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September 2010. He became a Kavli IPMU Assistant Professor in June,
2013, and a Postdoctoral Member at the Institute for Advanced Study,
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Young Scientists in 2012 and the Particle Physics Medal: Young Scientist

Award in Theoretical Particle Physics in 2013.

ILEFEA © Kavli IPMUB)Z, 2006538, RRAFEALYLAR
2010438, RRAFEZARMEML ) ELOREUEEIG. 2010648,
ARZMRBERSHIMEE L L TPMUICFIE. B&9A8, 77U YR >
REERRFE >y —BLIRE. 2013F6HKavli IPMUEIZL, 20134
9A LN TU YR BEMAMBELMAES. 20145F8F Kavli IPMUBIZ
ICBE. HEMREME (20125), RHT ASILERHE (2013F) 2 E.



Director’s Corner

Director of Kavli IPMU

Hitoshi Murayama at Work Hitoshi Murayama

January 18: Kavli Foundation Science Program team visit Kavli IPMU (see p. 21).
(Left) From left to right Dr. Christopher Martin, Dr. Miyoung Chun, Hitoshi Murayama, and Dr. Sharif Taha. (Right) Presenting an overview of the research at the Kavli
IPMU to the team.

March 10: (Left) Hitoshi Murayama with Dr. Ralph Eichler, former President of ETH Zurich. (Right) Explaining an overview of the Kavli IPMU.

Director’s
Corner

March 27: Takaaki Kajita Nobel Prize Commemorative Lecture Series, “Where do we come from? — Beyond the Nobel Prize in Neutrinos” (see p. 22).
(Left) Hitoshi Murayama giving a talk. (Right) Photo with fellow speaker Mark Vagins in front of the Yasuda Auditorium.



FEATURE

Kavli IPMU Assistant Professor Masah ItO Ya Maza kl

Research Area: Theoretical Physics

A Theoretical Physicist’s Take on Spacetime

Dimensions

Privilege of a Theoretical Physicist

When you hear the word “physicist,” what kind of
person comes to mind? Is he or she a crazy person
dressed in a white lab coat, stuck in a messy lab
and playing around with fancy equipment? “Doc”
from the movie “Back to the Future” is one famous
manifestation of such a wide-spread stereotype.

While | am a physicist, | am not a physicist of that
kind: | have not worn a lab coat in the last ten years,
and | almost never deal with reagents in the lab (in
fact, | am bad at these things). | spend the bulk of
my daily life working on a computer or talking with
my fellow researchers, and | really am not doing
experiments in the lab—yes, you might by now
realize that | am a theoretical physicist.

As the name suggests, the work of a theoretical
physicist is to come up with a theory in physics. A
theory in physics, roughly speaking, is a theoretical
framework which naturally and uniformly explains
the essence of a variety of natural phenomena.

Theoretical physicists like me cannot do
experiments ourselves: even if | come up with
an ingenious theory, | myself cannot do the
final verification of the theory, so | turn to my
experimental colleagues for help. This is what is
meant by the familiar expression “experiment and
theory develop hand in hand in the research of
physics.”

While it is often the case that theoretical
physicists need to rely on experimental physicists,
we theoretical physicists have our own strengths.
We can use our minds to ponder a wide variety of

S

Figure 1. A magnet creates a magnetic field around
it. This in turn affects the surrounding matter, e.g.,
the direction of the compass.

natural phenomena, deepen our understanding and
sometimes even make new predictions, without
ever realizing the phenomena in the lab with
complicated experimental apparatus (which often
requires a lot of labor and money, by the way). With
only paper and pen (and sometimes a handy laptop),
we can indulge in deep thought, on topics ranging
from the beginning of the Universe to the behavior
of tiny elementary particles, all in a tiny corner of

a coffee shop! I would say it is a rare privilege of a
theoretical physicist to have such absolute freedom
in our thinking.

Let me give you an example of such a line of
thinking, coming from my research experience—I
can promise that this will be fun!

Let us begin with a simple example. You might
have learned this at school: when we place iron
scraps near a magnet, the iron scraps align in
a beautiful pattern. Since | am a physicist, | can
restate this phenomenon in physics jargon. First,
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when we place the magnet, it creates a magnetic
field in the space around it, where a “field” can be
thought of as a set of arrows at each point of the
space, specifying the strength and orientations of
the magnetic field (see Figure 1). Then, when we
place iron scraps around the magnet, the iron scraps
“feel” the magnetic field, and align in the directions
dictated by the field. When we move the magnet,
the magnetic field created from the magnet also
changes as a result, which in turn causes a change
in the patterns of the iron scraps. To state this in

a fancier way, we can say that the two physical
systems, namely the magnetic field and the iron
scraps, are not independent and “interact” with
each other.

What happens if we use another metal, or
another material, instead of the iron scraps? We
know that some materials are very strongly pulled
by a magnet, while others are not pulled much. To
restate this, the strength of the interaction depends
on the types of materials we have.

With real-world materials it is often not easy
to change the strength of interactions. However,

a theorist has no trouble imaging a hypothetical
material for which we can freely tune the strength
of interactions. When the interaction length is zero,
the magnetic field and the material are completely
decoupled; as we increase the interactions the two
physical systems begin to have more and more
mutual effects on each other.

Theorists Like Generalization

Since a theorist often likes the idea of
generalization, let us try to make this setup slightly
more general. First, we assume that there are several
different types of electromagnetic fields. Moreover,
we assume that matter also comes in several
different types. This is a natural generalization of
electromagnetism.

For simplicity, let us assume that there are no
direct interactions between electromagnetic fields
of different types. Note that this does not exclude

electromagnetic
field

matter field

Figure 2. A graph (the so-called quiver diagram) representing
the types of electromagnetic fields as well as matter
interacting with them. Here a vertex represents a type of the
electromagnetic field, and an edge the matter transforming
under the electromagnetic field.

more indirect interactions mediated by matter.
Namely, an electromagnetic field causes a change
in the nearby matter, which then causes change in
another electromagnetic field. In such a generalized
setup, all the electromagnetic fields and matter
eventually interact with each other in a complicated
manner, and it becomes in general a difficult
problem to figure out their behavior exactly.

In order to concisely describe such a theory with
interacting electromagnetic fields and matter,
we introduce the concept of a graph,’ which is
often called a quiver diagram in the literature (see
Figure 2). A vertex of this graph represents an
electromagnetic field, whereas an edge connecting
between two vertices represents matter interacting
with the electromagnetic fields associated with the
two vertices. This means in particular that a matter
field always interacts with two electromagnetic
fields, even when there are many electromagnetic
fields. Given a graph, a theorist can in this manner
consider a corresponding theory (often called the
quiver gauge theory in the literature). A graph
is something even a small child can draw. But
a trained theoretical physicist can associate a
complicated physical theory to a graph, and spend
hours and hours thinking about the theory.

We have to introduce a graph as technical
shorthand for a complicated theory. While this
might be useful, in physics one often asks the
“physical meaning” of various mathematical
gadgets. Is the graph only a technical tool, or can

' In the literature we often consider an oriented graph. However, readers can

ignore this feature for the purposes of this article.
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we associate a more physical substance to it?

One might quickly conclude that this is a
nonsense question. At least, even if a graph lives in
some space, that space is completely different from
our time and space, like another world. In fact, even
when we draw an edge, we do not necessarily have
in mind a particle moving in our spacetime; rather,
an arrow is simply shorthand for the matter content
of the theory we are interested in.

It is too early to give up, however. What happens
if the “other world” really exists? What happens if a
graph in that other world represents the choice of
the theory in “our world” ?

Superstring Theory and Extra
Dimensions

Very interestingly, in the field of superstring theory
(which | have been working on), something as
absurd-sounding as “the other world” is realized as
“extra dimensions.” An extra dimension is a “rolled-
up” dimension which is too small to observe, and
is different from our familiar dimensions (one time
and three spatial dimensions). In superstring theory,
a number of properties of “our space,” such as the
types of matter we have, can be translated into
the properties of the extra dimensions. Since it is
natural to draw graphs in two-dimensional planes,
we should have (at least) two extra dimensions. We
thus have total of 3+1+2=6 spacetime dimensions;
we will live in a six-dimensional world (see Figure 3).

In superstring theory, there exists a natural six-
dimensional brane (membrane).” If we wrap this
brane along two spatial directions, we have four
remaining directions, which gives us four spacetime
dimensions (one for time, and three for spatial
directions). The graph appears in two-dimensional
spatial directions, where the graph represents how
the branes spread in the two-dimensional extra
dimensions (see Figure 4).” It turns out that this is
correct in the precise technical sense, as shown by
detailed studies of the shapes of the branes. This is
what | worked on for my Master’s thesis many years

ago.”

extra dimensions
(two dimensions)

time

space

space

14+342=6 dimensional brane

Figure 3. In addition to our one-dimensional time as well

as three-dimensional spatial directions, we have two extra
dimensions, where the graph of Figure 2 lives. We then have
total of 1+3+2=6 dimensions, which in the superstring theory is
realized on a 6-dimensional "brane."

