematics.

One course on derived deformation
theory was given by Christopher Brav

(Russia) and Nick Rozenblyum (USA).
[t was a nice introductory course

on the most advanced homotopy
approach to deformation theory.
Many complicated formal topics,
which include a number of categorical
technicalities, were explained in
simple language and illustrated with
examples. The other course was run
by Valerio Melani (Italy) and Pavel
Safronov (USA). It was about basic
notions and more advanced geometric
applications of shifted symplectic and
Poisson geometry. The presenters
carefully explained how to pass from
ordinary symplectic and Poisson
geometry to the more advanced
counterparts on derived algebraic
stacks, which problems the classical
approach encounters and how to
overcome them.

The individual reports on the
current research of the speakers can
be roughly divided into two categories:
formal aspects of the deformation
theory and geometric applications.

Among the reports in the first
category were talks by Isamu Iwanari
(Tohoku) on operadic interpretation
of deformation of DG categories
inspired by Quantum Field Theory,
by Agnieszka Bodzenta (Poland)
on categorification of deformation

theory via abelian envelopes of exact
categories, by Andrew MacPherson
(Kavli IPMU) on infinity-category
interpretation of correspondences
that also stems from 2-dimensional
QFT, and by Michel Van den Bergh on
triangulated categories that do not
have DG enhancement.

The talks on various interrelated
geometric applications included the
one by Yukinobu Toda (Kavli IPMU) on
applications of the derived geometry
to Birational Geometry, by Mauro
Porta (France) on applications to
Analytic Geometry, by Yanki Lekili
(UK) and Sheel Ganatra (USA) on
applications to symplectic geometry,
by Atsushi Takahashi (Osaka) and Hao
Wen (China) on noncommutative
Hodge theoretic aspects of the theory,
by Marco Robalo (France) on motivic
vanishing cycles, by Shinnosuke
Okawa (Osaka) on noncommutative
deformations of Del Pezzo surfaces,
and by Ludmil Katzarkov (Russia, USA)
on categorical curve complexes.

The workshop also included a
student session, where advanced
PhD students from Russia and the
USA gave 30-minute reports on their
research related to the subject of the
workshop.
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Workshop Report

Stellar Archaeology as a Time Machine

to the First Stars

Tilman Hartwig

Assistant Professor, Department of Physics, School of Science, The University of Tokyo, and Kavli IPMU Associate Scientist

Miho Ishigaki

Kavli IPMU Postdoctoral Fellow

Naoki Yoshida

Kavli IPMU Principal Investigator

We have hosted an international
conference “Stellar Archaeology as a
Time Machine to the First Stars” for 5
days from December 3rd to December
7th. More than 90 researchers from
5 continents participated in the
conference. The speakers were young
scientists as well as well-respected
professors, who presented their recent
studies on Galactic archeology and the
formation of first stars and galaxies.
Nineteen posters were also displayed
at the venue, where the participants
discussed the results, exchanged
ideas for further studies, and initiated
collaboration.

The main science sessions focused
on cutting-edge research topics such
as the formation of the first stars,
observation of metal-poor stars, and
Galactic chemical evolution. Recent
highlights from the GAIA mission
and Subaru observations were
introduced. We enjoyed exhaustive
overviews on the recent progress in
Galactic archeology and related fields.
Updates on a variety of metal-poor
stars discovered by large sky surveys
allow to further test our theoretical
models and to optimise upcoming
observations.

22

The conference highlights include
new calculations of the evolution of
massive stars and the nucleosynthetic
signatures, three-dimensional
simulations of early chemical
enrichment of the interstellar medium,
and also results from spectroscopic
determination of r-process element
abundances in metal-poor stars. For
the latter, the participants discussed
the importance of binary neutron star
mergers, of which the gravitational
wave emission was recently detected.
Moreover, new hints from theory and
observation suggest that the direct
descendants of the first stars are not
necessarily extremely metal-poor, as
previously claimed, but can also be
found at moderate metallicities.

