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Director’s Corner

Director of Kavli IPMU

Hitoshi Murayama at Work Hitoshi Murayama

October 16: Kavli IPMU Chamber Orchestra and 4 members of the University of Tokyo
Orchestra. They played Beethoven's' Ode to Joy” and Johann Strauss Sr.’s" Radetzky
March” at the ceremony for the Kavli IPMU 10th anniversary. Director Murayama
played the double bass (see pp. 20 - 23).

October 10: Award ceremony for the University of Tokyo Shokumon
Award (see p. 35). Front row: (center) President of the University of

Tokyo Makoto Gonokami, (2nd from the left) Hamamatsu Photonics KK.
President and CEO Akira Hiruma. Back row: Director Murayama and other
Kavli IPMU people. (Credit: The University of Tokyo.)

October 30: Director Murayama introduced the University of Tokyo's Institute
for Cosmic Ray Research Director and Kavli IPMU Principal Investigator Takaaki
Kajita at the 2017 CSJ (Center for Japanese Studies, UC Berkeley)-JSPS (Japan
Society for the Promotion of Science) International Symposium held at the
International House Berkeley, where Professor Kajita was honored with the
October 18: Kavli IPMU External Advisory Committee listen to Director 2017-2018 Berkeley Japan Prize (see p. 35). (Credit: JSPS San Francisco Of [c8)
Murayama'’s overview presentation (see p. 34).

Director’s

B [T H Corner

December 15: Award ceremony for the 2017 President’s Awards
November 7: Physics World interviews Director Murayama. (http://blog. for Business Transformation, held at the Yasuda Auditorium on
physicsworld.com/2017/11/07/a-decade-of-success/). Hongo campus (see p. 35).



Message

Addresses given
at the Ceremony
for the Kavli IPMU
10th Anniversary

Makoto Gonokami

President of the University of Tokyo

Good afternoon, distinguished
guests, Ladies and Gentlemen.

On behalf of the University of
Tokyo, the host institute of the
Kavli IPMU, | would like to say a few
words.

First of all, | am very happy
to attend this 10th anniversary
celebration of the Kavli IPMU. | would
like to thank everyone who have
come to join us in these celebrations.

When IPMU was proposed as
a WPI in 2006, | was in a special
position to support President
Komiyama and | learned about the
plan from Professor Murayama.
There were two major goals: One
was to solve the mystery of the
universe. The other was to introduce
a truly international environment in
our university. The proposal was very
exciting, but, to be honest, | thought
the goals were too ambitious.

| am a physicist too. So, | know it is
almost impossible for basic research
to produce major results according
to a [xdd plan in a limited period.
| also thought that creating a truly
international environment was not

easy.

In 2007, | was invited to be a
member of IPMU’s External Advisory
Committee. And, in April 2015,
| took of [cd as President of the
University of Tokyo. Through these
years, | have watched IPMU become
a truly international institute. | am
very impressed by how the Kavli
IPMU managed to achieve so much.
It has recruited top-level scientists
from around the world. Half of its
members are international. And,
thanks to the Kavli Foundation,
it attracted a major international
donation. It became the [rst Kavli
institute in Japan.

As President, | would like to
praise their effort to build a truly
international research institute that is
highly competitive in the world.

Now, it has achieved international
recognition as a top-class research
institute. In its 10 years of history,
more than 60% of the papers
published by Kavli IPMU researchers
were based on international
collaborations. Every year, more than
600 people apply for jobs at Kavli
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IPMU, and about 500 international
visitors come here. More than
40% of its past postdocs are on
faculty positions in many institutes
around the world. In terms of
highly cited papers, it competes
well with world leading institutes,
such as the Institute for Advanced
Study in Princeton. This shows how
internationally competitive the Kavli
IPMU has become.

Indeed, it has had a great impact
on our University, in terms of
not only academic activity, but
also strengthening our research
environment. We gave special
treatment to the Kavli IPMU to
encourage them to introduce system
reforms to become more competitive.
Many of the new systems that the
Kavli IPMU introduced have now
become a part of our University-wide
systems.

| really appreciate Professor
Murayama for his great effort in
achieving all of this. When | met
Professor Murayama in 2006, | was
struck by his vision and his energy.
He was very young. He was 42.



And he was different from other
people. He had a charisma that
made people take a second look. He
attracted many young and excellent
researchers. He was very persuasive.
He was able to introduce new
systems to make our University even
stronger. People admired his public
lectures very much. He brought in
huge support from the public.

The Kavli IPMU truly made a
difference, and | am convinced that
it will continue to do so in the future.
As President of the University, | will
do everything | can to support the
Kavli IPMU.

Last year, we were very pleased
that the MEXT approved a [vd-year
extension of the funding for the Kavli
IPMU. Last month, we were also very
excited to learn that MEXT accepted
our new WPI proposal to launch the
International Research Center for
Neurointelligence (IRCN). IRCN sets
an ambitious goal of understanding
human intelligence. The team
will include our world-leading
researchers from medicine, biology
and Al. Importantly, we also aim to

combine it with the humanities and
social sciences, and this will make
IRCN truly unique. IRCN will cover a
broad range of academic disciplines.
In the application process, | also gave
a presentation at the panel hearing.
| emphasized that the Kavli IPMU is
a great success and we can use their
knowhow to quickly establish the
IRCN. And | felt that this was very
persuasive. | hope that there will

be active academic collaboration
between the Kavli IPMU and IRCN.

| also | hope that the two institutes
will work closely together to drive
the internationalization of the whole
of the University of Tokyo.

The University of Tokyo’s mission
is to contribute to humanity by
creating new value through excellent
research and education. Basic science
is the foundation of the value that
we create. | am pleased that the Kavli
IPMU has become a world-leading
research institute.

We have many things to learn
from its success. | believe that by
using these experiences, we can
further strengthen the research and

education of the University of Tokyo.

Thank you, and congratulations
again on the 10th anniversary of the
Kavli IPMU!

Message



Masashi Takigawa

Director, Institute for Solid State Physics; representing the

Kashiwa Campus

Professor Murayama, distinguished
researchers of the Kavli Institute for
the Physics and Mathematics of the
Universe, ladies and gentlemen, on
behalf of the Kashiwa campus of the
University of Tokyo, | would like to
express my hearty congratulations on
the occasion of the 10th anniversary
of the Kavli IPMU.

The Kashiwa campus is one of
the three main campuses of the
University of Tokyo and is the
youngest one, which started in
2000. Since then, cutting edge
research in various [elds of science
has been actively pursued by
several research institutes, as well
as the Graduate School of Frontier
Sciences. Therefore, all of us were
very excited ten years ago when
IPMU was born in Kashiwa as a
World Premier International Research
Center designated by the Japanese
government. It is needless to say that
outstanding research of IPMU based
on the unique integration of Physics,
Mathematics and Astronomy to
solve fundamental problems of the
universe has enormously enhanced

the scienti [cHiversity and reputation
of the University and the Kashiwa
Campus. In addition, | would like
to emphasize that the researchers
of IPMU from all over the world
brought international atmosphere
and cultural diversity to the campus.
A large fraction of the researchers of
IPMU including external visitors are
from outside Japan. | appreciate that
their presence and interaction with
people of the campus has provided
rich and stimulating environment.
Let me also mention that our
institute ISSP, the Institute for Solid
State Physics located next to the
IPMU building, has been enjoying
very fruitful interaction with IPMU.
The target of our research, which
includes various novel materials
often with structures of nano-meter
scale, is very different from the
universe, the target of particle and

astrophysics. Nevertheless, both [elds

are based on common principles of
physics and it often happens that an
idea developed in one [eld turns out
to be very useful in the other [el.

In fact, IPMU and ISSP have hosted
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several workshops jointly in the past
and we saw some excellent papers
came out from cross-disciplinary
collaboration between IPMU and
ISSP. Such kind of collaboration is
truly fruitful and | hope it will be
stronger and more extensive in
future.

Once again, | would express my
sincere congratulations for the
remarkable scienti [c_hchievements of
IPMU in the last decade and wish all
the members of IPMU an even more
successful future. Thank you very
much for your attention.



Shing-Tung Yau

Professor, Harvard University

Good afternoon, leaders of the
University and the Government, ladies
and gentlemen, it’s a great honor
for me to be invited to give a short
speech in celebration of the 10th
anniversary of the Kavli IPMU Center.
The opening of this remarkable center
has afforded Japan a strong leadership
position in mathematics and physics,
both in Asia and throughout
the world. Historically, Japanese
mathematicians and physicists have
played fundamental roles in creating
new ideas and solving important
problems in both subjects. In fact,
starting from the great achievement
of Professor Takaaki and Yukawa,
about 100 years ago, we have seen
many Japanese scholars who has
opened up important research areas
that have remained in [uéntial up to
modern times.

To name a few such achievements,
let me cite some that | am familiar
with. Professor Ito, who was in the
University of Tokyo, conceived of
stochastic differential equations
that are being used in all areas in
applied mathematics and physics.

Kodaira and Hironaka created a
substantial part of modern algebraic
and complex geometry that has been
vital to modern geometry and its
interactions with physics. Sato and
his students created a whole new
[eld of hyperfunctions in micro-local
analysis that has led to spectacular
applications in statistical physics and
many [eftls in mathematics.

These are all grandmasters whose
names will be remembered in the
history of mathematics, following
the tradition of Gauss, Riemann,
Poincaré and Hodge and many
others. And these Japanese leaders,
in turn, are now being followed by
new generation of younger scholars,
many of whom are presently at this
center. In the last 50 years, we have
witnessed tremendously important
interactions between mathematics
and physics, which has contributed
greatly to our understanding of the
laws of the universe. The leaders of
this center have helped to create
many important branches of this part
of modern science. A number of them
have made critical contributions to

my own area of research including
Professor Saito and Professor Ooguri
whose tremendous originality has
continued to impress us over the past
30 or so years.

Now, in the 21st century, many
areas of science will need ideas from
other [ells, requiring interactions
of a deep fundamental nature. This
endeavor calls for scholars of many
different countries to come together.
The Kavli IPMU Center has been, and
will remain, a place where this coming
together of scientists and disciplines
can magically occur.

| congratulate the Japanese
Government for providing such
strong support for this center, and
the success of the center should
encourage further support from the
government and the private sector.
There certainly should be strong
support from Chinese and American
quarters as well, in appreciation of
the expansion of the knowledge that
has come from this great center of
contemporary thought. If | personally
can be of any help, | will do it. Thank
you very much.

Message



David J. Gross

Professor, University of California, Santa Barbara

It is a great pleasure to be back here
after 10 years, since the inauguration
of this institute 10 years ago. It
seems like yesterday. It is amazing
how much has been achieved in
such a short period of time. In the
beginning, this was the Institute for
the Physics and Mathematics of the
Universe, and shortly after, it became
the Kavli Institute for the Physics
and Mathematics of the Universe,
and in ten years, so much has been
accomplished.

| have advised many institutes of
this type that do fundamental science,
mostly physics, around the world: in
Brazil, in China, in Europe, and in the
United States. | often try to summarize
the advice that | give them by saying
that there are only three guidelines to
creating a great institute: excellence,
excellence and excellence. IPMU
followed that advice. IPMU has an
excellent plan, it has excellent people,
and it has excellent leadership. At IPMU,
they have created a uniquely broad
combination of people and institutions,
including many of the leading scientists
in Japan and from abroad, who probe
the secrets of the universe using the
language of science (mathematics),
centered around the queen of science
(physics), and with the oldest science of
all (astronomy), or, as it is now known,
as astrophysics and cosmology.

