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Director’s Corner

Changing of the Guard

When IPMU was launched back on October 1,
2007, there were no scientists on site. The very first
scientist that arrived a half month later was our
founding Administrative Director Kenzo Nakamura.
He stepped down from his role this April.

Kenzo did an amazing job. He took the
requirements of the WPI program very seriously,
which called for interdisciplinary research
environment, a significant international membership,
and minimum administrative duties for scientists. Even
just one of them poses a significant challenge. He
quickly assembled an army of bilingual administrative
staff members to aid non-Japanese scientists to
settle down and start working quickly and efficiently.
He negotiated hard with the University to create
flexible employment schemes. In fact, without his
persistent work to overcome many challenges with
the system, | could not receive an appointment letter
from then President Komiyama, and most of us
would not be here today! And he even translated my
rusty Japanese to our staffs.

Kenzo was a renowned experimentalist in neutrino
physics. He played a major role to realize the first
long-baseline neutrino oscillation experiment in the
world called K2K, which sent a beam of neutrinos
from KEK to the Super-Kamiokande detector 250
km away. His consistent work on Particle Data Group
demonstrates his service spirit. It is rare to find
such a combination of scientific prowess, service
spirit, political skill, careful management, and strong
devotion. We all owe him a lot.

Actually, Kenzo hasn't left us. He actually still

Director of Kavli IPMU
Hitoshi Murayama

comes in every day, editing this by-now very popular
Kavli IPMU News. Whenever we are not sure about
what to do, he is the wise man to advice us.

But what about his successor? Very fortunately,
we discovered another such rare breed. Tom
Haruyama also came from KEK, and he is a well-
known researcher in cryogenics. He contributed to
many important experiments in fundamental science,
such as XMASS looking for dark matter and KAGRA
trying to detect gravitational wave from merging
black holes. He has a significant management
experience, having served as the Deputy Director of
the Institute of Particle and Nuclear Studies within
KEK and chaired the Cryogenics Society of Japan.
And he is such a joyful person!

We are very lucky to be supported by such
amazing individuals. Thanks to them, we enjoy our
incredible research environment with peace of mind.

Kenzo compiled yet another issue of Kavli IPMU
News that is simply a joy to read. This one features

Director’s
Corner

Kenji Fukaya, distinguished mathematician on
symplectic geometry, discussing connection between
mathematics and physics with our Pl Kyoji Saito.
Taizan Watari describes his research on flavor physics
that involved our mathematician Yukinobu Toda.

You'll enjoy this issue. Thank you, Kenzo!

(Left) Kenzo Nakamura
(Right) Tom Haruyama
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Kavli IPMU Associate Professor Ta |Zan Wata I’I

Research Area: Theoretical Physics

Impact of Large-Mixing-Angle Neutrino

Oscillations

1. Atoms, Electrons, and Mass

Everything that we encounter daily is made of
atoms. There are as many as some hundred species
of atoms, all having different properties. These
different species of atoms are named hydrogen,
helium, carbon, oxygen, iron, copper, silver, gold,
uranium, etc. It is known that all species of atoms
have a structure depicted in Fig. 1, namely, electrons
are circulating around the nucleus which comprises
tightly packed protons and neutrons; the different
properties of different species of atoms such as
carbon, hydrogen, and iron solely originate from
the different number of protons in the respective
nucleus. The properties of various materials such
as chemical changes and superconductivity can be
understood based on the properties of these atoms,
nuclei, and the electron, and in particular, based on
the properties of the positively charged protons and
the negatively charged electrons.

Why, then, the protons and neutrons are tightly
packed on the one hand, and the electrons circulate
around them on the other hand? Actually, the radius
of the nucleus that comprises the protons and
neutrons is about five orders of magnitude smaller
than the electron’s radius of activity. Suppose that
the size of the nucleus is enlarged to 1 cm, then the
electron’s range of activity would be 1 km. Where
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Figure 1. A conceptual diagram showing an atom and a nucleus
inside it. In this figure, the size of the nucleus is illustrated as if

it were about 1/10 of the size of the entire atom, instead of the
actual ratio of 1/100,000.

does this significant difference come from?

Hideki Yukawa’'s meson theory in 1934 was
motivated to find, within the framework of quantum
mechanics, the mechanism that enables the nucleus,
which comprises a number of protons and neutrons,
to be tightly packed. Meson theory claimed that
if there should be a new particle which was yet
unknown at that time, it would do the job, and the
size of the packed nucleus was determined by the
new particle’s mass. It was expected that the new
particle’s mass had to be about 200 times that of
the electron for the radius of the nucleus to be five
orders of magnitude smaller than the electron’s
radius of activity.

" The reason why the meson’s mass should be 2, and not 5, orders of

magnitude heavier than the electron’s mass is that the value of the “strength
of the electromagnetic force” is also to do with the ratio of the nucleus’s
radius to the electron’s radius of activity.