On the evening of the second day,
we organised a public outreach event
for high school students. (See also
page 25.) We started with a scientific
introduction by two IPMU scientists.
Then, 13 scientists who came to Japan
for the conference presented their
research in short presentations. The
audience, 40 high school students
and further guests, had to find the
one fake presentation amongst the
13 presentations and a majority

succeeded to identify it correctly.

In a subsequent quiz, we tested

the astronomy knowledge of the
audience and awarded the winning
team. Afterwards, the high school
students seized the opportunity to
chat with scientists and ask them all
their questions about the Universe.
Also, on the afternoon of the third
day, the conference participants were
able to experience Japanese culture by
participating in laido, a Tea Ceremony,
or Japanese Drums.

Galactic archeology is one of the
major scientific goals of Subaru
Telescope’s next-generation multi-
object spectrograph, PFS. The
systematic spectroscopic observation
of metal-poor stars by PFS is expected
to bring many breakthroughs for
the galactic archeology community
together with kinematic data of
Galactic stars, supplementing the
recent GAIA release. There are great
expectations from the participants
of this conference, and research on
theoretical models and follow-up
observations is proposed based on
upcoming results from PFS.




Kavli IPMU Director Hitoshi
Murayama Steps Down, Hirosi
Ooguri Takes Over Directorship

IPMU’s founding director Hitoshi
Murayama stepped down on October
15, 2018 after 11 years of service
(during which IPMU was renamed
Kavli IPMU), and Caltech Professor
Hirosi Ooguri has been appointed
as the new Kavli IPMU Director. He
is one of the founding members of
the IPMU, and has been serving as an
IPMU and then Kavli IPMU Principal
Investigator. Director Ooguri will
also serve as a Professor at Caltech.
Hitoshi Murayama will remain at the
Kavli IPMU as a Principal Investigator
while serving as a Professor at UC
Berkeley.

American Physical Society’s 2019

Hans A. Bethe Prize Goes to

Ken'ichi Nomoto

Ken'’ichi Nomoto,

a Kavli IPMU Senior
Scientist, has been
awarded the 2019 Hans
A. Bethe Prize, which
was announced by the
American Physical
Society on October 23, 2018. This
award recognizes outstanding work
in theory, experiment, or observation
in the areas of astrophysics, nuclear
physics, nuclear astrophysics, or
closely related fields. The prize,

Ken'ichi Nomoto

consisting of $10,000 and a
certificate, is presented annually.
The 2019 Selection Committee
awarded Professor Nomoto with
this year’s award for his “lasting
contributions to our understanding
of the nuclear astrophysics of the
universe, including stellar evolution,
the synthesis of new elements,
the theory of core-collapse and
thermonuclear supernovae, and
gamma-ray bursts.” An award
ceremony will be held during the
American Physical Society April 2019
Meeting in Denver, Colorado.

Kavli IPMU Staff Commended

at 2018 Business Transformation
Awards for Their Smart Tech

For their efforts in helping new
international researchers and visitors
navigate their way to the Kavli IPMU
on their own, a team of Kavli IPMU
administrative staff led by Project
Specialist Rieko Tamura has been
recognized by this year’s University
of Tokyo Business Transformation
Awards. These awards are given out
every year to recognize administrative
staff and individual departments that
have made a significant contribution
to reforming the university.
Tamura’s team received this

year’s Special Prize for their work

in developing and running a
smartphone app, which provides step

by step information in English about
how to take public transport from the
international airport, how to find and
take the free shuttle bus to Kashiwa
campus from the train station, and
maps that show where individual
researchers’ offices are. It also serves
all existing researchers at Kavli IPMU
by becoming an information hub on
seminars of the day, who was visiting
that day, and where to find certain
administrative staff members.

Kavli IPMU team receives a certificate from University of
Tokyo Executive Vice President Tomoka Satomi.