As the ex-director of a somewhat
similar institute of fundamental science,
the KITP, which almost 15 years ago
became the [rst Kavli institute, | was
very interested in the establishment of
this new institute. Although supportive,
and doing whatever | could to help,
| was somewhat skeptical. Can they
carry it off? Having given advice to
many places throughout the world, |
was aware that not all of them have
succeeded. It is not easy to create a
new institute. It is not easy to attract
excellent people from around the world
to come to a new institute. It is not
easy to get the funding to make long-
term investments, and to survive. | was
also curious as to what they would do.
Would they just copy what has been
done in other places, or would they
come up with some new ideas? | must
say that | have been impressed, beyond
my expectations, with the results that
have been achieved.

| am especially impressed with
many of the very new and innovative
initiatives undertaken under the
dynamic and creative leadership of the
founding director of the IPMU, Hitoshi
Murayama, and his colleagues. These
include building a vibrant research staff
of nearly 200 people, of which, | gather,
at least 30% are from outside Japan.
This would be unusual in any country,
and is especially unusual in Japan.
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They have made English the institute’s
of [Cidl language, and thereby created
a truly international institute, in a way
that | think is clearly a breakthrough
in Japan. Most importantly, they are
pursuing scienti [c breakthroughs with
this very broad and dynamic fusion

of different scienti [c_Hisciplines, and
also by motivating people, by creating
new interactions and joint research
programs, and by seizing upon
opportunities wherever they can. As
an ex-director, these achievements
impressed me greatly.

In my [eld of fundamental physics,
| can certainly attest that, in this very
short period of ten years, IPMU has
become one of the top research
institutes in the world and is widely
known as such.

So, in conclusion, | congratulate the
government of Japan, the WPI initiative
(which I think was a brilliant idea), the
Ministry of Education MEXT, Tokyo
University, the Kavli Foundation, and,
most of all, the leadership, the staff,
and the scientists at IPMU who have
created so much, in such a short time,
with enthusiasm and dedication. |
have no doubt that IPMU is here to
stay, and will continue to develop and
[ourish and contribute to Japan and to
science. | hope to be here for the 20th
anniversary. Thank you.



Yasunao Seki

Director-General, Research Promotion Bureau of Ministry of
Education, Culture, Sports, Science and Technology

Ladies and gentlemen, on behalf
of Ministry of Education, Culture,
Sports, Science and Technology,
| would like to extend my sincere
congratulations to the researchers
and staff of Kavli IPMU for the
institution’s 10th Anniversary. It is
my pleasure to offer a few words on
the occasion of the 10th Anniversary
Ceremony.

The WPI program aims to enhance
the level of science and technology
in Japan and to continuously trigger
innovation that serves as an engine
of the future growth, by establishing
world-class basic research centers
which attract top-notch researchers
from all over the world and form
the pivotal hubs for global brain
circulation”.

Founded in 2007, in the same year
as the WPI program was launched,
the Kavli IPMU of the University of
Tokyo constantly has achieved the
outstanding research results through
the interdisciplinary approach
between mathematics, physics and
astronomy while playing a major role
asd world premiere’ research center

in the global sphere of research. It
has also greatly contributed to the
success of the WPI program as a
leading model of the WPI center.

| believe it is due to the
considerable effort devoted by
Director Murayama, all researchers
and staff of the Kavli IPMU for
conducting vigorous research and
developing the [rst-rate research
environment for such a long period
of 10 years.

In addition, | think it was only
possible with the cooperation from
many, such as a substantial support
provided by the host institution, the
University of Tokyo, and the generous
supports offered by the stakeholders
including the Kavli Foundation.

| would like to express my respect
to all of you for your great efforts up
until now.

Following the past 10 years, the
Ministry of Education, Culture,
Sports, Science and Technology will
work hard to ensure that Kavli IPMU
will continue carrying out excellent
research activities and accelerate its
further development to be held in

high esteem globally.
In closing, | wish you all the best
for your future endeavors. Thank you.

Message



Hiroyasu Akiyama

Mayor of Kashiwa City

| would like to offer my congratula-
tions to the Kavli Institute for the
Physics and Mathematics of the
Universe as they celebrate their 10-years
anniversary.

The most important feature of
the Kavli IPMU is that physicists,
mathematicians, and astronomers can
work together on their research in the
same place. Because of this very unique
effort, the Kavli IPMU has earned a
high reputation worldwide. In addition
to being a source of pride among
our residents for being based here in
Kashiwanoha, the accomplishments
from the research have received great
acknowledgement, and been granted
an extension for their activities as a
World Premier International Research
Center Initiative (WPI) with the
Ministry of Education, Culture, Sports,
Science and Technology (MEXT).

Dr. Hitoshi Murayama, the director

of the Kavli Institute for the Physics

and Mathematics of the Universe,

the researchers and staff, as well as
everyone with the University of Tokyo,
all deserve our deepest respect for their
extraordinary work and the results of
their endeavors.

Our city is located about 30
kilometers from the heart of the Tokyo
Metropolitan Area, and has a population
of about 420,000 people. Kashiwa is a
key area for transportation, with two

10

national highways and expressways,
and three major railways JR Joban
Line, Tobu Urban Park Line, and the
Tsukuba Express Line all providing
access. This area is blessed with an
abundance of nature, and has been
developed as a bedroom community
to the metropolitan area. Among the
highlights of our city are the downtown
area around Kashiwa Station, with
commercial shops including major
department stores, and the large
commercial activity base that draws in
the younger generation. There is also
a rich natural water area around Tega
Lake, and a thriving urban agriculture
community has been developed, which
produces an abundance of fruits and
vegetables.

The development of the Kashiwanoha
area where the Kavli Institute for
the Physics and Mathematics of the
Universe is located, began in 2005
with the opening of the Tsukuba
Express railway. In just 12 years, the
area has seen an incredible amount of
development, not only with commercial
establishments, hospitals, and large
condominium complexes, but also as a
new city center which has accumulated
a number of scienti [CTesearch institutes
including the University of Tokyo and
Chiba University.

The Kashiwanoha Campus Area
in particular is moving towards the
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creation of an international scienti [
city. The development of the area
places a great importance on scienti [c]
research resources and activities, and
internationalization. The community-
building centers on the Kashiwanoha
International Campus Town Initiative,
which comprises six participants, Chiba
Prefecture, Kashiwa City, the University
of Tokyo, Chiba University, Mitsui
Fudosan Co. Ltd., and the Independent
Administrative Institution, the Urban
Renaissance Agency (UR). Based on
the principle of our Initiative; harmony
between university and town,” we hope
to realize the Initiative’s three pillars of
an Environmental-Symbiotic City, City
of Health and Longevity, and City of
New Industry Creation, through public,
private, and academic partnerships.

In particular, we hope to promote
advanced city planning utilizing the
state of the art knowledge from the
University of Tokyo.

The Kavli Institute for the Physics and
Mathematics of the Universe continues
to develop as a pioneer, clearing a path
through the [eltl of space research. |
would like to offer my congratulations,
and | hope that, with the cooperation
between the University of Tokyo and
Kashiwa City, the Kashiwanoha Campus
area continues to develop even more
asd pillar of knowledge on which the
world can depend.”



Akira Ukawa

Deputy Director, RIKEN Advanced Institute for Computational

Science; WPI Program Director

Ladies and gentlemen, distinguished

guests, Professor Murayama and all
members of Kavli IPMU.

It is my great pleasure to be here
as Director of the WPI Program, and
present a few words on the occasion
of the 10th Anniversary Symposium
of Kavli IPMU.

The WPI Program was launched
10 years ago in 2007. The Program
aims to create research centers
in Japan that are internationally
opened and globally visible. It was
strongly felt at the time that, science
in Japan, though already having
had distinguished history, was still
suffering from borders and barriers
hindering progress.

Accordingly, four missions were
set up for the research centers of
the WPI Program. First, of course,
is that Top Level Science should be
conducted. This does not simply
mean progress in already existing
disciplines but, more importantly,
breaking the barriers and borders of

disciplines and scienti [Ctommunities.

Hence the second mission of Fusion
Research. The third is Globalization
going beyond national borders,

and the fourth is the Reform of the
traditional Japanese research system
which is full of borders and barriers.

In the course of 10 years since the
start of the Program, 9 WPI centers
have been established. These 9
centers cover the frontiers of science
ranging from the Origin of the
Universe/Earth/Life to Materials/
Energy and Life Sciences.

Kavli IMPU is one of the [Tst 5
centers launched in 2007. It aims to
study the crucial questions of our
Universe by physics and mathematics,
and by theory, experiment, and
observation.

| am happy to say that the [rst
decade of Kavli IPMU has been an
impressive success in each of the
four missions of the WPI Program.
The top level of science, and
success in the fusion of physics and
mathematics, is apparent if one only
looks at the scienti [ program of
the 10" Anniversary Symposium and
appreciates the speakers and their
expertises. Physics and mathematics
have long been the areas where
the activities have transcended
national borders and continents.
Even so, the success of Kavli IPMU
to establish a truly international
research hub in Japan, far away
from both American and European
continents, is a remarkable feat.
Finally, by endeavoring to establish a

research environment that conforms
to the international standard, Kavli
IPMU has led the system reform of
University of Tokyo.

Needless to say, the strong
leadership of Hitoshi Murayama,
many top level scientists who
gathered at Kavli IPMU, and the
strong support of University of
Tokyo, have been instrumental in
bringing out this success. | would like
to express the highest appreciation
for their effort.

Now, Kavli IPMU has entered into
the second decade of its activity.

It is my sincere hope that Kavli
IPMU continues to develop further
by making further challenges in
the quest toward the origin of our
Universe.

Let me end by saying that, just as
Kavli IMPU, the WPI Program is also
developing. This year, two new WPI
Centers have been selected to start
their activity.

These are International Research
Center for Neurointelligence of
the University of Tokyo, and Nano
Life Science Institute of Kanazawa
University. It is my sincere wish that
Kavli IPMU continues to be the model
for WPI research centers in the years
to come. Thank you very much.

Message



Steven Kahn

Professor, Stanford University; Chair of the External Advisory

Committee for Kavli IPMU

Thank you very much for the
invitation to be part of this extremely
distinguished panel congratulating
KIPMU on the [rst 10 years of its
existence. Most of those of us who
have been on the External Advisory
Committee for this institution have
been with it for a number of years,
almost from the beginning. We have
witnessed the construction of this
building, the award from the Kavli
Foundation—the [rst major private
funding of an academic institution
in Japan, the creation of UTIAS, the
conferral of World Premier Status,
and, of course, the renewal of
funding for KIPMU programs over
many years.

We have also witnessed the growth
and evolution of Hitoshi Murayama
from a brilliant young particle physics
theorist to a brilliant academic
administrator, political strategist,
leader of large experimental
collaborations, expositor
extraordinaire to the general public
about fundamental science, and,
more recently’ ambassador” to the
United Nations on behalf of science

and extraterrestrial intelligence.”
We have also seen a large number
of outstanding young physicists,
astronomers, and mathematicians
come through KIPMU, and we
have followed their remarkable
achievements as they have
distributed themselves over a number
of distinguished sister institutions
around the world.

The uniqueness of KIPMU is
its breadth. In our last report, we
pointed out that there is no other
institution like this in the world,
which combines pure mathematics
with theoretical physics, experimental
physics and observational astronomy.
It is that combination that has made
it particularly interesting to serve on
this Committee. During our annual
visits, we have bene [fkd from
hearing in-depth presentations of the
signi [cdnce of new results from both
the scientists and mathematicians
here at KIPMU, and from our
colleagues among the Committee
members. For me personally, that
has been one of the most rewarding
elements of being part of this.
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As we have all seen, it has been
an absolutely remarkable decade
for this [eld. We witnessed the
discovery of the Higgs boson, the
increasing con [rohation of the
Concordance Model of Cosmology
that includes the mysteries of dark
energy, dark matter, and in [afion.
The unbelievable success of the
Standard Model of Particle Physics
in explaining a large number of
interactions at the B-factory at KEK,
as well as at SLAC, and more recently,
the [rst detection of gravitational
waves from colliding black holes
and colliding neutron stars. This has
been a tremendously fun time to be
in this [eld and to witness such a
remarkable institution move forward
from its inception. Therefore, on
behalf of the External Advisory
Committee, let me congratulate
again the leadership and all those
involved with KIPMU. Thank you.

See, Kavli IPMU News No. 28, pp. 4-6 and
p. 33, as well as its cover.