That we can speculate about six spacetime
dimensions at the corner of a coffee shop is what
makes the life of the theoretical physicist exciting.
We can however go further and be even more
brave. Suppose that we make the size of one of
our spatial dimensions smaller and smaller, to the
extent that it is eventually so small that nobody
(or nothing) can see it. This means that we are
eventually confined to a world with spatial two
dimensions only, like on a piece of paper.

Having only two spatial dimensions causes all sorts
of troubles for our daily lives (for example, there are
no airplanes or pedestrian overpasses), but let us
neglect these matters here, and ask what happens
to the graph we introduced earlier. Recall that our
graph was drawn in two spatial dimensions, which
requires two extra dimensions. Now that our spatial
directions are reduced from three to two, we have a
new extra dimension, and hence in the end we have
a total of three extra dimensions. This should mean
that the two-dimensional graph should be replaced
by a three-dimensional graph. We can formulate
this statement in a mathematically more precise
manner.’

* These are called D5-branes and NS5-branes in our jargon, where “5” here
denotes the spatial dimensions.

To be more precise, we have two different types of branes along the two
extra dimensions, and the graph represents how these two branes intersect
with each other.

* M. Yamazaki, Fortsch. Phys. 56 (2008) 555-686, arXiv:0803.4474 [hep-th].
M. Yamazaki, JHEP 1205 (2012) 147, arXiv:1203.5784; Y. Terashima and M.
Yamazaki, Phys. Rev. Lett. 109 (2012) 091602, arXiv:1203.5792.
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Figure 4. In superstring theory, a
6-dimensional brane (represented

here as a white plane in the horizontal
direction) intersects in a complicated
manner with a different type of branes
(represented here as gray planes in
vertical directions). The graph drawn on
the two-dimensional extra dimensions
represents this intersection pattern of the
two different types of branes.

Figure 5. In the starting setup (above), we start with four-dimensional spacetime
(which we know well), as well as 2 extra dimensions, leading to a total of 6
dimensions. Let us now choose one of the 3 spatial dimensions, curl it up, and make
it very small. The spacetime as we know it then reduces to the total of 3 dimensions,
with 1 time direction and 2 spatial directions. All is not lost, however; the dimension
of the extra dimension goes up, leading to three spatial dimensions (below). Note
that the total number of dimensions is always 6, and does not change. Note that
we find the following curious phenomenon: in the left of this figure the dimension
decreases by one, whereas on the side of extra dimensions (right hand side) the
dimension goes up.

Joy of Theoretical Physicists

If you think about it, this is a rather dramatic
and counterintuitive conclusion. In one side of the
six-dimensional theory, namely in “our” world,
the number of spacetime dimensions decreases
from four to three, and we have less space for
our lives. However, on the other sides of the six-
dimensional theory (i.e. in the directions of the “extra
dimensions”), the number of spatial dimensions
increases from two to three, and an inhabitant of
the extra dimensions have more directions to go
for a walk! In the world of superstring theory, a
number of surprising things happen, even to the
fundamental concept of dimensions of spacetime.

Starting with the familiar electromagnetism,
we arrived at graphs and extra dimensions, all
the way to the dramatic insights concerning the

dimensions of our spacetime and extra dimensions.
This is one illustration of the joy of research in
theoretical physics, where a theoretical physicist
talks to himself/herself, discusses with his/her fellow
researchers, and after hours of work finally arrives
at fascinating conclusions. Any physicist knows well
that it is a challenging problem to better understand
Nature, and quite often he or she spends days and
months being stuck in research. Despite numerous
failures and frustrations, however, theoretical
physicists never stop thinking and doing research.
By being ambitious and patient and sometimes
thinking outside the box to eventually contribute

to mankind’s progress in better understanding
Nature—however small the result may be—we can
make such contributions, and this fact is a source
of pleasure and pride for theoretical physicists,
including myself.

Feature



Our Team

KrzySZtOf GOFSkI Research Field: Cosmology and Astrophysics

Kavli IPMU Professor

| am visiting Kavli IPMU on leave from Caltech/
JPL in Pasadena, where | am a Senior Research
Scientist since 2003, and where | am working
in the ESA/NASA Planck mission collaboration.
Most of my career was focused on studies of the
cosmic microwave background (CMB) radiation.
After | completed my education in Poland, | came
to Berkeley to work with Joseph Silk, and Marc
Davis on cosmology and large scale structure in the
universe. Afterwards | joined the COBE team and
NASA/Goddard Space Flight Center to work on the
characterization of the pioneering measurements of
the CMB anisotropy.

Since then | continued to develop the analysis and
science extraction methods for CMB applications.
Amongst those, the one that | originally created and
that became very broadly used is HEALPix (http:/
healpix.sourceforge.net), a method for efficient
discretization and analysis of data distributed on the
sphere.

| took part in a wide array of science projects that
were spawned by acquisition of the remarkable
Planck data set, including (1) the studies of
temperature and polarization of foreground emission

and its separation, (2) assessments of statistics of
the primordial CMB fluctuations, (3) and isotropy of
the universe, (4) as well as estimation of the CMB
anisotropy spectrum and its parametrization, which
became a pinnacle of modern cosmology.

Now, that Planck project is nearing its completion,
we are looking forward to new avenues for pushing
ahead with CMB measurements. LiteBIRD satellite
mission proposed to JAXA is one of such exciting
prospects for delivering space based measurements
of CMB polarization of sufficiently high fidelity to
reveal the coveted background of primordial gravity
waves leftover from the inflationary inception of our
universe.

| am visiting Kavli IPMU to interact with the
Japanese team of LiteBIRD to share our Planck
experience with space exploration of the CMB, and
to establish prospects for the future collaboration.

8 Kavli IPMU News No.33 March 2016



RyU M d klya Research Area: Astronomy

Postdoc

My research interests lie in observational
cosmology and cosmological galaxy formation.
| have developed a phenomenological model of
cosmological galaxy formation in order to gain
insights into the physics of galaxy formation through
observation.

| am also interested in the accelerated expansion
of the universe. In the Kavli IPMU, | will tackle
this greatest mystery in the Universe by using the

Yuki Sakurai

Postdoc

Research Area: Experimental Physics

| am working on a Cosmic Microwave Background
(CMB) polarization observation satellite, LiteBIRD
mission. With LiteBIRD it is possible to perform a
verification of typical inflation models, searching
for primordial gravitational waves generated in the
early universe through all-sky observation of CMB
polarization. The mission is now in the stage of
feasibility verification and detector development,
aiming to launch in the 2020s. My research focuses

Tea Break:

theoretical galaxy formation model and various
observational data sets, including the 3D galaxy map
which will be obtained by the Subaru PFS.

on the development of optical system which leads
CMB to focal plane detectors. | am challenging an
observation of ultrahigh energy physics of the early
universe, using my background in particle physics.

Mathematicians Joke about Themselves

Two physicists are lost riding in a hot air balloon. They spot a man on
the ground and shout: “Where are we?” The man on the ground thinks
for a few long minutes and then yells back: “You are in a balloon!” The
physicists in the balloon are stunned by the unexpected answer. One
physicist says to the other, “Just our luck to run into a mathematician.”
“How do you know he is a mathematician?” asks the other. “Well, first of
all, the man took a long time to figure out the answer. Second, his answer
was absolutely precise. And third, it was totally useless!”

(Contributed by Alexander A. Voronov)

© Tom Haruyama

Our Team
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Interview

with Shing-Tung Yau

Interviewer: Shinobu Hosono

Found a Theorem Soon
after Entering UC Berkeley
Graduate School at Twenty
Hosono: It's my great pleasure
to have this opportunity to
have an interview
with you
today.
Thank you
very much for
sparing your time.
Needless to say,
you are one of the greatest
mathematicians in the world.
Yau: Thank you.
Hosono: At the same time, |
can say that you are one of
the most important persons
in the universe because of
Calabi-Yau manifolds in string
theory.

Let me start by asking how
you became interested in this
special manifold. | brought a
book you wrote, The Shape
of Inner Space.” According
to this book, it says that you
were in the second year of the
Chinese University of Hong
Kong when you decided to
go to the US. At that time,
were you already interested
in differential geometry or

Shinobu Hosono is Professor of
Department of Mathematics,
Gakushuin University, and Kavli
IPMU Visiting Senior Scientist. He
worked with Shing-Tung Yau as his
postdoctoral fellow in 1992 — 1993.

Kavli IPMU News No.33 March 2016

physics?

Yau: During that year in
Hong Kong, | was much more
interested in a subject called
functional analysis. | spent

a lot of time studying that
there. | had some education
in geometry but not that
much, mostly in classical
geometry studying surfaces,
curves in three dimensions. |
knew nothing about what a
manifold means, so | had no
modern knowledge about
geometry, but | gradually
learned later.