An awards ceremony was held
at the Yasuda Auditorium on the
University of Tokyo’s Hongo campus
on December 19, 2018. Nine groups
including the Kavli IPMU team were
commended by the University of
Tokyo President Makoto Gonokami or
by Executive Vice President Tomoka
Satomi.

Open Campus Kashiwa 2018

As usual, the University of Tokyo’s
Kashiwa campus held an open
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campus for two days on the last
Friday and Saturday of October
(October 26 and 27 this year). In
addition to the activities specific to
Kavli IPMU, its Principal Investigator
Yasunori Nomura gave a campus-
wide special public lecture, entitles
“Are there many universes?” at

the FS Hall in the Graduate School
of Frontier Sciences’ Environmental
Studies Building on the second

day. This was because Kavli IPMU,
together with the Institute for Cosmic
Ray Research and the Information
Technology Center, took charge of
the Special Lectures this year. This
campus-wide activity, consisting of
three special public lectures given by
lecturers nominated from each of
the three institutes which take turns
being in charge, is held on Saturday.
This year, the special public lectures
were also seen at the Kavli IPMU
lecture hall through live streaming
video.

PI Nomura’s special public lecture as seen at the Kavli
IPMU’s lecture hall.

The activities specfic to Kavli
IPMU, presented at the Kavli IPMU
lecture hall, were the following: PI
Toshitake Kohno's public lecture
entitled “Using Mathematics to
Analyze the Shape of the Universe”
and a video presentation of the
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latter part of an NHK BS Premium
satellite TV service program COSMIC
FRONTYYNEXT “Hitoshi Murayama’s
Great Adventures in the Universe:

Is there an End?” on the first day,
and a dialogue between Kavli IPMU
postdoctoral fellows Akishi lkeda and
Michihisa Takeuchi, entitled “Science
Onsen: MathematicsxPhysics,” on the
second day. (What is Science Onsen?
Please see Kavli IPMU News No. 28,
December 2014, p. 33.)

PI Toshitake Kohno, giving a lecture

Kavli IPMU also presented two-
day activities as usual. In addition,
the following new activities were
presented: “Peek inside Laboratory
B!" (the doors to Laboratory B were
open to the public; both days),
“Make your own bookmark!”

(using Kavli IPMU images of the
universe to create bookmarks; on
Oct. 26), “Bubbles and Mathematics
Workshop” (speaker: Tsinghua
University Assistant Professor (former
Kavli IPMU Postdoctoral Fellow) Will
Donovan; on Oct. 27), and “Listen to
the Cosmic Microwave Background”
(musician Akihiko Matsumoto

has composed a piece based on
Cosmic Microwave Background data
provided by Kavli IPMU researchers;
both days).
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Over the two days, a total of
11,000 people visited the campus.
The Kavli IPMU attracted more than
2,900 people.

Kavli IPMU and ICRR Host 19th
Joint Public Lecture

On November 11, 2018, the
Nineteenth Kavli LPMU-ICRR
(Institute for Cosmic Ray Research)
Joint Public Lecture was held at the
Yasuda Auditorium on the University
of Tokyo’s Hongo campus with
an audience of about 280 people
including high school and junior
high school students.

The first lecture entitled
“Accelerator Experiments and the
High-Energy Universe Are Related
Through Hadron Reactions” was
given by Takashi Sako, an ICRR
Associate Professor, and the second
lecture entitled “Superstring Theory
as Mathematical Physics” was given
by Yutaka Yoshida, a Kavli IPMU
Assistant Professor. The two lecturers
then had a discussion on the topic
of “Particles, Celestial Events, or
the World of Mathematics” on the
stage. They answered questions
from each other, as well as some
selected written questions from the
audience.

L

Yutaka Yoshida (left)
the stage.