Robert W. Conn

President and CEO, The Kavli Foundation

I'd like to begin by thanking
President Gonokami, Mayor
Akiyama, the various members of
the government ministry MEXT —
particularly Dr. Seki and Dr. Ukawa
—and the distinguished people
here today. As importantly, I'd like
to express thanks and congratulate
the Japanese government for
its conception of the absolutely
unique idea of the World Premier
International Research Center
Initiative, known as WPI. We
have many science institutes in
the United States funded by our
government agency, the National
Science Foundation. But the notion
of establishing top-tiered research
institutes that bring researchers from
around the world, use English as
the lingua franca of communication
among the scientists in the institutes,
and doing this in Japan ... well, this is
very distinctive and special.

You - the Japanese Government
and people—have been innovative
and imaginative, and you have put
something together of very large
scale. When | look at what you are
attempting to achieve by way of

globalized scienti [c hctivity—both
projecting science out of Japan, as
well as bringing scientists and science
to Japan—this is a remarkable

thing, and not something I've seen
anywhere else in the world. So, for all
of this, | congratulate the Japanese
government, the University of Tokyo
and its people, Hitoshi Murayama,
the director of the Kavli IPMU, the
Institute’s leadership team, and all
the members of the Kavli IPMU.

The Kavli Foundation became
very aware of IPMU when we began
thinking about our next generation
of Kavli Institutes. As David Gross
pointed out, the Kavli Institute for
Theoretical Physics at UC Santa
Barbara, where he served as director
for many years, was announced as
KITP in 2002, and it became the
[rst Kavli institute. Over the next
seven years, The Kavli Foundation
established and funded 14 more
Kavli Institutes.

During the Great Recession that
began in 2008 and extended well
into 2010, we stopped our large
programs and began thinking
about what we would do next

once things recovered. And when
that opportunity arrived, we began
to look at where in the world the
best work is being done in the
science [elts that we provide
support. At The Kavli Foundation,
we support basic research in four
areas: astrophysics and cosmology,
nanoscience, neuroscience, and
theoretical physics. We do so by
providing funding whose use is
unconstrained. So, when we looked
around the globe at what was being
achieved, one place that stood out
was here, at the University of Tokyo,
and what you were attempting to do
with the IPMU.

Today, we are celebrating the 10th
anniversary of the IPMU, and the 5th
anniversary of the Kavli IPMU. With
that in mind, | want to point out the
portrait of Fred Kavli on the back
wall of this room. There are only
[vé of these portraits, each distinct.
There’ s another at the Norwegian
Academy of Science and Letters in
Oslo, Norway, the country where Fred
Kavli was born. A third portrait hangs
outside the Fred Kavli Auditorium
at the U.S. National Academy of
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Figure 1 Celebrating the establishment of Kavli IPMU.
Kavli IPMU Director Hitoshi Murayama and Fred Kavli in

2012,

Sciences in Washington, D.C. There’s
a fourth hanging at the Kavli Royal
Society International Centre in the
U.K. and the Foundation has the [fth
and last portrait. So it is wonderful to
see Fred’s portrait here, especially in
this room and during this very special
celebration.

Fred Kavli was an extraordinary
person with an extraordinary vision.
He liked to say he was a physicist by
training, and he was; but he was also
an engineer, and a very inventive one
at that. He was also a remarkable
businessman and entrepreneur who
created a great fortune.

When he thought about what
to do with his wealth, Fred Kavli
decided to give it all back in support
of basic science. People like David
Gross, here today, and many others
had a large in [uénce on Fred as
he thought about what to do. In
2000, he began the Foundation with
$100-150 million. That is a lot of
money but modest by philanthropic
standards in the United States. Now,
that sum is more than $600 million,
no longer modest by any standard,
and all of it is from Fred Kavli. He
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Noda. (2012).

gave it all The Kavli Foundation for
support of basic science.

The establishment of the Kavli
IPMU was one of the two last
great events of Fred Kavli's life.
When you look at the picture of
Fred and Hitoshi (Figure 1), taken
at the ceremony when the Kavli
IPMU was announced in May 2012,
you see in his face the enthusiasm
he had for doing something in
Japan that was going to be truly
transformative from a scienti [c]
point of view. In this picture, he's
holding a gift commemorating that
moment, and you can see that he
cares enormously, just as we at The
Kavli Foundation care enormously,
about your success in pursuit of
great questions in science. During
our visit then, we could tell that great
science was happening and Fred is
expressing that joy.

| remarked earlier about what |
consider to be this extraordinarily
innovative and imaginative approach
of the WPI program that you have
undertaken here in Japan. We don’t
get to visit the prime minister or
president of most countries, but
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Figure 2: Left to right: Robert W. Conn, President and CEO, The Kavli
Foundation, Hitoshi Murayama, Fred Kavli, and Japanese PM Yoshihiko

when we came for the inauguration
[vé years ago of the Kavli IPMU, we
were graced by the willingness of the
Prime Minister of Japan to visit with
us, and he did. We had that visit in
his of [cd. It was Prime Minister Noda
at the time.

You can see here the four of us
with a rather special wine glass
(Figure 2). The glass is a beautiful
piece of art, with the blue bowl of
the glass celebrating cosmology and
the universe’s evolution from the big
bang until now. In this picture, we're
enjoying a laugh together after the
Prime Minister asked; What's this
glass about?”, and Hitoshi helped
him out with the explanation. But
more importantly, the presence of
the Prime Minister was an expression
by the leader of the government
and people of Japan that science
is important, and we were very
appreciative that he met with us.

The celebration then, with people
coming from around the world, just
as the celebration today, re [edts
the character of what you have
established here. In the United States,
we have had many people come
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Figure 3: The Kavli Foundation community
programs and initiatives.

from Europe and Asia, including from
Japan, to contribute to our science.
This is now what you're doing. And
just as it was very successful for us, |
think it's going to be extraordinarily
successful for you.

Let me say a few words about The
Kavli Foundation and its work. As you
know, our mission is to support basic
science for the bene [Lof humanity.
It's a core belief, you might say, that if
you do the basic research, the results
will contribute to humanity in ways
that are unpredictable but certain
to happen. | feel deeply con [dént
in this statement. Why? Well, if you
ask why over the past century-and-
a-half the average life expectancy
of people has increased from 45 to
85 years in so many countries, you
can trace that fact to just two things.
One is achievements in engineering
that have led to cleaner air, cleaner
water, and addressed the sources of
disease such as sanitation. Pasteur
understood all that. The second is the
contributions of basic science. These
two developments have changed
life around the world in ways never
seen in human history. It has made
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Figure 4. Fred Kavli, founder of The Kavli Foundation (1927-
2013).

life extraordinarily different, and

here in Japan, where you have one
of longest average life spans in the
world, it's because of science. That’s
the simplest measure, life expectancy,
of why supporting science is so
important - it bene [isleveryone.

The program areas we support at a
Foundation are shown in the graphic
that is Figure 3. The red circles
represent our programs supporting
basic science and accounts for more
than two-thirds of everything we
spend. By the way, the Kavli Institutes
receive the bulk of this support.

But we also care enormously
about public understanding and
public appreciation of science. Why?
We in science want to do lots of
things and to do our work, we need
governments to invest generously
in research. Governments, lest we
forget, spend the people’s money.

It follows that people—citizens
—need to understand how basic
research bene [fslhumanity, why
scientists work the way we do, and
why it can take a long time to make
from breakthrough discoveries to
extraordinary bene [fslto society. This

is the reason there are three Nobel
prizes that were awarded across a
span of more than 60 years, each
associated with the basic scienti [c]
discoveries, that underlie the MRI's
everyone gets these days. Not one,
not two, but three different Nobel
prizes underpin the science of an
MRI, the most widely used diagnostic
today in medicine. The green circles
in Figure 3 are the programs we
support in this important area.

The year 2012 was the last
year that Fred Kavli lived life to its
fullest. In that year, as | said earlier,
he came to Japan to celebrate the
inauguration of your Kavli Institute—
the Kavli IPMU. That September, he
traveled to Oslo for the 2012 Kavli
Prizes. Later that year, he became
gravely ill and in 2013 he passed
away at the age of 86, having lived a
long and fruitful life.

So, on his behalf, and on behalf of
The Kavli Foundation, we wish you
a future full of creative activity and
discoveries, a future that will advance
science for the bene [T ®f us all.

Thank you very much.
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Mikhail Kapranov

Principal Investigator, Kavli IPMU

Thank you very much. It's a great
honor to be able to say a few words
on this occasion, the 10th anniversary
of Kavli IPMU. | am a relative
newcomer to the institute being here
for three years. | moved from Yale
University. And the reason | moved
was because | was attracted by the
spirit of interaction and collaboration
which | haven't seen elsewhere. What
| was used to see is that different
departments are situated in different
places and often in different buildings
and every interaction is so rare and
precious. Before Yale, | was in Toronto
and one of our great achievements
was to have a joint position in physics
and mathematics, which was very
luckily occupied by Kentaro Hori who
is here now.

So then when | went to Yale, the
next thing | know is that Kentaro
is at IPMU. So they should be
doing something right. And when
| visited IPMU, | realized that it’s
not just one position, the entire
institute is like this. And all the
seminars are joint by de [nition. So
it's a completely different type of
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environment, completely different

type of interaction. So being here

is an incredibly inspiring experience
because, in this very specialized age,
you see the place of what you are
doing in the larger scheme of scienti [c]
endeavor, you hook up to the power
of the fundamental science. And this
has been an incredible experience.

So glimpsing into the future, | can
see even more intense interaction and
collaboration with people who have
been here for some time and who
are just joining the IPMU. And | am
very proud and happy to be a part of
the IPMU team and | think it's only
appropriate to [nish by thanking once
again all the people and organizations
that made this environment possible.
Thank you very much.
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Tom Melia

Project Assistant Professor, Kavli IPMU

Good afternoon. Well, | have the
honor of being a newly appointed
assistant professor in theoretical
physics here at Kavli IPMU and what
| wanted to do with you is to share
a few of the reasons why it is that
| wanted to come here and what
excites me about my future. In fact,
| am going to give you four reasons
because, in my head, | associate each
one of them with one of the letters
IPMU.

Sd 1" stands for international. My
research is in particle physics, and by
its very nature is international. So the
focus here on fostering international
collaboration is very important to me.

“ P” stands fof' part of something”.
| was drawn by the idea of becoming
a part of what is a very ambitious
and somewhat scarily successful
project and group of people, and |
am excited about bringing my own
contributions to team IPMU! M”
stands for multidisciplinary. In the
past | have worked with experimental
physicists, mathematicians and | have
even worked with chemists and so
| know how good multidisciplinary

research can be. And so naturally, | am
very excited about what the future
holds for me between the four walls
of this beautifully designed building:
walls without borders. And [nally U”
stands fof* unusually happy”. One
observation | have made in the month
since | came here is that people just
seem to be unusually happy. At [rst

| put this down to the daily cake and
tea that we are provided with, but
actually | think there is a little more

to it than meets the eye, and | am
looking forward to [nding out exactly
what that is. Thank you.
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Hitoshi Murayama

Director of the Kavli IPMU

Distinguished guests, friends,
colleagues, ladies and gentlemen,
thank you so much for the nice
words given to us from distinguished
speakers today and all of you being
present at this ceremony which
means so much to all of us.

Well, | was very impressed by this
new interpretation of the name
IPMU. | really like that. | always used
to joke that IPMU stands for Informal
Physicists and Mathematicians’
Utopia but unusually happy” is
better than utopia, so | really like
that.

So, what a difference 10 years
can make. You have seen the
video. My hair used to be black,
no longer. My belly used to be [afi
no longer. This building didn't exist
back then but now we have this
magni [cént building for physicists,
mathematicians, and astronomers
to interact with. And there were no
scientists on site 10 years ago. Now,
they are two hundred of them right
here in this building today. What a
difference 10 years can make.

When we started, | didn't
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really believe that a world class
international research center

can be brought up from scratch.
According to all the talks | listened
today, apparently we made it, that’s
fantastic.