Hosono: How about physics?
Yau: | had reasonably good
training in physics in the
Chinese University of Hong
Kong, but I had pretty poor
training in physics in high
school which | regret very
much. | didn’t obtain enough
intuition that | should have
learned when | was in high
school. I always feel | am
lacking in physics training,
despite the fact that | did
quite well in physics in the
Chinese University of Hong
Kong.

Hosono: Then, in 1969, when
you were 20 years old, you

* The Shape of Inner Space—String
Theory and the Geometry of the
Universe's Hidden Dimensions,
Shing-Tung Yau and Steve Nadis,
Basic Books, New York, 2010.



went to Berkeley and actually
went into the graduate school
there. Right?

Yau: Right.

Hosono: Soon after entering
the graduate school, you
found a theorem and it's quite
amazing. Could you tell us a
little bit about that?

Yau: | went to Berkeley and
so | enrolled in many classes
because | felt | didn’t know
many different areas of
modern mathematics and |
started to be interested in
geometry. | learned quite a

lot of things from different
faculties in Berkeley and
during the first semester |
learned about manifolds, |
learned Riemannian geometry,
but not enough; it was just
elementary.

Then, during the Christmas
term, | didn’t realize in
America everybody went
home, so | was basically left
by myself and I spent most
of my time in Berkeley in the
library. We didn’t have an
office in those days. | went
through all the books and
journals and | found a journal
which was quite readable for
me, the journal was called
the Journal of Differential
Geometry. The second issue
of the journal had some

interesting papers written by
a great mathematician called
John Milnor and | found it
fascinating reading his paper.
The paper was about how
curvature influences the
fundamental group of the
manifold. I learned what the
fundamental group of the
manifold means during my
course in algebraic topology
but | barely learned what
curvature means in the
geometry class. But then |
found these two things can
be linked together and |
found it very interesting.

| studied the paper
by Milnor. It was so well
written, | could understand
the whole thing and then
he referred to some other

Shing-Tung Yau is Professor of
Department of Mathematics,

Harvard University. He is also Director
of the Yau Mathematical Sciences
Center of Tsinghua University in
China and Director of the Shing-Tung
Yau Center of National Chiao Tung
University in Taiwan. He received his
doctorate in mathematics from the
University of California, Berkeley in
1971. Since then, he was appointed
as a faculty member at the State
University of New York at Stony
Brook, Stanford University, Institute
for Advanced Study, the University
of California, San Diego, and in 1987
he became a professor at Harvard
University. He was awarded the Fields
Medal in 1982. He has also received
many other distinguished awards
including the Crafoord Prize (1994),
the United States National Medal of
Science (1997), and the Wolf Prize
(2010).
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paper, some older paper

by a man called Alexandre
Preissman. | looked at the
paper and | decided | could
understand it. Not only that
I could understand it, but |
could try to generalize some
of the arguments to a more
general case. | kept on doing
it. Surprisingly to me, after

a week or so, | was able to
do something reasonably
interesting (they later called
it flat torus theorem) using
some fundamental group of
the manifold which depends
on group theory. | happened
to learn something about it
when | was in the Chinese
University of Hong Kong.

| went through the library
and looked up all these
references by myself. It was
a very interesting period of
time, living alone, away from
other people, and spending
all my time on studying.
That was good.

Hosono: Just half a year after
you went to the U.S.?

Yau: Yes.

Hosono: That's quite amazing
for us.

Yau: No, it was just exciting.
So I found it interesting.

Encounterd the Calabi
Conjecture; Not Believed It
Could be True for a Long
Time

Hosono: Good. After that,
you encountered Calabi

conjecture.
Yau: Right. In the first year, |
spent a lot of time studying
Riemannian geometry
including this thing that | just
mentioned, but | also studied
complex manifolds and there
were some seminars | went
to and then | decided | would
ask Shiing-Shen Chern to
be my advisor; he was on
leave the first year. When he
came back, I said “I want to
be your student.” He agreed
and | started to spend most
of my time studying complex
manifolds.

Then, | also spent my time
in the library and | looked
up some of the papers
written by Eugenio Calabi.
He mentioned this as the
Calabi conjecture. This was
fascinating to me because
| was taking a course in
general relativity and | looked
at Einstein’s field equation
describing geometry in terms
of Ricci tensors. | found it
interesting because the Ricci
tensor only represents part
of the curvature, and yet in
physics it means matter. So,
I said “If there is no matter, |
wonder whether there will be
gravity.” Well, this means in
a Ricci curvature you can see
whether there is still nontrivial
gravity. This was very difficult
to understand in just purely
Riemannian geometry. Then, |

looked at this paper by Calabi.
He asked, even gave a way, to
try to understand this problem
in a special class of manifold
called Kahler geometry. |
found it fascinating because
now | felt it would help me

to understand Ricci curvature
much better.

I was extremely excited
about it because | studied
Riemannian geometry at the
beginning, but with Ricci
curvature, | didn’t know
how to study it or what to
do. But this gave me a way
to understand it. After that,

I wanted to understand

this problem. But, at that
time there were almost

no examples, basically no
examples of such manifold.
Then, Calabi proposed that
you can find a huge number
of them by making use of
algebraic geometry. Nobody
believed that it could be true
because it was just too good
to be true. And perhaps |
myself also didn't think that it
could be true. | was struggling
to try to see whether it was
true or not for a long time.
Hosono: Do you mean at first
you didn’t believe it?

Yau: For quite a long time

I didn’t believe it. Many of

my friends are very brilliant
geometers, but none of them
believed that it was true.
Hosono: None of them?

Kavli IPMU News No.33 March 2016

Yau: Right.

Hosono: That was the first year.
Yau: It was the first year
when | learned about this
problem. On the other hand,

| felt it was such an essential,
important question that it
had to be solved one way or
the other. If it was not true, |
should find a counterexample.
If it was true, it would be
great. At that point, | really
believed that it would be the
greatest theorem to prove it
is true, but | didn't believe it
could be true.

Hosono: Eventually you came
to the conclusion. | mean you
completed the proof.

Yau: Oh, it took a long time.
Hosono: That means the
problem was so difficult.

Developed Geometric
Analysis, the Basic Idea
to Understand the Calabi
Conjecture

Yau: Yes. Actually, Calabi

told me later, when he was
trying to solve this problem, a
famous mathematician, one of
the greatest mathematicians
in the 20th century, André
Weil told Calabi that the
major tools to understand, or
to solve this problem were not
there yet. It was premature to
solve this problem because
the tools were not there.
Indeed, when | tried to solve
the problem in a positive

way (at the beginning |



tried really hard to give a
counterexample, and when

| decided it was probably
true) | needed to build up the
fundamental tools to solve it.
Nowadays everybody looks at
it and says it's almost trivial,
but before that, people were
not even doing a differential
equation on the manifold and
people were just solving an
equation in a domain. But |
was working on my manifold
to develop all the basic tools
in order to solve it. That

took quite a while. But | had
some good friends like Shiu-
Yuen Cheng and also Richard
Schoen and Leon Simon, and
we were working together. All
these are very good friends.
We started to understand
what geometric analysis
means on a manifold. At the
same time, we developed a
subject which is now called
geometric analysis. This was
the basic idea needed in order
to understand the Calabi
conjecture.

Hosono: | see. How many
years did you spend on the
problem?

Yau: To solve it?

Hosono: Yes. Originally you
thought you would disprove it.
Yau: From 1970 to 1973,
1973 around September to
November | thought it was
wrong, and | tried to give

a counterexample. Starting

around November, | decided
it must be right. | was
struggling to try to give a
counterexample. | announced
a counterexample in a big
conference in Stanford, 1973,
and then it was found to be
wrong. | felt very bad about
it because | had made a big
announcement and it turned
out that it was wrong. |
spent 2 weeks, basically day
and night, without doing
anything, just trying to give a
counterexample. Every time

| gave a counterexample,

it failed in a very delicate
manner, so | felt it cannot

be that delicate unless God
had fooled me; so it had to
be right now. | changed my
mind completely, and then

| prepared everything to

try to solve it. From the fall
of 1973, I solved it after 3
years, in 1976. So, 3 years

of preparation and doing
estimate by estimate.
Hosono: | see. All the
necessary stuff you prepared.
Yau: Studying and preparing
the tools.

Hosono: | see. It's very
interesting. In 1982, because
of that theorem you were
awarded the Fields Medal,

at the same time with Alain
Connes and William Thurston.
Yau: Yes.

Hosono: What is very
interesting to us is that

a historically big event in
physics, a breakthrough

in string theory, occurred
soon after. What was the
situation? | mean what was
the communication between
mathematicians and physicists
around that time?