3rd “Actually | Really Love
Physics! —Career Paths of Female
Physics Graduates” Event
On November 17,2018, the

University of Tokyo’s Kavli IPMU,
Institute for Solid State Physics, and
Institute for Cosmic Ray Research
jointly hosted the 3rd “Actually |
Really Love Physics! —Career Paths
of Female Physics Graduates” event
at the Kavli IPMU, and there were
13 participants. Four speakers from
companies and research institutes
including Kavli IPMU Postdoctoral
Fellow Tomoko Morii spoke on their
careers. Between the talks, there
was a tour of host institutes and a
gathering at the Kavli IPMU’s Fujiwara
Hall. A friendly atmosphere with

tea and cookies served encouraged
the participants to actively ask the
speakers questions and facilitated
interaction among the participants.

Gathering at the Kavli IPMU’s Fujiwara Hall.

“Meet the Scientists!” Event
for High School and University
Students

On December 4, 2018, Kavli
IPMU hosted an event “Meet
the Scientists!” at the Media
Hall in the University of Tokyo’s
Kashiwa Library. This event aimed
at the interaction of high school
and university students with

young researchers. In addition
to Kavli IPMU researchers, many
young researchers attending an
international conference “Stellar
Archaeology as a Time Machine to
the First Stars” (held at Kavli IPMU
from December 3 to December 7;
see page 22) joined in this event.
The event was opened with a
lecture entitled “Time Travel from
the Beginning of Our Universe to
the Milky Way Galaxy: Introduction
to Stellar Archaeology” given by
IPMU Postdoctoral Fellows Miho
Ishigaki (in Japanese) and Shing-
Chi Leung (in English). Thirteen
young researchers from various
countries then presented their
research on the frontiers of
cosmology and astronomy in short
presentations. However, one of
them was not telling the truth and
the audience was asked to find it.
Subsequently a mix of researchers
and audience was divided into
teams and a quiz to test the
astronomical knowledge of the
audience (asking researchers for
hints to answer questions) in team
matches was held. Afterward,
high school students took the
opportunity to chat with scientists,
and some students received advice
for their future path.

Quiz contest in team matches.

7th WPI Science Symposium

On December 27,2018, the
7th WPI Science Symposium
“Transformative Science” was
held at Nagoya University’s Toyoda
Auditorium in Nagoya, and attracted
about 900 people. This Symposium
has been held every year to convey
leading-edge scientific research
activities and their features, in
particular, to high school students
who will lead the next generation.
This year, Nagoya University’s
Institute of Transformative Bio-
Molecules (ITbM) hosted the
Symposium. The Kavli IPMU jointly
ran a booth with other 12 WPI
centers and participated in a one-
minute presentation to the audience.
At the Kavli IPMU booth, Nagoya
University Professor and Kavli
IPMU Principal Investigator Naoshi
Sugiyama explained Kavli IPMU’s
research activities to high school
students.

PI Naoshi Sugiyama explaining Kavli IPMU’s research
activities.

Kavli IPMU Seminars

1. “New life in quadratic theories of
gravity”
Speaker: Raquel Santos Garcia
(UAM)
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Date: Jul 18,2018

“Correlated Gravitational-
wave and Neutrino Signal from
Accretion-Induced Collapse of
White Dwarfs”

Speaker: Shuai Zha (U Hong
Kong)

Date: Jul 19, 2018

. “Affine Beilinson-Bernstein at the

critical level for GL2"

Speaker: Sam Raskin (U Texas at
Austin)

Date: Jul 19,2018

“Decoupling New Physics: The
Standard Model EFT framework
and Cosmological Relaxation
models”

Speaker: Tevong You

(U Cambridge)

Date: Jul 19, 2018

“Stellar rejuvenation and seed
black hole mergers in AGN disks”
Speaker: Doug Lin (UCSC)

Date: Jul 30,2018
“Self-Interacting Dark Matter”
Speaker: Hai-Bo Yu (UC Riverside)
Date: Aug 01, 2018

“Coulomb branches, shifted
guantum algebras and modified
g-Toda systems”

Speaker: Oleksandr Tsymbaliuk
(Yale U)

Date: Aug 07, 2018
“Homological characterization of
quasi-hereditary algebras”
Speaker: Agnieszka Bodzenta

(U Warsaw)

Date: Aug 07,2018

“Stellar hints for axion hunters”
Speaker: Ken'ichi Saikawa (Max-
Planck Inst)

Date: Aug 08, 2018

10.