Ten years ago, all the efforts we
had to make to create this institute
required new ideas and new
systems, and President Gonokami
emphasized this aspect. And | was
kind of skeptical that all of these new
ideas would stick with the university
because they were so unusual and
foreign compared to the traditional
system of the university. But instead
of alienating us, University of Tokyo
embraced Kavli IPMU, which is
remarkable in my mind, and | really
appreciate all the effort done by
the president, previous presidents,
Professor Takigawa heading this
campus as well. So this was a big
change in the way the university
operates, and according to Professor
Ukawa program director, what we
have done here apparently also
changed the Japanese academia
as a whole which is amazing, and

Kavli IPMU News[ No. 4000 December(] 2017

IFViU

something we had not anticipated
10 years ago.

Also 10 years ago, we didn't think
that this institute would continue to
exist. The funding was guaranteed
only for 10 years. | was very worried,
10 years later | will be standing
here alone, empty, but now we
see these many people celebrating
this occasion which shows strong
support from MEXT, president of the
university, administration and Kavli
Foundation, which also provided us
very important resources to keep
creating exciting research as well. So,
this three-way support is really new
in a Japanese system, if | understand
correctly, and that enabled us
to continue to exist and thrive
beyond the initial 10 years. What a
difference 10 years can make.

But we have to look beyond that.
| speci Lcally asked Mikhail Kapranov
and Tom Melia to give a brief speech
today because that's the future of
this institute. At the onset, at the
time of the launch, a lot of great
scientists joined this effort believing
in the future but also somewhat on



a risky path. They didn’t know quite
what they were getting into but they
were happy with this idea to create
a new type of institute combining
physics, mathematics, astronomy and
many of them have left the institute
since then and are doing great work
elsewhere. But looking at Mikhall
Kapranov and Tom Melia, they came
here knowing what kind of institute
this is. They already knew what was
going on here and they appreciated
that. They liked that. That's why they
came here. So, this is a new phase for
the institute.

Ten years is a long time. It's been a
long time for me. But looking at the
history of humanity, looking at 13.8
billion years of life of the universe,
it's such a blip of a moment and
even just focusing on the history of
science since Galileo and so on, you
see the inscription of Galileo’s word
on this pillar right here; Universo
scritto in lingua matematica’,
Universe Is Written in the Language
of Mathematics. In 400 years, 10
years is such a short period of time.

We are a startup company. We

are like the beginning of Apple or
Uber, the startup companies. We
have a long way to go. So, 10 years
is actually a very short period of time
and there will be the next decade
and the decade after and | really
appreciate the long-term support
from the Japanese government,
University, and Kavli Foundation to
at least think ahead about what may
be happening in decades from now
and that happens thanks to all of you
here today.

All the support we get within the
university, outside the university,
from Japan and from the whole
planet, maybe from extraterrestrial
life as well and all the scientists, who
created amazing research here at this
institute and all the dedicated staff
that supported the work by scientists,
and as you saw in the video, they
also led the system reform of the
university.

This is a very unique combination.
If we are missing any of them, we
wouldn't be here today and that’s
the difference 10 years have made
for this institute. Thank you so much

for being here and | truly appreciate
your support and presence today and
thank you very much again.
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Special Contribution

Kavli IPMU 10th Anniversary Symposium

Hirosi Ooguri

Kavli IPMU Principal Investigator

On 16 - 18 October, 2017, the Kavli Institute
for the Physics and Mathematics of the Universe
(Kavli IPMU) celebrated its 10th anniversary with a
ceremony and a scienti [csymposium.

The IPMU was established ten years ago, on
1 October, 2007, as a part of the World Premier
International Research Center Initiative (WPI) of the
Ministry of Education, Culture, Sports, Science and
Technology (MEXT) of Japan. In the spring of 2017,
the Ministry solicited proposals to opert’ globally
visible research centers that boast a very high
standard and outstanding research environment,
suf [ciéntly attractive to prompt frontline researchers
from around the world.” Our proposal for the IPMU
was submitted in late May. After mail reviews and the
initial selection process, a dozen of groups including
ours were invited to oral presentations and interviews
in late August. We were delighted when we learned
in September that our proposal was selected as one
of the [v8 WPI centers. After the announcement,
we had only a couple of weeks before launching the
IPMU on 1 October. Unlike the other four institutes
selected at the time, the IPMU was built from scratch,
by bringing in Hitoshi Murayama from UC Berkeley
as the Founding Director and by attracting Principal
Investigators (PI's) and faculty members from around
the world. Four and half years later, in February 2012,
the IPMU joined the Kavli family of research institutes
and was renamed the Kavli IPMU in April.

As the 10th anniversary of the institute
approached, Hitoshi wrote to me in January 2017,

“ | know you also chaired the Opening Symposium

which was a smashing success. Unfortunately no

Mon) - 18 (Wed) , 2017
Kashiwanoha Conference Center
Kavli IPMU

Distinguished Speakers:
John Ellis o

good deeds go unpunished.” This way, | became
the chair of the organizing committee of the 10th
anniversary symposium. The other committee
members were: Mikhail Kapranov in mathematics,
Mihoko Najiri in particle phenomenology, Masahito
Takada in cosmology and astrophysics, and Mark
Vagins in experimental high energy physics.

We wanted the 10th anniversary symposium to be
an occasion to showcase the institute’s achievements
over the past ten years and to explore future
directions of our research. With this in mind, we
brought back some of our successful former students
and postdoctoral fellows to learn their current
research interests and to strengthen their networks.
We invited leading scientists in our [eltls to survey
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research frontiers and new opportunities. We also
gave our current research scientists opportunities to
present their research results by their plenary talks,
three-minut¢’ Gong Show” talks, and posters during
the symposium.

The venue of the Symposium was a hotel near
the Kashiwa-no-ha Campus Station. After opening
remarks by Hitoshi Murayama, David Gross (2004
Nobel Laureate) and Shing-Tung Yau (1982 Fields
Medalist) gave scienti [Ctalks. Both of them
were at our opening symposium in 2008, and it
was wonderful to have them back at our 10th
anniversary and to show them the progress we have
made with the institute. We asked them to give
talks that represent their current research interests
rather than overviews of their [eltls. David Gross
responded by discussing his tour de force calculation
of correlation functions of the Sachdev-Ye-Kitaev
(SYK) model in the large N limit, which are deeply
connected to the mystery of quantum black holes.
Shing-Tung Yau discussed problems with mass and
angular momentum in general relativity, in particular
on their de [nitions for a space-like region bounded

by a closed surface, which was listed as one of

the most important problems in general relativity
by Roger Penrose in 1979. Yau presented a recent
breakthrough he and his collaborators made in this
problem.

These talks were followed by David Spergel, who
is one of the PI's of the Kavli IPMU and is also the
Founding Director of the Center for Computational
Astrophysics at Simons Foundation’s Flatiron
Institute in New York. He discussed opportunities in
observations of the cosmic microwave background.
John Ellis, a leader in phenomenological high energy
physics and a member of the External Advisory
Committee of the Kavli IPMU, surveyed implications
of the Higgs discovery at CERN and discussed
directions of high energy physics research based on
various possible outcomes of the LHC experiments
at 13 TeV. Richard Ellis, a leader in observational
cosmology, discussed the future of observation of the
[rst galaxies and their roles in cosmic reionization.
Andrei Okounkov (2006 Fields Medalist) works in
an area of mathematics that is deeply connected
to research interests of both mathematicians and

Special
Contribution
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theoretical physicists at the Kavli IPMU. He gave a
pedagogical introduction to issues one encounters
in counting mathematical objects of physical
interests and discussed how to overcome them.
Takaaki Kakjita (2015 Nobel Laureate) and Masayuki
Nakahata, both of whom are PI's of the Kavli IPMU,
discussed atmospheric neutrino experiments and
supernova neutrinos, respectively.

The Kavli IPMU has been successful in attracting
talented young researchers from all over the world
and in mentoring them and providing them with an
ideal research environment to become leaders in their
Leltls. We are proud of the fact that many of our
former postdoctoral fellows and graduate students
are having successful careers with leadership
positions at major research universities and institutes
all over the world. To showcase their achievements,
we have invited some of them to give talks at the
symposium. Each of them was introduced by her/his
mentor at the Kavli IPMU.

Susanne Reffert was one of our [rst postdoctoral
fellows, who arrived at the Kavli IPMU in the fall
of 2008. She is currently a full professor at the
University of Bern, Switzerland. You can read her
interview on her experience at the Kavli IPMU, in
volume 16 of the IPMU News.' At the symposium,
she was introduced by Simeon Hellerman.

Christian Schnell is a mathematician and an
associate professor at Stony Brook University, and
he was introduced by Kyoji Saito. He works on
the geometry and topology of complex algebraic
varieties. Ken'ichi Nomoto introduced Robert Quimby,
who is an associate professor at San Diego State
University and the Director of the Mount Lagua
Observatory. On the [rst day of this symposium,
an announcement of the [rst observation of
gravitational waves and subsequent electromagnetic
signals from a pair of inspiralling neutron stars
was made by the LIGO Scienti [c Collaboration,
the Virgo Collaboration, and their partners. Given
the excitement surrounding this discovery, | asked
Quimby, who co-authored one of the papers that

http://www.ipmu jp/sites/default/ [es/webfm/pdfs/news16/J_TalkinglPMU.pdf

analyzed the data, to give an extra talk to tell us
about the discovery. Despite the short notice, he
gave a beautiful presentation summarizing the
observations and discussing their signi [cance.

Fuminobu Takahashi, a phenomenological high
energy theorist and a full professor at Tohoku
University, was introduced by Tsutomu Yanagida,
and Mauricio Romo, who is a postdoctoral fellow at
the Institute for Advanced Study, was introduced by
Kentaro Hori.

The research of our current staff scientists was
presented by talks by Mark Vagins (supernova
neutrinos), Yuji Tachikawa (quantum L[eltl theory),
Shigeki Matsumoto (collaboration of particle physics
and astrophysics), Masahiro Takada (Subaru Hyper
Suprime-Cam) and Yukinobu Toda (Gopakumar-Vafa
invariants), by the three-minuté’ Gong Show” talks,
and by poster presentations.

The symposium ended with three historical talks
on the genesis of the Kavli IPMU. | myself joined
the planning of the IPMU in March of 2007, when
| arrived at the University of Tokyo to spend a
sabbatical quarter in the spring. For me, therefore,
it was particularly interesting to listen to the talk
by Yoichiro Suzuki, who discussed how a germinal
idea of the institute was formed before my arrival in
Tokyo in March.

After the proposal was submitted in May and
even before it was selected in September, we started
discussing a plan for our building, which has won
awards for its design to stimulate collaboration.
Tsutomu Yanagida, who led the planning of the
building, discussed how the innovative concept of
the building came about.

In addition to its scienti [cfyoals, another important
mission of the Kavli IPMU was td' revolutionize
conventional modes of research operation and
administration in Japan” by introducing new practices
such as [edible appointment schemes to attract best
scientists from abroad. Kenzo Nakamura, who was
the [rst administrative director of the Kavli IPMU,
discussed the challenges we faced in implementing
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(Top row, left to right): Hirosi Ooguri, Hitoshi Murayama, David Gross, Shing-Tung Yau, David Spergel, John Ellis. (Second row): Takaaki Kajita, Richard Ellis, Andrei
Okounkov, Masayuki Nakahata, Susanne Reffert, Christian Schnell. (Third row): Robert Quimby, Fuminobu Takahashi, Mauricio Romo, Mark Vagins, Yuiji Tachikawa,
Shigeki Matsumoto. (Fourth row): Masahiro Takada, Yukinobu Toda, Yoichiro Suzuki, Tsutomu Yanagida, Kenzo Nakamura, poster session.

new administrative initiatives and how we have
overcome them.

On the [rst day of the symposium, we also had
the 10th anniversary ceremony at the IPMU building
with speeches by President Makoto Gonokami of the
University of Tokyo, Director General Yasunao Seki
of MEXT, WPI Program Director Akira Ukawa, and
other dignitaries. Robert Conn, President and CEO
of the Kavli Foundation also gave a speech, pointing
out the portrait of Fred Kavli at Fujiwara Hall, where
the ceremony was taking place, and discussing the
successful partnership between the Kavli Foundation
and the Kavli IPMU. The [rst contact between us
was made in September 2007 at the 80th birthday
symposium in honor of Fred Kavli, and it is wonderful
to see how our partnership has grown in the past
ten years.