Calabi-Yau Manifolds Met
String Theory in 1984

Yau: Actually, starting in

1973 in a big conference in
Stanford, | met some physicists
who gave a talk about
general relativity. They posed
some questions about gravity,
which is called a positive mass
conjecture. It turned out that
it was an old problem starting
from Einstein to prove that
Einstein’s equation is stable.
That means the total energy
of spacetime is actually
positive with the assumption
of what Einstein laid out; if
the total mass were negative,
the system would be unstable,
and the whole universe would
not hold together. It was a
fundamental question to
answer so as to make sure
that that cannot happen. It
was a beautiful question in
geometry by itself. | worked
on that until around 1977

to 1978, and we solved it.

I solved it with my former
student Schoen. We solved

it together. | had known

him from Berkeley. Because

of that I had been in close
contact with people studying
general relativity. That was
after the Calabi conjecture.
In fact, in 1979, | went to
Princeton where many people
were interested in general
relativity. Famous physicist
Malcolm Perry and many
others were there, and after 1
year | became a faculty in the
Institute of Advanced Study
and then | had postdocs,

my first postdoc was Gary
Horowitz. | invited him to
come as a postdoc in general
relativity. Then, in the same
year, | also met Andrew
Strominger. After a year, Ed
Witten came and showed
me how to give a different
proof of the positive mass
conjecture. All of them were
there. | said | constructed this
manifold which is now called
the Calabi-Yau manifold. |
said, “To me it's motivated by
physics. You know, vacuum
still has gravity. This must be
useful for physics.” But, at
that time it had not matured
enough in physics. So nobody
believed that it was true. It's
interesting.

In 1984, | was still in the
Princeton institute, but |
visited my wife; my wife
worked in San Diego at that
time. San Diego is beautiful,
and | was in her office which
looks out over the beautiful

Interview



blue ocean. | received a
phone call from them; from
Horowitz, Strominger, and
Witten. They said “It's exciting.
We are developing a new
subject of quantum gravity;
it's called string theory. This is
great, but we need to know
one thing for the vacuum
solution — because we are
building a model vacuum.
What kind of manifold is it?
A six-dimensional manifold
meets all the conditions.

Well, somehow you have
mentioned something close
to the truth but we are not so
sure.” They asked me whether
I know how to do it, and | said
“This is exactly what | told you
before. That's exactly what |
can do.” So they were very
pleased. In fact, Ed Witten
wanted to know much more.
So he flew from Princeton to
talk with me for one day. We
had a very good conversation
for the whole day. Then, in
the same year, 1984, there
was a big conference on
string theory at the Argonne
Laboratory in Chicago. | went
there and | met many more
people who were very excited
about the subject. | started

to get much more interested
in Calabi-Yau manifolds after

that. Before that, we actually
did not know many examples;
on the other hand when the
physicists joined, it became a
big industry and | started to
construct many more Calabi-
Yau manifolds for them. At
one point, | said that there are
at least 10,000 of them; they
were somewhat disappointed.
At the beginning they
thought there are only 3.
Hosono: Only 3?

Yau: Yes. Then, | told them
there are many more. But,
anyway after that we became
much closer in developing the
properties of these manifolds.

Mirror Symmetry of the
Calabi-Yau Manifolds
Discovered around the End
of the 80s

Hosono: | see, it's interesting.
So, in any case, activities for
string theory had started.
Around the end of the 80s,
one of the big discoveries
was the mirror symmetry of
Calabi-Yau manifolds. Right?
Yau: Right.

Hosono: Mirror symmetry
seems to be strange for
mathematicians. What did you
think about it?

Yau: Oh yes. Starting in 1984,
we were interested in Calabi-
Yau manifolds. We were

exploring the construction;
exploring some properties of
them. Postdocs and all of us
were talking together. We
made some progress. Around
1988, | moved from San Diego
to Harvard, and in 1988 there
was a young guy called Brian
Greene, who is now of course
very popular. He became a
postdoc. We talked about

the Calabi-Yau manifold, we
wrote some papers, and the
study was going quite well.
Suddenly, one day he came to
my office. He said, “I think that
each Calabi-Yau manifold has a
mirror.” | thought about it and |
said, “That cannot be true.”
Hosono: Oh, you said that
cannot be true?

Yau: Yes. That was a mistake
because most of the Calabi-
Yau manifolds we constructed
had a negative Euler number.
So I said, “This is not
symmetry because a mirror
manifold means that the Euler
number has a different sign,
but there are more negative
Euler numbers than positive
Euler numbers.” But, then |
was wrong because | did a
calculation just on a piece of
paper and it's not so easy to
do a large-scale calculation.
Then, Philip Candelas and his
co-authors did a large search
based on a computer, and
they found a diagram which
is symmetrical.
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Hosono: Yes, the famous
diagram.

Yau: We started to have a
good hint about what was
going on, and then Brian
Greene and Ronen Plesser,
who was a student of
Cumrun Vafa, developed the
theory of mirror symmetry
on a special class of manifold
called the Gepner model.
They were based on physical
intuition and physical
reasoning on symmetry. They
actually proved “in a physical
way" that a mirror for the
quintic is good and verified
some interesting examples,

| mean, properties that are
good. | was convinced that it
looked very good, and what
I'd said was wrong. But, the
most amazing thing is the fact
that Candelas, actually after
1 year of calculation, said
that they got a really precise
calculation of the mirror
conjecture — starting with a
conjecture, they did a lot of
interesting calculations which
was amazing to me.
Hosono: Calculations for the
famous quintic?

Yau: For the quintic, yes.

The instanton correction (to
Yukawa couplings), which
turned out to be beautifully
done. | was extremely
impressed by that.

Hosono: And then, soon after
the work by Candelas et al.,



there was a development.

Berkeley Conference, a

Big Turning Point for the

Development

Yau: Right after that time,
Isadore Singer asked me
something without knowing
about this mirror symmetry.
He said that there would be
some kind of special program
on mathematical physics at
the Mathematical Sciences
Research Institute in Berkeley.
He asked me to go there to
organize something. | told
him something suddenly
occurred, namely the mirror
symmetry calculation, and

I thought it would be very
good to have a conference
on this. Both physicists and
mathematicians should come
together and communicate
among themselves to see
what should be done and
what should not be done.
We changed the original plan
which was for another subject
on mathematical physics
mostly on gauge theory at
that point. Singer was more
interested in gauge theory
at that point. We turned
that into a mirror symmetry
conference. That was the first
conference that we had.
Hosono: | think after
that conference many
mathematicians changed their
attitude.

Yau: That was a very dramatic
conference because | decided
something. After talks, which
were rather formal, people did
not communicate that much.
So, one night, after dinner, |
called physicists to come and
algebraic geometers to come.
We spent 2 hours discussing
things. The most dramatic
thing was that the calculation
of the instanton number,
calculation that Candelas
and his group came up with,
turned out to be different
from the calculation given
by two algebraic geometers
in Norway. There was a big
discrepancy. Then, there
was a big debate because
algebraic geometers thought
that everything they did was
SO rigorous, every step was
done right, and there could
not be any mistake in their
calculation. They started
humiliating Candelas and
others, saying your ideas
cannot be true.

| remember very well
that physicists were actually
much more humble because
of their normalizations in
the Yukawa couplings and
everything. | talked with Brian
Greene and | talked with
Candelas. We looked at all
the possible normalizations
and everything that seemed
to be fixed, and we couldn'’t
find any problem at the end

of that. We were very puzzled,

wondering what's wrong. We
thought something had to
be fixed, but we didn’t know
how to fix it. The conference
ended up with something
puzzling. We all went home.
After a couple of months, it
was great because our two
colleagues from Norway who
were very honest sent us a
letter saying that the program
they used (they needed a
computer program to do the
calculation), the program
they’d developed, had a

gap, something wrong, and
after fixing that they came
up with exactly the number
that Candelas had. This is
not a simple quiz — because
the number is a big number
and they were exactly the
same. Now, it became very
convincing to our algebraic
geometers friends that

there was something in the
physics of this calculation.
Immediately, many algebraic
geometers, especially David
Morrison who was very critical
of the calculation at the
beginning---

Hosono: Was he critical?
Yau: Oh extremely critical.

He said “You guys cannot

be right,” but after that he

turned 180 degrees and

he very faithfully started
supporting this whole subject.
And he has made a huge
number of contributions since
then. Especially, he started

to work with Brian Greene
who is a very good writer in
the first place. After being

my postdoc, | recommended
Brian Greene to go to Cornell
and he was in Cornell. Then,

I think Morrison went to
Cornell to work with him and
started to understand what is
going on. Brian Greene later
went to Columbia. | helped
him to get a job there and
since then he has become
very happy.

Hosono: Good. That
workshop must be a very

big turning point for the
development.

Yau: Oh yes. After that both
Greene and Morrison, and
Candelas kept on doing very
good works. And then, people
started to work on it — many
people started to look at the
problem.

Hosono: After that people
tried to understand what
mirror symmetry is and

now there are two major
ways to understand mirror
symmetry. One of them is

Interview



your construction, named
SYZ (Strominger-Yau-Zaslow)
mirror construction. That's
very attractive and seems to
be very promising, but still
very mysterious.

Yau: Right.