11.

13.

14.

15.

16.

17

19.

“Quantlzing Deformation Theory”
Speaker: Alexander Voronov

(U Minnesota)

Date: Aug 09, 2018

“Speed Limits for Gravity”
Speaker: Scott Melville (Imperial
College London)

Date: Aug 22,2018

. “A quantum refinement of

equivariant cohomology”
Speaker: Pedram Hekmati

(U Auckland)

Date: Aug 28,2018

“Galactic Dynamics with Gaia
DR2"

Speaker: Daisuke Kawata (Univ
College London)

Date: Aug 29, 2018

“OPE inversion and large spin
perturbation theory”

Speaker: Carlos Cardona (Niels
Bohr Inst)

Date: Sep 10, 2018

“RG interfaces”

Speaker: Cornelius Schmidt-
Colinet (LMU)

Date: Sep 11, 2018
“Super-instanton counting”
Speaker: Taro Kimura (Keio U)
Date: Sep 11, 2018

. “The one-loop matter bispectrum

as a probe of gravity and dark
energy”

Speaker: Ben Bose (ICG,

U Portsmouth)

Date: Sep 12,2018

. “Secrets of PRL"

Speaker: Robert Garisto (American
Physical Society)

Date: Sep 12,2018

“Hot gas outflows in the Milky
Way Galaxy”
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20.

21.

22.

23.

24.

25.

26.

27.

Speaker: Shinya Nakashima
(RIKEN)

Date: Sep 13,2018
“Gravitational waves as a probe
of fundamental physics”
Speaker: Cyril Lagger (U Sydney)
Date: Sep 13,2018

“Liouville conformal field theory
and the DOZZ formula”
Speaker: Vincent Vargas (ENS)
Date: Sep 14, 2018

“The first quasars in the early
universe”

Speaker: Chris Done (U Durham)
Date: Sep 14, 2018

“A formula for the motive of the
moduli stack of vector bundles on
acurve”

Speaker: Victoria Hoskins (Freie
Universitat Berlin)

Date: Sep 18,2018

“Geometry of isomonodromy
deformations”

Speaker: Yasuhiko Yamada
(Kobe U)

Date: Sep 20, 2018

“Zero Dimensional Donaldson-
Thomas Invariants of Calabi-Yau
4-folds”

Speaker: Yalong Cao

(U Oxford)

Date: Sep 20, 2018

“Open intersection numbers,
matrix model, and W-constraints”
Speaker: Alexander Alexandrov
(IBS Korea)

Date: Sep 25, 2018

“Clues in the small-scale mass
distribution of the dark matter
probed by gravitational lensing”
Speaker: Jordi Miralda Escude
(Universitat de Barcelona)



28.

29.

30.

31.

32.

33.

34.

35.

36.

Date: Sep 25, 2018

“The Noether-Lefschetz problem
for normal threefolds”

Speaker: Ugo Bruzzo (SISSA)
Date: Sep 25, 2018

“Connecting the Dark and Light
Side of Galaxy Formation”
Speaker: Piero Madau (UC Santa
Cruz)

Date: Sep 26, 2018

“How Long do Quasars Shine?”
Speaker: Joe Hennawi (UCSB)
Date: Sep 27,2018

“Discrete 't Hooft anomaly of
QCD and constraints on chiral
symmetry breaking”

Speaker: Yuya Tanizaki (RIKEN
BNL)