The anniversary ceremony ended with a [ash
mob performance, starting with Yuuko Enomoto,

the director’s assistant playing the koto (traditional
Japanese strings), followed by Hitoshi Murayama
playing the double bass, and by the Kavli IPMU
orchestra and the University of Tokyo Orchestra
Quartet, and [nally everyone joined by singing the
Ode to Joy from Beethoven's ninth symphony.

We have experienced a remarkable journey over
the past ten years, building the institute from scratch,
gathering together the best and brightest scientists,
and having fun doing science at the same time. We
have also made great successes in system reforms
and outreach activities. | am grateful to everyone
who believed in our dreams and supported our
efforts. As the chair of the organizing committee, |
would also like to thank staff members of the Kavli
IPMU for their dedicated services. The institute is
still young and full of hope for future, and we look
forward to its next ten years.
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Interview

with Andrei Okounkov

Interviewer: Hiraku Nakajima

Studied Real Math in Special
Courses in the Evening at
Moscow State University
Nakajima: Thank you very
much for making time for
our conversation today.
This is a nice opportunity
for me to ask you some
questions. | wanted to ask you
them during your stay at our
RIMS.
Okounkov: It's my pleasure.
| also have some questions |
want to ask you later.
Nakajima: Okay, let me start
with hearing about your
academic background. What
did you study at Moscow
University, especially in
mathematics and physics?
Your supervisors were Kirillov
and Olshanski, so | guess you
studied representation theory
originally, but your current
works are linked with many
[elds: algebraic geometry,
probability, and also physics,
gauge theory, string theory,
integrable systems. Why do
you have such a wide range
of knowledge?
At the University of Tokyo,
which | graduated from
many years ago, | studied

Andrei Okounkov is Professor

of Mathematics at Columbia
University (since 2010). In 2006,

he was awarded the Fields Medal,
the world’s highest honor in
mathematics, for his contribution to
bridging probability, representation
theory, and algebraic geometry. He
received his Ph.D. in mathematics
from Moscow State University in
1995
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physics only in the 1.5 years
of the undergraduate course.

| heard only basic things
(including experiments,

which | did not like at all).
Later | learned physics when
Witten's paper on Chern-
Simons appeared, but not
from physics colleagues, but
from Tsuchiya (who worked
on CFT) and also the notes of
an Oxford seminar on Jones-
Witten theory. Then | heard
physicists talks on Seiberg-
Witten theory after 1994. It is
not systematic, hence | cannot
give advice to younger readers
on my path.

Okounkov: | studied
mathematics at Moscow State
University from 1989 to 1993,
so missed the golden age of
mathematics there and met
many of its heroes only in the
West. When | was a student,
there were two very different
layers to our education. The
regular curriculum was, | think,
very much oriented towards
employment in the space

or defense industries, with

a lot of numerical methods,
mechanics, and core physics.

| enjoyed many aspects of it,
and later really liked teaching
numerical methods myself,
but for me the real math

was in the special courses
and the seminars that were
happening in the evenings.

| believe the only regular
course that contained Lie
groups was M. Zelikin's course



on optimal control. But in the
Kirillov seminar (often led by
Olshanski when Kirillov was
away), the Gelfand seminar
(led by Rudakov after Gelfand
left), as well as in the courses
by Beilinson and Feigin,
representation theory was
certainly very much at the
center of things.

My Ph.D. project, inspired
by the work of Olshanski, was
on representation theory of
the in [nite symmetric group.
Other projects we worked on
with Olshanski while | was
a graduate student could
perhaps be described as
classical and combinatorial
representation theory inspired
by the in [nite-dimensional
and asymptotic points of view
(that may be traced to the
Gelfand school, and to the
ideas of Vershik and Kerov,
respectively). So, by training,
this is my mathematical home.

| learned very early from
Olshanski, and | now repeat
to my students, that there is
a huge difference between
learning a subject abstractly,
in libro, and learning to work
with it in vivo. At Moscow
state, we had a physics course
based on Landau and Lifshitz,
and also courses in probability
and stochastic processes,
which were certainly very
solid and rigorous courses,
but.. When, by a very lucky
chance, | got into Dobrushin’s
laboratory, and saw people

really do mathematical
physics, it was completely
different, and very intuitive

in its unpolished form. | think
I've been very fortunate to be
able to learn a lot of things
practically, while working on
projects and papers, including
learning so much directly
from my collaborators.
Nakajima: | have heard of
the' two layer” system in
Moscow several times. It does
not exist in Japan and other
countries. Could you explain
it to readers? Does it still exist
now?

Okounkov: | am surprised
to hear this, in Russia there
has been a strong tradition
of what we call "'circles"

in schools after regular
classes, continuing with
various' schools,” etc. where
university students and faculty
teach high-school students in
the evenings, and then on to
special courses and seminars
outside of the regular
curriculum at the university.

| don't know the history, but
maybe this enthusiasm for
teaching has its roots in the
effort of the intelligentsia to
educate the masses in the
19th century? It is charming
to see these traditions now
blossoming on foreign soil,
e.g., in some parts of the US.
Hiraku Nakajima is Professor at the
Research Institute for Mathematical
Sciences (RIMS), Kyoto University.

He will join the Kavli IPMU in April,
2018
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| think | learned more
through such channels than
through the regular ones,
and this is also how | met
many dear friends, including
my wife Inna, when we were
both at one such school
called EMSch for Economics
+ Mathematics + School. In
fact, when we [rst met, | was
a student and she was already
a teacher. EMSch is still going
very strong, and just had its
50th anniversary.

Happy Graduate Student

Days with Family and Plenty
of Free Time

Nakajima: You mentioned
to me that you had plenty of
time in your graduate course
(and have two daughters).
You also told me that
you read textbooks in the
Moscow subway. How was
that possible? It is different
from me, and probably many
others. People study hard in
graduate course in order to
arrive at the cutting edge of
the [eltl. | was fortunate to
get a permanent position
after graduating from my
master’s course (that was
popular in my day in Japan),
but young people nowadays
have only temporary postdoc
positions for many years. They
must study even harder than
we did, | think.

Okounkov: Maybe my case
is not so representative,
because when | started
graduate school in 1993,

| already had a family, the
country’s economy was in
total collapse, and traveling
to the West was basically the
only source of income for
most Russian scientists. In my
case, my wife Inna started

a business and provided for
our family, while | had plenty
of time to think about math
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while looking for food to
buy, cooking, and washing
and ironing the home-made
diapers, etc. We didn't have
disposable diapers, nor a
washing machine, and the
iron was a combined wedding
gift from all of our friends.
In fact, on the day of my
thesis defense | mishandled
the boiling diapers, and so
came to the defense with
one arm bandaged. | don’t
recall people on the defense
committee expressing any
concern; nothing was out of
the ordinary in those times.
But all things considered, |
think those were exceptionally
happy years, as a family is
certainly the greatest source
of happiness in life, and the
second largest source of
happiness is to understand
something new, of which
there was also plenty.
Compared to the stress of
being a junior faculty member
on a short-term contract, | still
think that graduate school
is a local maximum of free
time for a young researcher in
mathematics and one should
really make the best possible
use of it. This means, of
course, that one should study
hard, but also take time to
simply ponder or to consider
examples, as well as to be
curious about mathematics
and science in general. It is
true that many books that
were formative for me | read
on the subway rides to and
from the University, and to
this day | try to always have a
book with me for the subway
ride, also in NYC.

Collaboration with Rahul
Pandharipande on Quantum
Cohomology
Nakajima: Now | want to ask
you about collaborations with

Rahul (Rahul Pandharipande)
on guantum cohomology.
How did it start? You did
know Hurwitz theory before,
but Gromov-Witten invariants
were new to you at that time.
Did you have an outlook
before you started the
collaboration? | have several
collaborations (Yoshioka,
Goettsche, Braverman,
Finkelberg, and others), but
| needed several years of
mutual understanding of
respective work before we
actually started collaboration.
For you and Rahul, did you
know each other’s work well
before you started? And how
did it go after you started?
Okounkov: By another
lucky chance, Rahul was my
next-door of [cd neighbor in
Chicago, and | was coming
to a very lively seminar
that Fulton, Rahul, and
others were running at
the University of Chicago
on guantum cohomology.
Amusingly, in one talk by
Rahul, Spencer Bloch pointed
out that Bernoulli numbers
are appearing in Faber-
Pandharipande computations
of Hodge integrals in
exactly the same form as in
Spencer's and my work [B.
Spencer and A. Okounkov,
The character of the in [nike
wedge representation, Adv.
Math. 149 (2000), 1] on
the character of the in [nite
wedge (with hindsight, this
is the degree O term in the
eventual theory of completed
cycles of Rahul, Eskin, and ).
So | had some familiarity with
the subject, but of course no
real technical knowledge.
And then, after moving
to California, Rahul wrote a
paper on various implications
of the then conjectural Toda
equations of Eguchi, Hori,
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and Yang for the Gromov-
Witten theory of P, including
a conjecture about Hurwitz
numbers. Hurwitz numbers,
of course, | knew since [rst,
this is just a different name
for the characters of the
symmetric groups, and so
was something from the
world that Olshanski and |
spent a long time rethinking;
and second, they were very
much on my mind because
at the time | had just proved
the Baik-Deif-Johansson
conjecture on increasing
subsequences in random
permutations precisely by a
geometric argument with
Hurwitz numbers. So, |
thought it couldn’t be such
a hard conjecture to prove
(which was indeed the case)
and this was the [rst point of
actual mathematical contact.
In the work on BDJ, |
observed a connection with
Kontsevich’s combinatorial
formula for Witten's
intersection numbers on the
moduli spaces of curves, a
very fashionable topic at the
time. One could see how
through Hurwitz theory and
the ELSV formula (which, at
the time, was fresh from the
oven) one could reach an
independent and, all things
considered, transparent proof
of that combinatorial formula.
| was very curious to learn
more algebraic geometry,
and | hope Rahul was
equally happy to listen to my
explanations of other relevant
ingredients, so this was the
start. From the beginning, it
was clear that this project was
going to work; sometimes
collaborations just have such
a lucky beginning. (Later, for
example, when we proved
those Toda equations, or
in some of the GW=DT



(Gromov-Witten/Donaldson-
Thomas correspondence)
papers, we really had to try
many different things before
we found the right mix of
ideas.) Now, | don’t think
anybody reads that [rst paper
of ours, even though Rahul’s
part contains an excellent
introduction to virtual classes
and virtual localization, among
other things. But this is okay,
the subject has reached much
higher heights since then.

Collaboration with Nikita
Nekrasov

Nakajima: Next, collaboration
with Nikita (Nikita A.
Nekrasov). Nikita understand
mathematics very well, but

he is still a physicist. | do

not know many examples

of mathematicians, other
than you, who have joint
papers with physicists.

Many mathematicians are
interested in physics these
days (and it is the reason why
we have IPMU), but it is not
that easy to overcome the
communication barrier yet. In
particular, | do not have many
examples of collaboration
between physicists and
mathematicians. How do you
communicate with Nikita?
More concretely how did you
get your result on instanton
counting?

| have a personal interest, as

| had a different proof of the
same result with Yoshioka. In
my case, we did not originally
intend to give a proof. We had
an unsuccessful joint project
on instantons on blowup
before, and we wanted to
correct it by using instanton
counting. Quite unexpectedly
we were able to [ndl a proof.
Nevertheless, it took us some
time to understand the
meaning of Seiberg-Witten

curves. It seems that you had
a good understanding from
the beginning.