Hosono: What do you expect
for future developments or
what do we need to make
developments?

Physical Intuition Helped
Mathematicians Understand a
Geometric Subject; Otherwise
It Would Be Impossible

Yau: We were always
interested in mirror symmetry;
you came and Albrecht Klemm
came in early 90s. The SYZ
construction somehow was
related to the brane theory
which Joe Polchinski and all
these people developed. | was
talking with Eric Zaslow who
was my postdoc. Then | was
visiting Trieste actually, and

in Trieste Ed Witten asked
me, “Andy Strominger and
(Katrin) Becker and (Melanie)
Becker just came up with

this supersymmetric cycles

in a Calabi-Yau manifold.

We are not sure that is the
right thing, but could you
give an opinion? What do
you think?” He said, “Andy
has been talking for quite

a while about trying to get
such a cycle, but this time
seems to be interesting.” He
wrote down whatever — he

would draw on a blackboard
what it looks like. I said “This
looks very good. | mean this
is a minimal submanifold.”

| have been working on
minimal submanifolds for a
long, long time. These are
special Lagrangian cycles.

At that point, it was called
supersymmetric cycles
because we didn’t know (and
I should have known, but |
forgot) some of this work was
done independently by Blaine
Lawson and Reese Harvey
many years ago. But they had
no idea what it meant for
physics. In the brane theory
developed by Strominger and
Becker and Becker, they did
not know that this happened
before. So | suggested it
looked very good, and once
you should look in it.

Then, when | came home,
Strominger came to visit.
Harvard was thinking to make
an offer to him. He did very
important work on conifold
transition of black holes at that
time. He came to my office and
we had a long discussion about
what it is and we decided
from the point of view of the
brane theory there should be
a mirror which is constructed
using the brane duality. So we
came up with this idea of the
SYZ construction; the T-duality
would be the right one. It was
good in many ways because

the time was just right and
then brane theory developed.
We felt that was the right
thing.

I am very excited about
it because it is geometric
interpretation of something
and | always like to see
geometry and physics mixed
together anyway. But the
problem of course is that in
the whole development there
is always some quantum
correction, which takes a lot
of intuition to build on. This
guantum correction has been
always important and yet not
understood and it keeps on
giving some hints about what
is simply true and what is to
be done. But it's never precise
mathematically. So we keep on
developing some mathematics
to understand it; each time
we are going the right way,
basically we see some very
interesting mathematics that
come up from that. Each
time the mathematics comes
out to be right and supports
this conjecture. | think up till
now there have been many,
many accumulated supporting
effects.

| must say | was very
surprised and very happy —
physical intuition helped us
to understand a geometric
subject which otherwise
would be impossible to
understand because many of
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the problems had someone
to do with a singularity.

The SYZ fibration has many
singularities and up till now
we still don’t know how to
deal with it. But somehow the
quantum field theory basically
says that although there is a
singularity that should be fine,
intuitively. The calculations
always come out to show
there is some way that we
can overcome the problems.
We are still very excited
about it and now much more
progress has been made

on the homological mirror
symmetries (HMS) proposed
by Maxim Kontsevich. | think
these two approaches will mix
together and hopefully it will
give very good intuition. A
mathematical proof of some
important statement will
come up from the merging of
these two approaches, | think.
As | said, many interesting
beautiful mathematics

have emerged from this
understanding; some of them
were totally surprising to

me when they came up and
what's even more surprising

is when we can actually prove
that it's true.

Hosono: Yes, that's

right. Somehow from

the mathematics side
mathematicians developed,

| mean, for example, Harvey
and Lawson developed a



theory for special Lagrangian
submanifolds and, on the
other hand, physicists got the
idea of brane or something
like that. Then you connected
those two ideas into the same
thing.

Yau: That's very good, | think.
Hosono: This is actually the
question that I would like

to ask you. My question

is whether this is a typical
example of the relation
between mathematics and
physics. If you looked at those
two subjects, there was no
difference between the two
for a long time in the history.
But, in the 20th century
somehow those two subjects
went in different directions.
Yau: At the beginning, yes.
Hosono: But somehow the
string theory suggests us
something, though | don’t
know exactly what it should
be. What do you think

about the relation between
mathematics and physics?

Need to Build Geometry
That Can Understand
Quantum Gravity in the 21st
Century

Yau: | think it's fascinating. |
mean it’s always a subject that
many great mathematicians
tried to understand both

sides and get ideas from both
sides to make some advance.

I think in the 21st century,

we need to build geometry

that can understand quantum
gravity, something very big,
which is governed by gravity,
by Einstein’s equation and
something very small, which
is governed by quantum
mechanics. Of course, the
major question then is
something Einstein wanted
to solve. But | think having
just physicists is not enough,
we need good geometers;
and having just geometers
is not good enough because
we need extremely deep
physical intuition. | think we
are building the theory more
and more on both sides, and
hopefully at the end we can
have a bridge.

But right now | think it
is still not mature enough
to build out right quantum
geometry, because we don't
understand many important
questions like the Calabi-
Yau manifold and many,
many details. And on the
physics side, also there are
many things we still don't
understand; | mean, black
holes which create a lot of
paradoxes and all that we still
need to understand. | think
maybe after 20 or 30 years
we will understand much
more; we will see a bridge in a
clearly ordered view. | believe
that will be the goal of many
mathematicians and physicists
put together. This will involve

many subjects, | mean,
algebraic geometry, analysis,
representation theory, number
theory from the geometry
side, and from the physics
side, of course, many ideas
from quantum field theory
and from statistical physics,
from many, many different
subjects. So it will be a merger
of many, many subjects; not
just one subject. It will involve
many, many people. Not

just one single person can
understand all. | think this is a
beautiful, important period of
time in history.

Hosono: Yes, that's right.
Finally, as you know, IPMU

is an abbreviation of the
Institute for the Physics and
Mathematics of the Universe.
Based on your experience,
could you give us some
words for the people doing
research related to physics
and mathematics?

Yau: | was there in the very
beginning (in the opening
symposium in 2008), when
they were building up the
center of the subject and |
was very excited about it. |
think it's very good and even
essential and important for
mathematicians, physicists,
astronomers to come
together, and listen to each
other to develop theory. We
need to have strong curiosity,
and inspire each other. As for

me, for example, | liked going
to a physics department to
listen to seminars. Although
most of the seminars | couldn’t
understand, after 10 times |
started to get something and
that something could be very
useful for my development

in mathematics or even to
physics eventually. | think
people should be patient and
not say ‘I cannot solve this
problem today. So | am giving
up.” That's not right, because
it’s just like language. After
you listen to some language
for 1 year, you will know how
to speak it. It's the same kind
of problem. Going to a physics
department we have to

know the language and vice-
versa, and mathematicians
produce many things which
are exciting for nature and
vice-versa. | think we should
understand each other. | hope
people in the institute will do
the same thing.

Hosono: Thank you very
much. The words from you,

a great mathematician

who has experienced the
great interplay between
mathematics and physics in
the last 50 years, will have a
big influence on the people in
the institute and for all of us.
Thank you very much for this
interview.

Yau: You are welcome. Thank
you.

Interview



Workshop Report

10th Asian Winter School on Superstring

Theory

Hirosi Ooguri

Kavli IPMU Principal Investigator

Since 2007, the Asian Winter
School on Superstring Theory has
been hosted in turn by Japan, China,
India, and Korea. It was initiated by
researchers of the four countries
during the Strings 2003 conference
in Kyoto, to offer opportunities
of professional growth for young
researchers in the Asia region and
to enhance their interactions and
collaborations within the region. As
the result, the 1st Winter School was
held in Korea in 2006. This year, the
10th School was co-hosted by the
Kavli IPMU and the Okinawa Institute
of Science and Technology Graduate
University (OIST) and held at OIST
from January 6 to 16.

There were nine courses of lectures
on subjects ranging from fundamental
issues in superstring theory and
quantum field theory to applications
of superstring theory to cosmology,
particle physics model building
and phenomenology. Each lecturer
representing a forefront of each area

gave four x 75 minute lectures. At the
end of each day, we had a discussion
session for students to ask questions
to lecturers and for the lecturers to
expand on topics discussed in their
lectures. The lecturers and their titles
of their courses are:

Miranda Cheng (University of
Amsterdam) “(Mock) Modular Forms
in String Theory and Moonshine”; Ron
Donagi (University of Pennsylvania)
“Super Riemann Surfaces and
Supermoduli Spaces”; Rajesh
Gopakumar (International Center for
Theoretical Sciences, India) “Higher
Spins and Strings”; Daniel Harlow
(Harvard University) “The Emergence
of Bulk Physics in AdS/CFT”; Seok
Kim (Seoul National University) “5d
and 6d SCFTs"; Slava Rychkov (CERN
and University of Paris VI) “Conformal
Bootstrap’; Gary Shiu (University of
Wisconsin and Hong Kong University
of Science and Technology) “Inflation
in String Theory”; Jaroslav Trnka
(California Institute of Technology)
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“Scattering Amplitudes”; Angel Uranga
(Instituto de Fisica Tedrica UAM-CSIC)
“String Phenomenology.”