Date: Oct 02, 2018

“The constraint of void bias on
primordial non-Gaussianity”
Speaker: Kwan Chuen Chan (Sun
Yat-Sen U)

Date: Oct 03, 2018

“Hunting for high-redshift (z > 6)
quasars with Subaru Hyper
Suprime-Cam”

Speaker: Yoshiki Matsuoka
(Ehime U)

Date: Oct 04, 2018

“Stringy nonlocality and black
hole horizons”

Speaker: Matthew Dodelson
(Kavli IPMU)

Date: Oct 09, 2018

“dark photon: collider, EDM and
masslessness”

Speaker: Gang Li (National
Taiwan U)

Date: Oct 10, 2018

“Cosmology from cosmic shear
power spectra with Subaru Hyper

37.

38.

39.

40.

41.

42.

43.

44.

Suprime-Cam first-year data”
Speaker: Chiaki Hikage (Kavli
IPMU)

Date: Oct 11, 2018

“Continuum limit of fishnet
graphs and AdS sigma model”
Speaker: Benjamin Basso (LPTENS)
Date: Oct 16, 2018

“Higgs mass, strong CP problem
and Unification”

Speaker: Keisuke Harigaya (IAS)
Date: Oct 17,2018

“Weyl group action on weight
zero MV basis and equivariant
multiplicities”

Speaker: Dinakar Muthiah (Kavli
IPMU)

Date: Oct 18, 2018
“Cohomological Hall algebras
associated to Riemann surfaces”
Speaker: Olivier Schiffmann
(Universite de Paris-Sud Paris-
Saclay)

Date: Oct 18, 2018

“On dimensional reduction of 4d
N=1 Lagrangians for Argyres-
Douglas theories”

Speaker: Prarit Agarwal (Seoul
National U)

Date: Oct 23, 2018

“Towards Scale invariant theory of
gravity”

Speaker: Anupam Mazumdar
(U Groningen)

Date: Oct 25, 2018

“Probing the sterile neutrino
portal to Dark Matter with y rays”
Speaker: Miguel Garcia Folgado
(Valencia U)

Date: Oct 26, 2018

“What's new in G2?!”

Speaker: Andreas Braun

45.

46.

47.

48.

49.

50.

51.

52.

(U Oxford)

Date: Oct 30, 2018
“Classification of topological
twists of super-Poincare algebras”
Speaker: Richard Eager

Date: Oct 30, 2018

“Looking for Dark Matter

with atomic clocks and
magnetometers”

Speaker: Rodrigo Alonso (Kavli
IPMU)

Date: Oct 31,2018

“The properties of extremely red
quasars observed during the
epoch of peak galaxy formation”
Speaker: Andy Goulding
(Princeton U)

Date: Nov 01, 2018

“Increasing the complexity of free
particle motion by breaking its
mechanical nature”

Speaker: Boris Hasselblatt

(Tufts U)

Date: Nov 01, 2018

“Weak Gravity Conjecture from
Unitarity and Causality”
Speaker: Toshifumi Noumi
(Kobe U)

Date: Nov 06, 2018

“New Venues in Formation and
Detection of Primordial Black
Hole Dark Matter”

Speaker: Volodymyr Takhistov
(UCLA)

Date: Nov 07, 2018

“2d extremal correlator in

N=(2, 2) SCFT"

Speaker: Jin Chen (CAS)

Date: Nov 08, 2018

“Exploring the Dusty and Dynamic
Infrared Sky with Spitzer, JWST,
and Beyond”
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53.

54.

55.

56.

57.

58.

59.

60.