Okounkov: | think
mathematics and theoretical
physics grow very differently.
In math, we spend a lot

of time rethinking our
foundations and count

it as progress when a
phenomenon is presented in
its most general form, with all
essential details highlighted
and accidental features
removed. As a result, our
subject is solid, not just in the
sense of rigor, but also in the

sense of our knowledge [lihg

a certain volume, with a well-
de [néd boundary, beyond
which lies the unknown. In
physics, it seems to me, it

is very important to be the
[rst to add some new key

bit to the tip of the current
research focus, a bit like

a DLA (Diffusion-limited
aggregation) growth, or a
discussion in a social network,
may my physics colleagues
forgive the comparison. As
we know, this grows faster,
but also results in very fractal
dendriform structures, in
which, for a mathematician,
it is very hard to trace the
boundaries or to navigate the

continuum of literature on
any given popular topic. Very
fortunately, there are people
like Nikita, in whose head it is
all ordered and all the voids
are [Idd in. | never had any
problems understanding him.
Sometime in the spring
of 2002, | was in Paris and
Nikita gave me a draft of his

“ Seiberg-Witten Prepotential

from Instanton Counting”
that contained the Nekrasov
partition function Z, as we
know it now. Among other
things, Z is a sum over
partitions, and | admit | like
partitions and [ndl their
elementary geometry very
comforting. Nikita knew that.
To get to the SW prepotential,
one has to take a certain limit
in Z, and at [rst | was sure
that it had to be something
very subtle since, after all,

we are talking some of the
deepest structures known

to man at that time. So |
didn’t give it much thought
at [rst until Nikita came to
visit Princeton the following
winter. It is remarkable how
much in science depends

on social aspects, because
humans are social animals
and our brains are wired

for interaction with others.

Anyway, once the right
neurons [red, it was obvious
that the SW limit is just about
the law of large numbers for
partitions and the SW curve is
just the associated limit shape
(which is a Vershik-Kerov-
style math that | knew really
well), and it became a purely
mathematical problem, as a
physicist would say, to work
out the details.

You see, a power series is
just an integral over natural
numbers N, or over the reals
R with respect to a measure
u supported on the natural
numbers. Sometimes, the
asymptotics of the series can
be computed by the Laplace
method, i.e. by looking at the
largest terms, which means
the law of large numbers for
suitably rescaled x. This works
for much more general spaces,
e.g. for the space of Lipschitz
functions on R instead of
R with the diagrams of
partitions instead of N.
(Following Vershik and Kerov,
Russians draw partitions with
45° axes, which saves space in
the paper by the factor of v2
and also makes the boundary
of a diagram a function with
Lipschitz constant 1) The
largest term, that is, the limit

Interview
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shape, is determined by a
certain variational problem,
which in this instance is very
elegantly solved by the SW
curve. This is all really basic
probability, except for the
part in which one can actually
solve the variational problem
explicitly using algebraic
geometry. With Rick Kenyon,
we later developed some
general theory about this.
One of the simplest among
these limit shapes, the limit
shape for a uniformly random
3-dimensional partition,

was at some serendipitous
moment recognized as
identical to the Hori-Vafa
mirror of C* That was the
start of whole GW=DT story...

Relation between Quiver
Varieties and Quantum
Integrable Systems
Nakajima: You explained
the relation between quiver
varieties and quantum
integrable systems in your
lectures for students. They
were very interesting, and

| was impressed that you
understood the works of
Jimbo-Miwa and others

very well. How did you learn
quantum integrable systems?
Okounkov: | am very glad
you liked it, even though

| am surely still very much
behind people like Jimbo and
Miwa. | [ndl our brains really
repel some parts of math
while very easily absorbing
others. This depends maybe
on some inborn qualities,
but also very much on

what you already know and
understand. | always tell my
students to go with what
comes naturally.. Maybe this
is what Kirillov meant by his
saying that math can be
only learned adiabatically.”
Anyway, | [nd the Jimbo-
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Miwa-Faddeev-Reshetikhin-...
style math really easy to
absorb, because, [Tst, it is,
fundamentally, representation
theory with a mix of statistical
mechanics, two subjects to
which | can relate really well.
But maybe more importantly,
it both answers some
fundamental enumerative
geometry gquestions and
also is illuminated in a new
and, | think, simplifying
light by these geometric
considerations.

I've spent a very long
time doing and analyzing
various enumerative
computations, which is really
a very hard subject. It may
be a fashionable topic to
discuss, but to actually work
out a solution to a modern
enumerative question is a
different matter. There may be
a trivial case you can do from
the de [nikion, a couple more
with some cleverness and
tricks, perhaps a bunch more
with the help of a computer,
maybe a lucky guess, and
then at some point some
miracle needs to happen. So
any time there is a framework
to explain a certain totality of
answers, your brain is already
prepared to [esh it out with
concrete data and features. |
certainly felt that immediately
after Nikita and Samson
(Samson L. Shatashvili) had
their vision for how curve
counts in Nakajima varieties
and related geometries should
be tied with the quantum
integrable systems. Things
that | sort of understood from
one side suddenly shone in a
new light from the other a
great feeling.

Andrei Asks Hiraku
Questions

Okounkov: Now, let me

ask you some questions. As
someone who has studied
Nakajima quiver varieties for
many years, | am naturally
very curious about their origin
and early history. How did it
happen?

Nakajima: | was impressed
by Mukai's work on moduli
spaces of holomorphic vector
bundles on K3 surfaces in
1988, and started to study
similar problems for ALE
spaces, which are noncompact
version of K3 surfaces. Then |
collaborated with Kronheimer
to give the ADHM description
(or quiver description) of
holomorphic vector bundles,
or instantons on ALE spaces.
This happened in summer of
1989 at Berkeley. Kronheimer
changed his interests to
applications of the gauge
theory to topology, but |
continued to study these
particular moduli spaces. In
1990 at ICM (International
Congress of Mathematicians)
Kyoto, | heard Lusztig's plenary
talk and knew that quivers
appeared in his works. |
started to study his works, but
it was hard as they were very
far away from my background
at that time. Meanwhile, |
found that Slodowy slices
appear as moduli spaces, and
knew that Hotta-Springer
(and also Hotta-Shimomura)
computed their Betti numbers
in the context of Springer
representations. In 1991, |
found that their computation
in top degrees gave weight
multiplicities of irreducible
representations in type A,

and it gave a link to Lusztig's
works. This observation
occurred when | read a paper
by Kashiwara-Nakashima, and
| still remember that | was
very excited at that time. Thus
| understood how moduli
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spaces (called quiver varieties
after that) were related to
representation theory, and
study went on smoothly
afterwards.

Okounkov: You worked in
both differential and algebraic
geometry; which one did
you enjoy more? How do
these two different kinds of
geometry compare for you?
Nakajima: | studied
differential geometry,
especially nonlinear PDE

on manifolds, when | was

a student. Since Kobayashi-
Hitchin correspondence

was one of the hot topics

in the area at that time, |

had seminars with algebraic
geometers. | was also
interested in Kaehler-Einstein
metrics on Fano manifolds.
Since these problems were
related to geometric invariant
theory, | gradually learned

it. On the other hand, the
minimal model program was
the central topic for most
Japanese algebraic geometers.
It looked dif [cdlt to me,

and | classi [ed myself as a
differential geometer at that
time.

After | had analyzed quiver
varieties for several years, |
needed algebraic geometry
more and more. For example,
| wrote differential geometric
aspects in the quiver variety
paper written in 1994, but
not in the paper in 1998.
This shows a shift in my
interest. Finally, | found
smooth quiver varieties were
best understood as moduli
spaces of sheaves and Hilbert
schemes of points, rather than
moduli of holomorphic vector
bundles and instantons. This
was the time when | stopped
my interest in differential
geometry.

Nevertheless, | feel that



my differential geometric
background is useful when

| read physics papers. | like
joint works with Yoshioka on
instanton counting on blow-
up. He is an actual algebraic
geometer and very strong

in moduli theory. Thus |
concentrated on looking for
relevant physics literature, and
found the paper on the RG
equation.

Okounkov: You are a
frequent visitor to Moscow
now, but what things
surprised you the most

at [rst? Do you see many
similarities and differences
between mathematics in
Moscow and in Japan?
Nakajima: When | was a
student, we did not have
many chances to hear talks
by foreign mathematicians.
Since Japanese professors
could cover limited areas in
mathematics, we learned
many things from written
texts and papers. We were
encouraged to read many
papers in detail. There were
also many expository talks
where new preprints sent
from abroad (by ordinary mail)
were introduced. The situation
might be different in other
[elds, where more Japanese
mathematicians were
working, like number theory
and algebraic geometry. But

| got my basic knowledge
through papers, rather than
direct communications from
professors when | was young.
When | met many people who
learn many things from talks
in US and other places, | was
surprised.

Feigin visited Kyoto every
summer starting around
1990. Opportunities to hear
talks by foreign people had
already drastically increased
at that time (partly because

of ICM 90), but his talks were
very different from anyone
else’s. He usually started
with easy examples, and
gave some computation, but
suddenly said something very
mysterious but interesting
towards the end of lectures.
They were very hard to follow
as | was not used to hear un-
organized talks like his. Also
it was impossible for me to
understand from where he
got his ideas. His thinking
looked very mysterious.

| had an idea for a
long time that all Russian
mathematicians gave talks
like him, and Russian students
were accustomed to learn
things from such talks. | met
other Russian mathematicians,
and gradually understood that
Feigin is unique even among
Russians, and most people
are not so different from
us. Therefore, when | [rst
visited Moscow in 2013, | was
not surprised at all. My [rst
encounter with Feigin was a
much bigger surprise.
Okounkov: Okay, this is
my last question. In Japan,
many things are very carefully
preserved, while many other
things are very dynamic. What
is your sense of the balance
of tradition and innovation
between the generations in
Japanese mathematics?
Nakajima: Last year Takeuchi
published a text book on
D-modules (in Japanese), and
he wrote that he regrets that
D-modules theory did not
become popular in Japan
despite the fact that it was
born in this country. Also
as you observed, quantum
integrable systems are not
popular in Kyoto any more
since Miwa retired. (It is
partly because researchers
in integrable systems spread

outside Kyoto.) And we do
not have classes teaching
integrable systems. A similar
thing happened on algebraic
topology, where it was
popular in Kyoto at some
period, but only a very few
people remain now. On

the other hand, algebraic
geometry, number theory,
probability, and many other
areas are taught in regular
classes. Their research
groups keep the same size,
or even grow. There was no
symplectic geometry when |
was a student. But we have
a strong group in Tokyo and
Kyoto.

As far as | understand, these
changes and preservations
did not happen by plan. The
number of faculty member
is [xdad (in fact, decreasing
recently), and we need to hire
good researchers in newly
born [elts, like symplectic
geometry, as we cannot
keep up the level of research
otherwise. Hence some
[elts shrink in turn. Another
factor is the availability of
textbooks. There are many
good Japanese textbooks
from the undergraduate level
to advanced ones in algebra.
We have a few good books
on integrable systems, but
certainly not enough. It is
dif Ccdlt for students to learn
integrable systems.

Since | have successfully
changed my [elds in my
career, | enjoy discussion
with people with a different
background. So | like the
dynamic changes of my
surroundings. On the other
hand, | understand that |
should write textbooks for
future generations, but it is
not easy for various reasons.
| promised to write three
books, but | cannot [nikh

them many years..

Okay, | really enjoyed
talking with you. Thank you.
Okounkov: Thank you.
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Ne" DaV|d Barrie[l Research Field: Theoretical Physics

Postdoc

My research interests focus mainly on the
interconnectivity of particle physics dynamics and
the physics of early universe cosmology. Through
such investigations, possible beyond the Standard
Model physics can be tested through considering
observational searches in combination with particle
phenomenology at terrestrial experiments. In the
past, | have been particularly interested in the

ShaO' Feng Ge D Research Field: Theoretical Physics

Postdoc

| have been mainly working on new physics beyond
the Standard Model of particle physics, including
neutrino, dark matter, collider, and electroweak
symmetry breaking models. Recently we proposed the
TNT2K (Tokai and Toyama to Kamioka) experiment
in Japan for better CP measurement with neutrino
oscillation. It's a combination of T2(H)K and muon
decay at rest part (muSK or muHK), using the same
SK or HK detector. This con [gurration can signi [cantly
improve the CP phase uncertainty for the currently
preferred maximal CP, remove degeneracy, and

implications of quantum anomalies in the settings of
baryogenesis, in[afion, and gravitational waves. | plan
to continue exploring these possibilities along with
other astroparticle physics models.

increase statistics. In addition, it can guarantee CP
sensitivity against non-orthodox models, such as non-
standard interactions and non-unitarity mixing. | hope
this proposal can be [nally realized and help Japan to
win the competition of measuring the leptonic Dirac
CP phase.
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Tllman H&I’tWIg |:| Research Field: Astronomy

Postdoc

| study the nature of the [rst stars in the
Universe with high-resolution computer simulations.
Depending on their mass, the [rst stars eject heavy
elements into the interstellar medium when they die
as supernovae. We can observe this speci [c themical
[ngerprint in the oldest stars in the Milky Way and
constrain their progenitor masses. My simulations
help to correctly interpret observations, to optimise

TatSU kl KUW&g a.kl |:| Research Field: Mathematics

Postdoc

| am broadly interested in mathematical physics,
especially around mirror symmetry. Recently, my
research has been about the application of the
microlocal method to symplectic geometry. For
example, | proved homological mirror symmetry
for toric varieties using this method. Currently, | am
trying to use the method to understand/compute

\]in' Man n WOﬂg |:| Research Field: Theoretical Physics

Postdoc

My research pursuits lie within the areas of
F-theory and M-theory. In the former, my research
has focused on understanding geometric aspects
of elliptically [héred Calabi-Yau manifolds related
to the presence of additional U(1) symmetries in
F-theory compacti [cations. With regards to the
M-theory, | am interested in compacti [cdtions of the
M5-brane theory down to various dimensions and

upcoming surveys, and to eventually constrain the
characteristic masses of the [rst stars.