Lecture notes and reading materials
have been posted on the School
website to help students learn more
on these subjects (https:/groups.oist.
jp/jalaws/lecturers).

Initially, we were planning to accept
80 graduate students and postdoctoral
fellows. It turned out we received more
than 200 applicants, and we expanded
the size of the School. In the end, 91
students attended the School. They
were 41 from Japan, 21 from Korea,
14 from China (including Taiwan), 9
from India, and 6 from US and Europe.
To give opportunities for students to
present their research results, we had
two “Gong Shows,” with 5 minute
oral presentations. 31 students made
Gong Show presentations (https://
groups.oist.jp/ja/aws/gong-show).

In addition, we set up poster boards
outside of the Auditorium for students
to make poster presentations during



coffee breaks.

Over the past 10 years, the Asian
Winter School has contributed
significantly in education, exchanges,
and collaborations of young
researchers in the Asia region. We
thank the Kavli IPMU and OIST for
administrative and financial supports
and OIST for use of its facility for this
10th School. We also acknowledge
financial supports from Sokendai and
APCTP in Korea. Student volunteers
from Osaka University and KEK also
helped us run the School smoothly.

In recognition of the success of
the Asian Winter School over the
past 10 years, the Kavli Foundation
has decided to support the School
by providing an annual fund to cover
a majority of the cost of the School,
ensuring its stable future. We are
grateful to the Foundation for its
support to our effort to educate and
mentor future generations of theorists
in Asia.

Workshop



Workshop Report

Berkeley Week @ IPMU

Yasunori Nomura

Professor, Department of Physics, University of California, Berkeley

and Kavli IPMU Visiting Senior Scientist

This workshop was held in the
framework of the program for
Strategic Partnership between the
University of Tokyo and the University
of California, Berkeley. We invited 4
postdoc researchers from Berkeley
to enhance interactions between
researchers in the two institutions
and 3 students to help organizing the
workshop. The workshop consisted
of 3 days of talks, on 3/22 (Tue), 24
(Thu), and 25 (Fri), and a reception
in the evening of 22 Tuesday. The
subject of the workshop was about
future of particle physics. Young
researchers presented what they
consider most interesting. Audience
included students at the University of
Tokyo, senior faculty members at the
Kavli IPMU, Hongo campus, ICRR, KEK,
and University of California, Berkeley.

From the Kavli IPMU side, Masaki
Yamada, Kazuya Yonekura, Koji
Ichikawa, Michihisa Takeuchi,
Hajime Fukuda, and Kyohei Mukaida

20

presented talks. Yamada discussed the
possibility of building cosmologically
safe QCD axion models using
monopole condensation. Yonekura
presented strongly coupled field
theories which may be interpreted

as U(1) gauge theories with massless
magnetic monopoles and electrons.
Ichikawa discussed the future dark
matter halo survey of the dwarf
spheroidal galaxies and effect of the
foreground stars. Takeuchi talked
about probing new physics in the top
Yukawa sector. Fukuda presented a
model which realizes a heavy visible
axion, instead of usual light invisible
axions. Mukaida discussed the fate of
our electroweak vacuum during the
preheating era after inflation.

From the Berkeley side, Daniele
Bertolini, Yonit Hochberg, Thomas
Melia, and Keisuke Harigaya gave
talks. In addition, Eric Kuflik from
Cornell presented his work. Bertolini
discussed a method of doing precision
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cosmology using effective field theory
of large scale structures. Hochberg
presented the idea of detecting light
dark matter using superconducting
detectors. Melia described a method
of figuring out operator basis

in effective field theories using
conformal algebra. Harigaya presented
a model in which dark matter of

mass of order 10 MeV - 1 GeV is
obtained from a light chiral sector.
Kuflik discussed displaced vertices at
the LHC, especially in the context of
R-parity violated supersymmetry and
neutral naturalness.

The topics covered by the
workshop spanned a wide range of
particle physics and cosmology. There
were lots of interesting and lively
discussions, helping attendees to have
new visions on various problems. The
workshop was highly successful, and
we hope to have similar programs in
the future.



Kavli IPMU Signs MOU with The
Institute of Statistical Mathematics

The Institute of Statistical
Mathematics (ISM) and the Kavli
IPMU agreed to broaden research
collaborations during an MOU signing
on January 5, 2016. Kavli IPMU
Director Hitoshi Murayama, Professor
Naoki Yoshida, and ISM Director-
General Tomoyuki Higuchi were
present on the day. Both institutes
have already been collaborating on a
Japan Science and Technology Agency
CREST (Core Research for Evolutional
Science and Technology) project
“Statistical Computational Cosmology
with Big Astronomical Imaging
Data” (Research Director: Naoki
Yoshida), which started in October
2014. The new partnership will
drive development of a new field of
statistical computational cosmology.
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Kavli IPMU Director Murayama and ISM Director-
General Higuchi signing the MOU, with the presence
of Professor Yoshida.

Kavli Foundation Science Program
Team Visits Kavli IPMU

Kavli Foundation Executive Vice
President and Science Program team

leader Miyoung Chun, and Science
Program Directors Christopher Martin
and Sharif Taha visited the Kavli IPMU
on January 18, 2016. The guests
first heard 30 minute presentations
from Kavli IPMU Professor Masashi
Hazumi, Professor Masahiro Takada,
Professor Mark Vagins, and University
of Tokyo's School of Science Associate
Professor and Kavli IPMU Scientist
Yuji Tachikawa. Following this, five
minute presentations were given
by Kavli IPMU Postdoctoral Fellows
Teppei Okumura, Dulip Piyaratne, Ran
Huo, Yuki Moritani, James Wallbridge,
[tamar Yaakov, and Lluis Magro.

The guests enjoyed taking part
in tea time before listening to Kavli
IPMU Director Hitoshi Murayama’s
talk about the latest developments at
the institute, and ending with a dinner
with researchers.
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Masashi Hazumi presenting research activities.

Researchers Find Galaxy Cluster
Environment Not Dictated by Its
Mass Alone

An international group of
researchers including Kavli IPMU
Assistant Professor Surhud More,
Professor Masahiro Takada, NASA
Jet Propulsion Laboratory / California
Institute of Technology Researcher
Hironao Miyatake (formerly a JSPS
Fellow at the Kavli IPMU), and
Princeton University Professor and
Kavli IPMU Principal Investigator
David Spergel divided almost 9000
galaxy clusters from the Sloan Digital
Sky Survey DR8 galaxy catalog into
two samples based on the spatial

distribution of galaxies inside each
cluster (on an order of 1 million light
years scale).

By using gravitational lensing
they confirmed the two samples
have similar masses, but that the
distribution of clusters was different,
and the difference is a result of the
different dark matter environment in
which they formed. Galaxy clusters in
which member galaxies bunched up
towards the center were less clumpy
than clusters in which member
galaxies were more spread out. They
found the total amount of dark matter
extending to an order of 100 million
light year scale around the member of
the former sample of galaxy clusters
was about 1.5 times less than that
around the member of the latter
sample.

Their findings showed for the first
time that the connection between a
galaxy cluster and surrounding dark
matter is not characterized solely by
the mass of clusters, but also by their
formation history. The results were
published in Physical Review Letters
on January 25, 2016 as an Editor’s
Suggestion.

Magnetar Could Have Boosted
Explosion of Extremely Bright
Supernova

A group of researchers led by
Melina Bersten, Researcher at Instituto
de Astrofisica de La Plata, Universidad
Nacional de La Plata in Argentina and
Kavli IPMU Visiting Associate Scientist,
and including Kavli IPMU Principal
Investigator Ken'ichi Nomoto, tested
a model that suggests that the energy
to power the luminosity of two
recently discovered unusual super-
luminous supernovae, SN 2011kl
and ASASSN-15Ih, is mainly due to
the rotational energy lost by a newly
born rapidly rotating and strongly
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magnetized neutron star called a
magnetar.

For more details, see page 26 of
this issue of the Kavli IPMU News.
The group’s paper was published
in Astrophysical Journal Letters on
January 20, 2016.

Honors at the 2015 UTokyo
President’s Special Award for
Operational Improvement
For their part in improving
international researcher support,
Kavli IPMU International Relations
and Researcher Support Section
members, Rieko Tamura and Hisami
Kuboshima, were commended at the
2015 University of Tokyo President’s
Special Award for Operational
Improvement on December 18,
2015, held at the Yasuda Auditorium
on the university’s Hongo campus.
Tamura and Kuboshima were part of
a strategy team led by Midori Ozawa,
Specialist at the International Affairs
Department’s International Planning
Group, and including two members
from that Group. The team developed
a website designed to help university
staff and overseas researchers
understand the paperwork needed
when coming to Japan. The website
uses many features used at the Kavli
IPMU, and it is hoped these will spread
across the university and improve
globalization.
The team leader Midori Ozawa

served as Head of the Kavli IPMU

University of Tokyo President Gonokami (front row
center) and all the recipients of 2015 University
of Tokyo President’s Awards for Operational
Improvement
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International Relations and Researcher
Support Section since its launch in
October 2007 to March 2014.