28

Speaker: Ryan Lau (JAXA/Caltech)
Date: Nov 08, 2018
“Demazure-Lusztig operators,
Whittaker functions and crystals”
Speaker: Anna Puskas

(Kavli IPMU)

Date: Nov 08, 2018

“Searching for the first non-
Gravitational Signal of Dark
Matter in the Galactic Center”
Speaker: Oscar Macias (Kavli
IPMU & GRAPPA)

Date: Nov 09, 2018

“Galaxy Clusters: A Standard
Cannon for Cosmology”
Speaker: Chris Miller (U Michigan)
Date: Nov 12,2018

“Novel signature of Type Il Seesaw
model at the LHC”

Speaker: Dilip Ghosh (Indian
Association for the Cultivation of
Science)

Date: Nov 12,2018

“On the generalised Dubrovin’s
conjecture for Grassmannians”
Speaker: Anton Fonarev (HSE
Moscow)

Date: Nov 13,2018

“Singularity theorems and

the stablity of compact extra
dimensions”

Speaker: Jose M. M. Senovilla

(U of the Basque Country, Bilbao)
Date: Nov 14, 2018

“Searching for Dark Matter with
X-ray lines”

Speaker: Kenny Ng (Weizmann
Inst of Science)

Date: Nov 14, 2018

“Modular Symmetry in flavors”
Speaker: Morimitsu Tanimoto
(Niigata U)

61.

62.

63.

64.

65.

66.

67.

68.

Date: Nov 15,2018
“Cosmology with DES lensing
beyond the power spectrum”
Speaker: Daniel Gruen
(Stanford U)

Date: Nov 15,2018

“Virtual classes in analytic
geometry”

Speaker: Mauro Porta

(U Strasbourg)

Date: Nov 15, 2018
“Understanding AGN evolution
with large (X-ray) surveys: current
constraints and prospects for
eROSITA”

Speaker: Andrea Merloni (MPE,
Garching)

Date: Nov 19, 2018
“Categorified non-commutative
deformations and abelian hulls”
Speaker: Agnieszka Bodzenta
(U Warsaw)

Date: Nov 21, 2018

“Birational geometry of symplectic
quotient singularities”

Speaker: Alastair Craw (U Bath)
Date: Nov 21, 2018
“Fundamental physics studies
with high energy missions”
Speaker: Andrea Santangelo

(U Tuebingen)

Date: Nov 22, 2018

“Type la supernova progenitor
issue: recent progress and future
prospect”

Speaker: Hiroya Yamaguchi
(ISAS/JAXA)

Date: Nov 27, 2018

“Moduli of Heterotic String
Compactifications and Effective
Actions”

Speaker: Eirik Eik Svanes
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69.

70.

71.

72.

73.

74.

75.

(ICTP Trieste)

Date: Nov 27,2018
“Magnificent Four with colors”
Speaker: Nicold Piazzalunga
(Stonybrook U)

Date: Nov 27,2018

“How the Planck satellite helped
decode the role of Planck’s
guantum in the emergence of our
Universe from the Planck-mass
era’

Speaker: Richard Bond (CITA,

U Toronto)

Date: Nov 28, 2018
“Astrophysical systematics to
weak lensing: challenges and
opportunities”

Speaker: Elisa Chisari (U Oxford)
Date: Nov 29, 2018

“The Kinematics of Inflation,
Preheating and Heating: a
Playground for Kolmogorov-Sinai
and Shannon Entropies”
Speaker: Richard Bond (CITA,

U Toronto)

Date: Nov 29, 2018

“Where are the SUSY Higgs
Bosons?”

Speaker: Sven Heinemeyer (IFT/
IFCA (CSIC), Madrid/Santander)
Date: Dec 03,2018

“Physics Beyond Colliders -
Exploring Physics Beyond the
Standard Model”

Speaker: Joerg Jaeckel
(Heidelberg U)

Date: Dec 03, 2018

“Space Probes of the Highest
Energy Particles: POEMMA &
EUSO-SPB”

Speaker: Angela Olinto

(U Chicago)



76.

77.

78.

79.

80.

81.

82.

83.

8.