Fukaya categories of compact symplectic manifolds.

how the lower dimensional theories can be used to
understand aspects of three- and four-manifolds,
and the conjectured 4d02d correspondence.
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LOUIS Yang |:| Research Field: Theoretical Physics

Postdoc

My research interests lie at the interface of
theoretical particle physics, cosmology, and
astrophysics. In particular, | have been working on the
dynamics of the Higgs [eltl condensate in the early
universe. During in [ation, scalar [eltls can develop
large vacuum expectation values, which later relax in

the reheating stage of the universe. The relaxation of also interested in the possible connection between
the Higgs or other scalar [eltls can play an important the dark matter and the Higgs vacuum stability
role in the history of the universe. Beside this, | am problem.

Tea Break:

What's' IPMU Mechanism Length”?

One day, | encountered a mysterious string of words while | was Googling something with
keywords including’ IPMU." It is shown below, copied from the web page from which | found it. It
seems to have been created from a corresponding Japanese page using a free machine translation
service on the internet. If you understand a bit of Japanese, you can readily [guire out what the
latter halfy IPMU mechanism length,” refers to. Heré mechanism” is translated back into 00 O
in Japanese, while’ length” is translated back into [I . As we all know, IPMULC [0 O " normally
translates intd* IPMU Director.”

turnip re-Mr. IPMU mechanism length

Although Al has greatly developed, it seems that free machine-translation services on the internet
can still create incomprehensible nonsense.

Now, please look at the [guire once again. The entire string of words seems to state’ Kavli IPMU
Director.” Note that in Japanesé’ Kavli” is written as 0O O and it is pronounced as kaburi. So, the
translation machine must have interpreted the' kabu” i kaburi” as O (O O —kabu) thé* turnip.”
But, what | don’'t understand is why* [0 —ri” has been translated intd" re-Mr.” Does the string of
words actually mean to say* turnip re: Mr. IPMU mechanism length (Hitoshi Murayama)” ?

O Contributed by Kenzo NakamuralJ
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Workshop Report

Focus Week on Primordial Black Holes

Alexander Kusenko

Professor, Department of Physics and Astronomy, University of California, Los Angeles,

and Kavli IPMU Visiting Senior Scientist

The focus week on primordial
black holes, held on November
13-17, 2017, coincided with the
50th anniversary of the [Ist paper,
by Zeldovich and Novikov, which
suggested that black holes could
form in the early universe. This
fascinating possibility was brought
in sharper focus by recent progress
in theoretical understanding as well
as observations, in traditional and
gravitational wave astronomy.

There is growing evidence that
black holes exist, but their origin is
not well understood. Black holes with
masses, roughly, ten times the solar
mass have recently been discovered
in gravitational waves. Observations
con [rmh the existence of supermassive
black holes in active galaxies, as well
as a large black hole at the center
of Milky Way. While explosions of
massive stars can lead to formation
of black holes, our understanding of
the mass function of astrophysical
black holes is limited. There is no
compelling explanation of how
astrophysically produced black holes
could grow to be supermassive in a
short amount of time since the big
bang. Black holes of primordial origin

could be an important component
of today’s universe, and they could
be the key to solving astrophysical
puzzles.

The workshop started with a
historical overview by Bernard
Carr, who pioneered the [eltl. The
participants discussed a broad
range of topics, from formation
mechanisms, to observational
constraints, to interactions of
primordial black holes with neutron
stars. There is a fascinating possibility
that recently discovered gravitational
waves from merging black holes can
be, at least in part, due to primordial
black holes. In a different mass range,
there is a three-orders-of-magnitude
window for primordial black holes
to account for all dark matter in
the universe. Finally, disruptions of
neutron stars by primordial black
holes can contribute to formation
of gold, platinum, and other heavy
elements.

One of the recent developments
at the focus of discussion was a class
of new, fairly generic, mechanisms by
which primordial black holes could
be produced. Depending on their
origin, such black holes can have

different masses and spins.

The subject of primordial black
holes has a strong overlap with
scienti [C programs at the Kavli
IPMU, and it illustrates how particle
physicists, astrophysicists, and
cosmologists work together, building
on synergy of the multidisciplinary
institute. Particle theorists Masahiro
Kawasaki, Alexander Kusenko, and
Tsutomu Yanagida, along with several
collaborators have contributed some
key theoretical ideas: they identi [ed
several new ways in which black
holes could form in the early universe,
showed how primordial black holes
could seed supermassive black holes
found at the centers of galaxies,
and pointed out that neutron star
disruptions by primordial black holes
can be responsible for synthesis
of heavy elements. Astrophysicists
Hiroko Niikura, Masahiro Takada,
Surhud More, and their collaborators
have carried out an observational
campaign searching for black
holes in the mass range previously
inaccessible to observations. The new
opportunity to search for black holes
opened up thanks to the unique
capabilities of Hyper Supreme-Cam
on the 8.2m Subaru telescope.

The workshop participants were
united in anticipation of exciting
future developments and, hopefully,
great discoveries.
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Kavli IPMU Celebrated the 10th
Anniversary of its Foundation

The Kavli IPMU celebrated its
tenth anniversary in October 2017.
It was launched on October 1, 2007
as a WPI center, named the IPMU,
and after four and half years, it
was renamed the Kavli IPMU. On
October 16-18, the Kavli IPMU 10th
anniversary symposium was held at
the Mitsui Garden Hotel near the
Kashiwanoha Campus Station (see
pp. 20-23). In the afternoon of the
[rst day (October 16), a ceremony to
commemorate the 10th anniversary
was held at the Kavli IPMU research
building on the Kashiwa campus (see
cover page and pp. 4-19).

10th Kavli IPMU External Advisory
Committee

In conjunction with Kavli IPMU’s
tenth anniversary, the 10th meeting
of the Kavli IPMU External Advisory
Committee was held in the afternoon
on October 18, 2017. Chairman
Steve Kahn (Stanford/SLAC) and
committee members, John Ellis (King’s
College London), Sadayoshi Kojima
(Tokyo Institute of Technology),

David Morrison (UC Santa Barbara),
Sadanori Okamura (Hosei University),
and Nigel Smith (SNOLAB), were
present.

As a [va-year extension of the WPI
support to the Kavli IPMU until the
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end of FY 2021 had already started
this year, the Committee was asked to
discuss and advise on an appropriate
faculty composition, and the present
status and future direction of the
current research projects. The
Committee provided many useful
comments and suggestions. (Also see
photo in Director's Corner on p. 3)

Inauguration of the Next-
Generation Neutrino Science
Organization (NNSO)

The University of Tokyo’s Kavli
IPMU, Institute for Cosmic Ray
Research (ICRR), and School of
Science partnered to form the
Next-Generation Neutrino Science
Organization (NNSO) on October 1,
2017. ICRR Director and Kavli IPMU
Principal Investigator Takaaki Kajita
has been assigned as the Director of
the NNSO. The Organization aims to
pioneer the future of neutrino physics
through the development of neutrino
research techniques and detector
technologies. In particular, it aims
to advance the Hyper-Kamiokande
project. It will work to lead
collaborations between theoretical
and experimental researchers and
to establish a center for the world's
neutrino research so that when the
Hyper-Kamiokande project is realized,
its research program will proceed
smoothly.

On November 8, an inaugural
ceremony of NNSO was held at the
ICRR’s Kamioka Observatory in Hida
City, Gifu Prefecture.

A group photo of the participants in the NNSO
inauguration ceremony, taken in front of the Kavli
IPMU’s Kamioka Branch Of [cd (Credit: NNSO).
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Director Murayama Receives
Research Award from Alexander
von Humboldt Foundation
Kavli IPMU Director

Hitoshi Murayama
receives a Research
Award from the
Alexander von Humboldt
Foundation (AvH)

in Germany; it was announced in
October. The award is one of up to
100 the AvH grants every year to
internationally renowned academics
from abroad in recognition of their
achievements to date; particularly
academics whose fundamental
discoveries, new theories, or insights
have had a signi [cant impact on their
own discipline and who are expected
to continue producing cutting-edge
achievements in the future. *

The award ceremony will be held

in June 2018 at the Annual Meeting
of AvH.

Hitoshi Murayama

David Spergel and Eiichiro
Komatsu Awarded the
2018 Breakthrough Prize in
Fundamental Physics

On December 3,
2017, the Breakthrough
Foundation announced
the 2018 Breakthrough
Prize in Fundamental )
Physics to be awarded to David Spergel
Charles L. Bennett,
Gary Hinshaw, Norman
Jarosik, Lyman Page Jr,,
David N. Spergel, and the
Wilkinson Microwave
Anisotropy Probe
(WMAP) Science Team for detailed
maps of the early universe that
greatly improved our knowledge
of the evolution of the cosmos and
the [udtuations that seeded the
formation of galaxies.

One of the [vd leading WMAP

\

Eiichiro Komatsu

! https://www.humboldt-foundation.de/
web/ humboldt-award.html



scientists, David Spergel is Professor
of Astronomy at Princeton University
and Kavli IPMU Principal Investigator.
Also, Max Planck Institute for
Astrophysics Director and Kavli IPMU
Principal Investigator Eiichiro Komatsu
is among the remaining 22 members
of the WMAP science team.

Takaaki Kajita Awarded the 4th
Berkeley Japan Prize

ICRR Director and
Kavli IPMU Principal
Investigator Takaaki
Kajita was awarded the
2017-2018 Berkeley
Japan Prize. This Prize is
a lifetime achievement award from
the Center for Japanese Studies to an
individual who has made signi [cant
contributions in furthering the
understanding of Japan on the global
stage’” (Also see Director's Corner
onp.3)

The past recipients of this prize are:
Haruki Murakami (inaugural, 2008-
2009), Hayao Miyazaki (2nd, 2009-
2010), and Ryuichi Sakamoto (3rd,
2013-2014).

N

znk

Takaaki Kajita

Yasunori Nomura Named New
American Physical Society Fellow
Director of the - S
Berkeley Center for
Theoretical Physics at UC
Berkeley and Kavli IPMU
Principal Investigator
Yasunori Nomura has
been named a new fellow of the
American Physical Society (APS). He
was recognized for his pioneering
contributions to a variety of areas
of particle theory, including gauge
uni [cation in extra dimensions,
electroweak symmetry breaking,
supersymmetric models, dark matter,
the multiverse, foundations of quantum
mechanics, and black holes”®

Yasunori Nomura

2 http://ieas.berkeley.edu/cjs/berkeley
japan_prize.html

® https://www.aps.org/programs/honors/
fellowships/archive-all.cfm

Daisuke Kaneko Receives Young
Scientist Award from the Physical
Society of Japan
Kavli IPMU

postdoctoral fellow
Daisuke Kaneko is one
of several researchers
who have received the "yt
2018 Physical Society of ~ Daisuke Kaneko
Japan Young Scientist Award. He has
been recognized for his Ph.D. thesis
on the search foru “—e¥y decay in
the MEG experiment at the Paul
Scherrer Institute in Switzerland. In
this experiment, the world's most
stringent limit was obtained. A
positive observation of this decay
would be evidence of physics beyond
the Standard Model, and currently,
the MEG experiment is being
ungraded to the MEG Il experiment.