Nobel Prize in Physics
Commemorative Lectures for the
UTokyo Students and Personnel
Around 600 students and university

personnel crowded into the University
of Tokyo’s Yasuda Auditorium in

the evening of January 18, 2016, to
commemorate Institute for Cosmic
Ray Research Director and Kavli IPMU
Principal Investigator Takaaki Kajita
on receiving the 2015 Nobel Prize in
Physics. The event was broadcast live
to a total of five places on the Hongo,
Komaba, and Kashiwa campuses and
the Kamioka Observatory. University
of Tokyo President Makoto Gonokami
started by announcing Professor
Kajita would be the fifth person in
the university’s history to be given

the title Special University Professor/
Professor Emeritus. Following this
was a talk by Kavli IPMU Director
Hitoshi Murayama titled “Our Father,
Neutrinos,” and another by Professor
Kajita titled “Discovery of Neutrino
Mass.” Professor Kajita made it a
personal presentation, describing

the moment he realized his analysis
of Kamiokande’s atmospheric
neutrino data was indicating

neutrino oscillations, to moving from
Kamiokande to Super-Kamiokande,
and finally discovering neutrino
oscillations. To finish the night,
Professor Kajita was given a bouquet
of flowers, and a special message
board representing Super-Kamiokande
and filled with messages from fellow
faculty members and students.

Kavli IPMU Opens “Takaaki Kajita
Nobel Prize Commemorative
Lecture Series”

As part of the University of Tokyo’s
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celebrations in commemorating
Takaaki Kajita’s Nobel Prize in Physics,
the Kavli IPMU hosted a public event
titled, “Where do we come from? -
Beyond the Nobel Prize in Neutrinos”
at the Yasuda Auditorium on March
27,2016.

About 470 people came to hear
about the latest developments in
neutrino research from a theoretical
and experimental perspective, with
Kavli IPMU Director Hitoshi Murayama
talking about “Neutrinos as our father
who protected us from a complete
annihilation,” and Professor Mark
Vagins talking about “Supernovae
as our mother who gave birth to the
elements of nature.” The audience
was most excited when Professor
Vagins explained how last year,
permission was granted within the
Super-Kamiokande collaboration to
inject gadolinium into the Super-
Kamiokande’s pure water in order
to begin a new project to detect
supernova relic neutrinos. The event
was a great success in introducing the
future of research in the field.

The next lecture in this event series
will be cohosted by the School of
Science and the Institute for Cosmic
Ray Research on April 24.
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Mark Vagins giving a talk.

Kavli IPMU and ELSI Host Joint
Public Lecture “Question of Origins”
For the first time, two WPI (World
Premier International Research Center
Initiative) centers studying “origins,”

the Kavli IPMU and Tokyo Institute
of Technology’s Earth-Life Science



Institute (ELSI), hosted a public event
presenting the latest developments in
research, and discussing the question
about origins using philosophy.

WPI Program Director Toshio Kuroki
opened the event on January 10,
2016, where 300 people came to the
Miraikan (The National Museum of
Emerging Science and Innovation)

in Odaiba, Tokyo to hear Kavli IPMU
Director Hitoshi Murayama’s talk “The
Origin of the Universe and the Birth of
Stars,” and ELSI Director Kei Hirose’s
talk “The Origin of Earth and the Birth
of Life,” and lastly University of Tokyo
Center for Philosophy Director Shinji
Kajitani’s talk “Genealogy of Science
and World Views — Historical Meaning
behind Human Existence.” Afterwards,
the three speakers took part in a
round table “What Does It Mean to
Question Origins?” The event ended
with conversations between the
lecturers and the audience.
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From left to right: Kei Hirose, Hitoshi Murayama,
and Shinji Kajitani.

Kavli IPMU Hosts “East and West
Views of the Universe”

The Kavli IPMU lecture hall reached
full capacity on March 20, 2016,
when the institute hosted the public
lecture “East and West Views of the
Universe.” To begin with, University
of California, Berkeley Professor and
Kavli IPMU Visiting Senior Scientist
Yasunori Nomura gave a talk titled,
“Multiverse Theory — The Universe
as Explained by Theoretical Physics.”
Then, Chinese philosophy expert and
Institute for Advanced Studies on

Asia, the University of Tokyo Professor
Takahiro Nakajima gave a talk titled,
“The Ins and Outs of Cosmologia

— Imagination of China’s Theory of
the Universe.” Following the talks,
both speakers discussed the East and
West views of the Universe, and how
physicists and philosophers regard
the cosmos. The day ended with tea
time, where speakers and members
of the audience crowded around one
another with tea and coffee, asking
more questions and discussing ideas.
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Yasunori Nomura (left) and Takahiro Nakajima
(right) discussing.

Taking Part in the AAAS Annual
Meeting

This year’s American Association for
the Advancement of Science (AAAS)
Annual Meeting (February 11 —15)
was held in Washington, D.C. MEXT,
JSPS, and the nine WPI centers took
part in it and jointly hosted the WPI
booth for three days (February 12 —
14) to further promote the research
being carried out at each WPI center
to an international audience. For the
first time, questionnaires were handed
out at the WPI booth in order to see
how much the American public was
aware of the program. The results
revealed that the Kavli IPMU was the
most well-known among visitors.
During three days, the WPI booth
was visited by more than 320 people
including researchers, journalists,
students, and families.

Japanese Class Completion
Ceremony

The Kavli IPMU has been offering
Japanese classes to researchers and

their families. To date, a lot of people
have completed their 40 hours of
Introductory Japanese Course taught
by Kavli IPMU’s Japanese Language
teacher Masami Nishikawa.

This time, four students celebrated
finishing their Japanese classes on
March 29, 2016, and received their
certificates. They are Kavli IPMU
Postdoctoral Fellows David Stark, Luo
Feng, Han Chengcheng, and Kavli
IPMU Academic Support Staff Joshua
Speagle’s fiancée Rebecca Bleich.
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Photo of four Japanese class students having
their certificates, with Japanese Language teacher
Masami Nishikawa (back row, second from the
right) and other attendants.

Kavli IPMU Seminars

1. “Supersymmetric Casimir Energy
and the Anomaly Polynomial”
Speaker: Hee-Cheol Kim (Perimeter
Inst)

Date: Dec 15, 2015

2. “Some Examples of Projective
4-Folds with Primitive
Automorphisms of Positive
Entropy”

Speaker: Keiji Oguiso (U Tokyo)
Date: Dec 21, 2015

3. “Affleck-Dine Sneutrino Inflation
& SU(5) Grand Unification in Pure
Gravity Mediation”

Speaker: Jason Evans (KIAS)
Date: Dec 24, 2015

4. “Exponential Networks and BPS
State Counting”

Speaker: Richard Eager (U
Heidelberg)
Date: Dec 29, 2015

5. “Phenomenology of vectorlike

lepton extensions of the SM or two
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Higgs doublet model”
Speaker: Seodong Shin (Indiana U)
Date: Jan 06, 2016

6. “Four dimensional N=2 SCFT and
singularity theory”
Speaker: Dan Xie (Harvard U)
Date: Jan 07,2016

7. “The role of General Relativity
and stellar tides in few-body
interactions involving stars, neutron
stars, white-dwarfs and black
holes”
Speaker: Johan Samsing (Princeton U)
Date: Jan 07,2016

8. "Homological projective duality for
SymA2 PAR”
Speaker: Jorgen Rennemo (ASC
Oxford)
Date: Jan 12,2016

9. “Hamiltonian approaches to
strongly coupled quantum field
theory”
Speaker: Slava Rychkov (CERN & U
Paris 6)
Date: Jan 13,2016

10.“Exact quantization conditions for
relativistic integrable systems”
Speaker: Yasuyuki Hatsuda (U
Geneva)
Date: Jan 14,2016

11.“Type II-P supernovae as primary
distance indicators in cosmology”
Speaker: Petr Baklanov (ITEP
Moscow)
Date: Jan 14,2016

12.“Dark Matter Searches with
Neutrinos”
Speaker: Carsten Rotts
(Sungkyunkwan U)
Date: Jan 19, 2016

13.“Wormholes, Emergent Gauge
Fields, and the Weak Gravity
Conjecture”
Speaker: Daniel Harlow (Center for
the Fundamental Laws of Nature,
Harvard U)
Date: Jan 19, 2016

14.“P-functors”
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Speaker: Timothy Logvinenko
(Cardiff U)
Date: Jan 19, 2016

15.“A Charged Membrane Paradigm
at Large D"
Speaker: Mangesh Mandlik (TIFR)
Date: Jan 20, 2016