Date: Dec 03,2018

“On Lorentz-invariant massive
spin-2 theories”

Speaker: Atsushi Naruko
(Tohoku U)

Date: Dec 03,2018

“Warped Black Holes in Lower-
Spin Gravity”

Speaker: Max Riegler (Université
libre de Bruxelles)

Date: Dec 04, 2018

“21-cm cosmology after 2021”
Speaker: Anze Slosar (BNL)
Date: Dec 05, 2018

“The origin of the electroweak
symmetry breaking”

Speaker: Jing Shu (Inst Theoretical
Physics, Chinese Academy of
Sciences)

Date: Dec 06, 2018
“Hamiltonian truncation and the
S3 partition function”
Speaker: Matthijs Hogervorst
(Perimeter Inst)

Date: Dec 11,2018

“Dual exponentials and their
quantization”

Speaker: Andrea Appel

(U Edinburgh)

Date: Dec 11, 2018

“Sbottoms as probes to MSSM
with nonholomorphic soft
interactions”

Speaker: Samadrita Mukherjee
(Indian Association for the
Cultivation of Science)

Date: Dec 12, 2018
“Dispatches from the sub-GeV
Dark Matter Frontier”

Speaker: Tien-tien Yu (U Oregon)
Date: Dec 14,2018
“Unification of integrability in

supersymmetric gauge theories”
Speaker: Junya Yagi (Perimeter
Inst)
Date: Dec 18,2018

85. “Path integrals, finite temperature,
and lattices”
Speaker: David McGady (NBIA)
Date: Dec 18,2018

86. “Predicting proton decays from
low energy SUSY spectrum”
Speaker: Kazuki Sakurai
(Warsaw U)
Date: Dec 26, 2018

87. “Symmetric gauge theories
and Lieb-Schultz-Mattis-type
constraints”
Speaker: Xu Yang (Boston
College)
Date: Dec 27,2018

Personnel Changes

The following people left the Kavli
IPMU to work at other institutes.
Their time at the Kavli IPMU is shown
in square brackets.

Kavli IPMU Assistant Professor
Takahiro Nishimichi [April 1,

2010 — March 31,2013 as a JSPS
postdoctoral fellow, April 1, 2015 —
December 31, 2018 as a Kavli IPMU
Assistant Professor] moved to Yukawa
Institute for Theoretical Physics, Kyoto
University as an Associate Professor.

Kavli IPMU postdoctoral fellow
Atsushi Shimono [September 1, 2011
—July 31,2015 as a Project Academic
Support Specialist, then — October 31,
2018 as a Kavli IPMU postdoctoral
fellow] moved to Graduate School
of Media and Governance, Keio
University as a Project Assistant

Professor

Kavli IPMU postdoctoral fellow
Jin Mann Wong [October 1,2017 -
October 11, 2018] moved to Fetch.Al
as a Research Scientist.

JSPS postdoctoral fellow Tilman
Hartwig [October 21, 2017 -
November 30, 2018] moved to
School of Science, The University of
Tokyo as an Assistant Professor.
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Multi-Messenger Astronomy

Nozomu Tominaga

Professor, Graduate School of Natural Science, Konan University
and Kavli IPMU Visiting Senior Scientist

Astronomy has developed since ancient times with optical observations in which
visible light is used as a messenger from astronomical objects. From the 20th century,
the development of new instruments enabled observations with other electro-
magnetic waves like radio, infrared, ultraviolet, X-rays, and gamma-rays. This clarified
new aspects of astronomical objects and expanded human knowledge. Recently,
astronomy with other messengers like cosmic rays, neutrinos, or gravitational waves
other than electro-magnetic waves is also being developed. Multi-messenger
astronomy is the astronomy that derives the information from a combination of these
multiple messengers from astronomical objects.

Kavli IPMU News No. 44 December 2018
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Flavor Physics Workshop 2018
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Stellar Archaeology as a Time Machine to the
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