Long Time Kavli IPMU Supporter
Hamamatsu Photonics Honored
by the University of Tokyo
In recognition of establishing
the [rst endowed professorship
for fundamental science and their
support for Kavli IPMU research
into dark matter and dark energy,
Hamamatsu Photonics was awarded
the University Of Tokyo Shokumon
Award” on October 10, 2017 (see
photo in Director’'s Corner on p. 3).
This is the second time an
organization associated with the
Kavli IPMU has received a Shokumon
Award. Fred Kavli, representing the
Kavli Foundation, received this Award
in 2012 (see Kavli IPMU News No. 20,
p. 25, where the story of Shokumon”
from Chinee history is also brie [y
explained).

Kavli IPMU Staff Receive 2017
President’s Award for Business
Transformation

For their risk management work in

normalizing harassment prevention
education, a group of Kavli IPMU
staff, represented by Project Specialist
Rieko Tamura, has been awarded the
2017 University of Tokyo President’s
Award for Business Transformation
(see photo in Director’s Corner on p. 3).

The Kavli IPMU team was
commended for developing a
harassment education video and
online quiz in English. The team and
their families (and one cat) developed
the education video’s storyboard,
script, props, and starred in the video.

The video was made for researchers
within the institute, half of whom are
from overseas, and was also uploaded
to the university’s E-learning system
to allow researchers on overseas trips
to take part in university activities.
Moreover, the video and quiz also
became accessible to all University of
Tokyo researchers with access to the
university portal site.

Open Campus Kashiwa 2017

At the Kashiwa campus of the
University of Tokyo, open campus is
an annual event held in October to
introduce research and education
of the Graduate School of Frontier
Sciences and various institutes,
including the Kavli IPMU, on campus.
In 2017, it was held for two days,
on October 27 and 28. As usual, the
Kavli IPMU offered a rich program.

In particular, the lectures delivered
at the lecture hall were very popular.
On the [Ist day, Kavli IPMU Assistant
Professor Chiaki Hikage talked about
Dark matter and dark energy:
probing the invisible universe by the
Subaru Telescope,” and on the second
day, Kavli IPMU Associate Professor
Takeo Higuchi talked ort Belle Il will
start soon—an electron-positron
colliding-beam experiment opens
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new elementary-particle physics—"

In two days, a total of 8,800 people
visited the campus. The Kavli IPMU
attracted more than 3,100 people.

Chiaki Hikage, giving a lecture.
T

¢\

Takeo Higuchi showing how to assemble a component
of the Bell-Il detector, and Kavli IPMU postdoctoral
fellow Tomoko Morii assisting with his lecture.

17th Kavli IPMU/ICRR Joint Public
Lecture
On November 3, 2017, the Kavli
IPMU and ICRR presented the 17th
joint public lecture at the Ito Hall
on the University of Tokyo’s Hongo
campus with the catchphras¢ Circus
of waves and grains: A look at the
tiny phenomena with big effects on
the Universe.” There was an audience
of about 370 people including junior
high-school and high-school students.
The [rst lecture, entitled
“ Gravitational wave—Einstein’s song

created by the notes in the Universe,”
was given by ICRR Professor Seiji
Kawamura, who works on the
Large-scale Cryogenic Gravitational
wave Telescope (KAGRA) located
underground in Kamioka. Kavli IPMU
Assistant Professor Mark Hartz then
talked about Probing the nature of
neutrinos with the Tokai-to-Kamioka
(T2K) experiment and beyond.” He
spoke in English with a simultaneous
interpretation service into Japanese.
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After the lectures, a discussion was
held between the lecturers and
attendees, and many of them eagerly
asked questions.

After the lectures, Mark Hartz (left) and Seiji Kawamura
(right) answered each other’s questions. They also
answered questions from the audience.

Event® Actually | Really Love
Physics! —Career Paths of Female
Physics Graduates”

This year again, the University
of Tokyo’s Kavli IPMU, Institute for
Solid State Physics, and Institute for
Cosmic Ray Research jointly hosted
an event called Actually | Really Love
Physics!— Career Paths of Female
Physics Graduates” at the Kavli IPMU.
The event was held on November 18,
2017, and there were 19 participants.
(See Kavli IPMU News No. 36, p. 25
for last year’s event).

Kavli IPMU Seminars

1. Braiding statistics / Link invariants
of Quantum Matter in 2+1 and
3+1 dimensions”

Speaker: Juven Wang (IAS)
Date: Jul 12, 2017

2.“ Highlights from the Gordon
Research Conference”

Facilitator: Young-Kee Kim (U
Chicago), Speakers: Hitoshi
Murayama, Masahiro Takada,
Michihisa Takeuchi, Po-Yen Tseng,
and Benda Xu

Date: Jul 13, 2017

3.“ Categorical dynamical systems on
derived categories of K3 surfaces”
Speaker: Genki Ouchi (Kavli IPMU)
Date: Jul 13, 2017

4. New physics searches in ATLAS,
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the latest results from Run-2 and
beyond”
Speaker: Osamu Jinnouchi (TITECH)
Date: Jul 14, 2017
5. ShufleHhlgebras and integrable
systems”
Speaker: Boris Feigin (HSE Moscow)
Date: Jul 19, 2017
6.“ LHC as an Axion Factory: Probing
an Axion Explanation for (g-2),
with Exotic Higgs Decays”
Speaker: Matthias Neubert (MITP)
Date: Jul 19, 2017
7.“ Multi-Messenger Implications of
High-Energy Cosmic Particles”
Speaker: Kohta Murase (Penn State)
Date: Jul 20, 2017
8.“ Cluster Cosmology with the
South Pole Telescope”
Speaker: Tijmen de Haan (UC
Berkeley)
Date: Jul 21, 2017
9.“ Dark Energy: constant or time
variable? (..and other open
questions)”
Speaker: Bharat Ratra (Kansas
State U)
Date: Jul 28, 2017
10! Categorifying non-commutative
deformation theory”
Speaker: Agnieszka Bodzenta
(Edinburgh U)
Date: Aug 04, 2017
11 Mixed Hodge structure of
character varieties”
Speaker: Fernando Villegas (ICTP
Italy)
Date: Aug 08, 2017
12 How to eflciently use effective
[eld theories”
Speaker: Xiaochuan Lu (UC Davis)
Date: Aug 09, 2017
13" Gaugino Condensation and
Holomorphic BF Theory”
Speaker: Richard Eager (U
Heidelberg)
Date: Aug 10, 2017
14" The Quest for Neutrinoless



Double-Beta Decay”
Speaker: Jason Detwiler (U
Washington)
Date: Aug 18, 2017

15" W-algebras, moduli of sheaves
on surfaces, and AGT”
Speaker: Andrei Negut (MIT)
Date: Aug 22, 2017

16" Cubic fourfold, its variety of
lines, and their gauged linear
sigma models”
Speaker: Sergey Galkin (HSE
Moscow)
Date: Aug 22, 2017

17¢ Supersymmetric Twin Higgs”
Speaker: Keisuke Harigaya (UC
Berkley)
Date: Aug 23, 2017

18" Stellar twins and Galactic
phylogenetics”
Speaker: Paula Jofre (Cambridge U)
Date: Aug 29, 2017

19¢ Fusion structures on Temperley-
Lieb algebras”
Speaker: Kenji lohara (U Lyon)
Date: Aug 29, 2017

20" Triggering on Physics Signatures
and Recent Physics Highlights
from the LHC-ATLAS experiment”
Speaker: Yu Nakahama (Nagoya U)
Date: Aug 30, 2017

21" Strongly-coupled Infrared Fixed
Points, Con [nément and Chiral
Symmetry Breaking”
Speaker: Kenichi Konishi (U Pisa)
Date: Aug 30, 2017

22' b - sll decays, from the
Standard Model to New Physics”
Speaker: Sebastien Descotes-
Genon (CNRS & U Paris-Sud)
Date: Sep 06, 2017

23" Physics of Gravitational Redshifts
in Clusters of Galaxies”
Speaker: Nick Kaiser (U Hawaii)
Date: Sep 07, 2017

24 Cosmic gamma-ray lines:
observations, lessons, and puzzles”
Speaker: Roland Diehl (MPE)

Date: Sep 12, 2017

25! The formation of massive black-
hole binaries: understanding the
Advanced LIGO detections”
Speaker: Philipp Podsiadlowski (U
Oxford)
Date: Sep 19, 2017

26" Braids, fences, and quadratic
algebras”
Speaker: Anatol Kirillov (RIMS,
Kyoto U)
Date: Sep 19, 2017

27" Magnetizing the Universe during
the Epoch of Reionization”
Speaker: Daegene Koh (Stanford U)
Date: Sep 19, 2017

28 Cosmology with X-ray Galaxy
Clusters”
Speaker: Hans Boehringer (MPE)
Date: Sep 20, 2017

29" Random Matrices in Classical
and Quantum Chaos”
Speaker. Masanori Hanada (Kyoto U)
Date: Sep 21, 2017

30" Decoding the Apparent Horizon”
Speaker: Netta Engelhardt
(Princeton V)
Date: Sep 26, 2017

31" Galactic Astroarchaeology:
Chemical Abundances and
Evolution of Galaxies”
Speaker: Francesca Matteucci
(Trieste)
Date: Sep 28, 2017

32" Maximizing Inference from
Galaxy Observations”
Speaker: Peter Behroozi (U Arizona)
Date: Oct 03, 2017

33" Multiple zeta values in
deformation quantization”
Speaker: Brent Pym (U Edinburgh)
Date: Oct 03, 2017

34! Halo-independence with
quanti Led maximum entropy at
DAMAJ/LIBRA”
Speaker. Andrew Fowlie (Monash U)
Date: Oct 04, 2017

35" Continuing the Legacy of

Supernova Cosmology”
Speaker: Ryan Foley (UC Santa Cruz)
Date: Oct 05, 2017

36! Enhancements in derived and
triangulated categories”
Speaker: Alice Rizzardo (U Liverpool)
Date: Oct 05, 2017

37" Yangian Symmetry for Fishnet
Feynman Graphs”
Speaker: Florian Lobbert
(Humboldt U)
Date: Oct 10, 2017

38" Conformal Bootstrap At Large
Charge”
Speaker: Alexander Zhiboedov
(Harvard U)
Date: Oct 12, 2017

39" The role of radial migration in
the chemical evolution of the
Milky Way”
Speaker: Nicolas Prantzos (Institut
d’Astrophysique de Paris)
Date: Oct 12, 2017

40* Higher Chow groups, van
Geemen lines, and mirror
symmetry for open strings”
Speaker: Dave Morrison (UCSB)
Date: Oct 19, 2017

Personnel Changes

Promotion

John Silverman, who
was Kavli IPMU Assistant
Professor, became Kavli
IPMU Associate Professor
on October 1, 2017.

L

John Silverman

Moving Out

Kavli IPMU Postdoctoral Fellow
James Wallbridge has moved to
Hitachi, Ltd. as a Senior Researcher. He
was with the Kavli IPMU from August
1, 2013 to December 31, 2017.
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Quiver
Akishi Ikeda

Kavli IPMU Postdoctoral Fellow

A quiver consists of vertices and arrows connecting them. For the quiver, we

can consider the relation, for example two different paths give the same results.
Representation theory of quivers enriches the world of quivers. A representation

of a quiver is an attachment of vector spaces to each vertices and linear maps to
each arrow. In the theory of representations of quivers, there are deep theorems,
like Gabriel's theorem and Kac’s theorem, which is the correspondence between
dimension vectors of indecomposable representations and roots of a Lie algebra,
and Ringel's theorem which is the construction of quantum groups from Ringel-Hall
algebras of representations. And by considering the moduli space of representations
of quivers, we are led to the theory of Nakajima quiver varieties.
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