16.“Physics of extended Higgs sectors”
Speaker: Shinya Kanemura
(Toyama U)
Date: Jan 20, 2016

17."Stars on death row”
Speaker: Sam Jones (HITS)
Date: Jan 20, 2016

18."Contraction algebra and
invariants of singularities”
Speaker: Zheng Hua (U Hong Kong)
Date: Jan 21,2016

19.“Modeling Dynamic Phases
in Stellar Evolution using
Multidimensional Hydrodynamics
Simulations”
Speaker: Philipp Edelmann (HITS)
Date: Jan 21,2016

20."Physics of the early universe
using the measurement of
comics microwave background
polarization and path forward in
next 15 years using a satellite”
Speaker: Tomotake Matsumura
(ISAS/JAXA)
Date: Jan 22,2016

21."Stroll along the Walls with Python
- BPS spectra of supersymmetric
theories”
Speaker: Chan Youn Park (Rutgers U)
Date: Jan 25, 2016

22.“Comparison of LIGO / Virgo upper
limits with predicted compact
binary merger rates”
Speaker: Chris Belczynski (Warsaw U)
Date: Jan 27,2016

23.“Probing the Early Universe:
Innovative Approaches in Millimeter
Wavelength Cosmology”
Speaker: Abby Crites (Caltech)
Date: Jan 28,2016

24."Phenomenology of low-energy
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flavour models: rare processes and
dark matter”
Speaker: Lorenzo Calibbi (Chinese
Academy of Sciences)
Date: Feb 02,2016

25."A new spin on the stellar content
of the Carina dSph galaxy”
Speaker: Giuseppe Bono (U Rome
Tor Vergata / U Tokyo)
Date: Feb 03, 2016

26.“Towards the discovery of CP
violation in neutrinos”
Speaker: Hiro Tanaka (U British
Columbia)
Date: Feb 03, 2016

27."“Constrain Galaxy Formation
Physics from Large-Scale Structure
Measurements and Weak Lensing”
Speaker: Ying Zu (CMU)
Date: Feb 04, 2016

28."The REsolved Spectroscopy Of a
Local VolumE (RESOLVE) Survey
and its Environmental COntext
(ECO) Catalog”
Speaker: Sheila Kannappan (U
North Carolina)
Date: Feb 04, 2016

29."About the structure of the moduli
space of Higgs pairs with nilpotent
residues”
Speaker: Denis Degtyarev (HSE,
National Research U)
Date: Feb 04, 2016

30."Minimal Dark Matter, reloaded”
Speaker: Marco Cirelli (LPTHE)
Date: Feb 05, 2016

31."“A Holographic Study of Chern-
Simons Defects”
Speaker: Charles Melby-Thompson
(Fudan U)
Date: Feb 09, 2016

32."6 vertex quantum integrable
system and cohomology of
Grassmanian”
Speaker: Vassili Gorbounov (U
Aberdeen)
Date: Feb 10, 2016

33."Surface defects as transfer matrices”



Speaker: Junya Yagi (U Warsaw)
Date: Feb 16, 2016

34.“The AdS, x S° String Field Theory
vertex and integrability”
Speaker: Romuald Janik
(Jagiellonian U)
Date: Feb 23,2016

35.“Determinant line bundles,
chiral fermions, and equivariant
cohomology”
Speaker: Xiaoyi Cui (U Géttingen)
Date: Feb 25,2016

36.“Counting open curves via closed
curves”
Speaker: Tony Yue YU (Institut de
Mathématiques de Jussieu - Paris
Rive Gauche)
Date: Mar 01, 2016

37."The Palomar Transient Factory and
the Discovery of Incredibly Young
Supernova”
Speaker: Peter Nugent (LBNL)
Date: Mar 02, 2016

38."Study of double beta decay using
ZnMo0, cryogenic scintillating
bolometers and '"°*CdWO, crystal
scintillators”
Speaker: Cherniak Dmytro (Inst for
Nuclear Research, Kyiv)
Date: Mar 02, 2016

39.“Inflationary Magnetogenesis with
Broken Local U(1) Symmetry”
Speaker: Chunshan Lin (YITP)
Date: Mar 04, 2016

40. “Mysteries in the Bootstrap”
Speaker: David Poland (Yale U)
Date: Mar 08, 2016

41.“LHC 750 GeV diphoton excess
and some interpretations”
Speaker: Jin Min Yang (ITP)
Date: Mar 09, 2016

42.“The wild youth of galaxy clusters”
Speaker: Emanuelle Daddi (CEA-
Saclay)
Date: Mar 10, 2016

43."Future multi-opjects spectrographs
at ESO”
Speaker: Vincenzo Maineiri (ESO)

Date: Mar 11, 2016

44.“Exact results for 5D
supersymmetric theories on toric
manifolds”
Speaker: Maxim Zabzine (Uppsala U)
Date: Mar 15, 2016

45, "Perspectives for Particle Physics
beyond the Standard Model”
Speaker: John Ellis (KCL)
Date: Mar 16, 2016

46."Hydrogen deficient peculiar
supernovae”
Speaker: Devendra Sahu (Indian
Inst of Astrophysics, Bangalore)
Date: Mar 17, 2016

47.“(Lecture 1) Supersymmetry and its
breaking”
Speaker: Nathan Seiberg (IAS)
Date: Mar 21, 2016

48."(Lecture 2) Supersymmetry and its
breaking”
Speaker: Nathan Seiberg (IAS)
Date: Mar 22, 2016

49."Where are we heading?”
Speaker: Nathan Seiberg (IAS)
Date: Mar 23, 2016

50. “(Lecture 3) Anomalies, conformal
manifolds, and spheres”
Speaker: Nathan Seiberg (IAS)
Date: Mar 24, 2016

51.“Large-scale magnetic fields can
explain the baryon asymmetry of
the universe”
Speaker: Tomohiro Fujita (Stanford U)
Date: Mar 24, 2016

52.“(Lecture 4) On gapped boundary
phases of topological phases”
Speaker: Nathan Seiberg (IAS)
Date: Mar 25, 2016

53."“Universal vertex algebras and free
field realisations”
Speaker: Simon Wood (ANU)
Date: Mar 29, 2016

54. “Reheating and Primordial
Gravitational Waves in Generalized
Galilean Genesis”
Speaker: Sakine Nishi (Rikkyo U)
Date: Mar 30, 2016

Personnel Changes

Reappointment

Former Kavli IPMU Postdoctoral
Fellow Wiphu Rujopakarn was
reappointed on March 1,2016

Moving out

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

Kavli IPMU Postdoctoral Fellow
Shamik Banerjee [April 16,2014 —
February 29, 2016] moved to the
Institute of Physics, Bhubaneswar in
India as a Reader-Fuculty.

Kali IPMU Postdoctoral Fellow Kaori
Hattori [July 1, 2015 — March 31,
2016] moved to the National Institute
of Advanced Industrial Science and
Technology as a Researcher.

Kavli IPMU Postdoctoral Fellow
Tadashi Ishibe [April 1,2015 — March
31,2016] moved to the Graduate
School of Mathematical Sciences, the
University of Tokyo as a Postdoctoral
Researcher.

Kavli IPMU Postdoctoral Fellow
Yu Nakayama [September 1, 2015
—March 31, 2016] moved to Rikkyo
University as an Associate Professor.

Kavli IPMU Postdoctoral Fellow Shun
Saito [April 1, 2013 — March 31, 2016]
moved to the Max Plabck Institute for
Astrophysics as a Postdoctoral Fellow.

Kavli IPMU Postdoctoral Fellow
Yasuhiro Takemoto [April 1,2014
—March 31, 2016] moved to the
Research Center for Nuclear Physics,
Osaka University as an Assistant
Professor.

Also, Kavli IPMU Postdoctoral
Fellow Amir Aazami resigned the Kavli
IPMU at the expiration of his term,
from January 16, 2013 to January 15,
2016.
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Super-Luminous Supernovae (SLSNe)

Melina Bersten

Researcher, Instituto de Astrofisica de La Plata, Universidad Nacional de La Plata, CONICET, Argentina,
and Kavli IPMU Visiting Scientist

Super-luminous supernovae (SLSNe) are stellar explosions that overshine normal
supernovae by 10 to 100 times. They are so rare that they were discovered only one
decade ago. Their high luminosity makes them potentially useful to study the early
universe and to measure distances to much further distance than normal events.
However, their physical origin remains elusive. Radioactivity, the main power source
among normal supernovae, cannot explain the large luminosities of most SLSNe. Some
alternative mechanisms have been proposed that explain the extra energy required to
produce a SLSN. The most plausible ones involve a strong shock between the supernova
ejecta and dense surrounding material, or a newly born rapidly rotating and strongly
magnetized neutron star called magnetar. We have recently analyzed two unusual
SLSNe, SN 2011kl and ASASSN-15lh, and found that they can understood in the context
of magnetar-powered SNe.
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Berkeley Week @ IPMU
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