4 Kavli IPMU News No.22 June 2013



Figure 2. The sea wave is described by a single number
—the “wave height”—at each point on the surface of
the sea. On the other hand, the movement of the chord
of a violin is described by the two numbers at each point
along the chord, namely, “the position (or deviation)

in the two directions shown by the red arrows in the
figure.” Therefore, it is described by the wave having 2
degrees of freedom.

2.Discovery of the Muon: “Who

Ordered That!?”

An orthodox method to prove the validity of
meson theory is to show the existence of the
new particle that was called the meson. With the
experimental technique in those days, it was difficult
to create the mesons in the laboratory. There was
a hope, however, that the mesons could be found
among high-energy particles coming down from
the top of the atmosphere. Therefore, experiments
to observe the properties of the fast particles
coming down in the atmosphere were conducted
in the latter half of the 1930’s. Strangely enough,
experiments by Anderson-Neddermeyer, Street-
Stevenson, and Yoshio Nishina did find a new
particle having nearly the same predicted mass of,
but different properties from, the meson. Later,
people celebrated the discovery of the predicted
meson in such experiments and the unexpected new
particle was named the muon for the time being.
Scientists at that time were all puzzled, however.
The muon had exactly the same properties as the
electron such as the charge, etc. Only the muon
mass was different from the electron mass. It was
entirely unknown why such a particle had to exist
and for what it would be useful. I. Rabi, who won
the Nobel Prize in Physics, said: “Who ordered that?”

It looks too simple a question, but even present-

day particle physics does not have an answer at all.”

3. What is the Height of a Wave?

The behavior of the “light = electromagnetic
wave” is determined by the equations for the waves
of electric and magnetic fields. Likewise, the behavior
of the particles such as the electrons, protons, etc. is
determined by the equations for the electron waves,
proton waves, etc. It is quantum mechanics that
gives those equations.

Even though we put aside the question, “Why
a new particle called the muon exists?” for the
time being, it is certain at least that we have to
introduce the “muon waves” newly to describe the
behavior of the particles. What are these waves
of electromagnetic fields, electron waves, proton
waves, muon waves, and so on?

If we are talking about “sea waves,” it is a simple
story. It goes like this: at any given time, at each
point on the surface of the sea, the sea wave is
high/low according to the extent that the height of
the surface of the sea deviates from the mean sea
level. Also, you may not feel uneasy even if there
are different types of waves. For the “waves of the
? There might be a close relationship between the fact that muons exist in

nature and the fact that antimatter scarcely remains in our universe. It is

controversial, however, whether or not it is appropriate to say that it is the
answer to Rabi’s question.
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chord of a violin,” we can interpret the deviation of
the chord in the two directions from its standard
position as the heights of the two different types of
waves as shown in Fig. 2. It is said that the tones
(wave types) of the violin are a bit different depending
on the direction to which the chords vibrate.

As a preparation for thinking on a bit more
complicated example, let me point out that the
behavior of the chord of a violin can be reproduced
by a dynamical model, as shown in Fig. 3-1. If you
hold and shift one of the weights from the “normal
position” and then release it, “2 kinds (2 directions)
of the deviations from the normal position” of the
weight will be propagated into the space (horizontal
axis) through springs. Next, let us consider a bit
more complicated model, as shown in Fig. 3-2. In
this model, a certain dynamical system sits at each
point along the horizontal axis; the adjacent systems
are connected to each other. We now need more
than one number to describe “the deviation from
the stable configuration = that from the normal
position” of the dynamical system at each point.

For the model shown in Fig. 3-2, four numbers
are needed. Therefore, the behavior of this model
is described by using more than one wave. The
guantum mechanical version of such a model is
called quantum field theory.

At present, it is known that if we only make some

Figure 3-1. A dynamical model reproducing the movement
of the chord of a violin. Each weight (blue bead) can move
into the two directions shown by the red arrows. They

are tied to the respective stable position by a spring. Also
every adjacent pair of weights is connected by a spring.

Figure 3-2. A slightly more complicated dynamical model.
A dynamical system sitting at each point is replaced by
what is comprised of the two weights and 3 springs
shown at the right end. This is called a dynamical system
with 4 degrees of freedom, because the configuration of
this dynamical system at each point is described by the
“4 movements (numbers) shown by the red arrows.” The
behavior of this dynamical model as a whole is described
by using 4 kinds of waves.

assumptions on the properties of the “complicated
dynamical system sitting at each point in space”
in quantum field theory, we can explain very well
all the experimental results on the behavior of the
particles such as the electrons, electromagnetic
fields, muons, and so on. In a quantum field theory
model called the Standard Model, we use 58 kinds
of waves, namely, 45 kinds of particles = waves
such as the electron, muon, and so on, 12 kinds
of electromagnetic waves and other waves having
similar properties to them, and one wave called
the Higgs field. Roughly speaking, therefore, the
particle world in our universe is described by, “a set
of dynamical systems, each having 58 degrees of
freedom and sitting at one of the points in space,
and the adjacent systems are connected to each
other (as shown in Fig. 3)”

In the language of quantum field theory, this
means that the question, “Why the particle
called muon is necessary to describe our world?”
can be replaced with the question “Why the
dynamical system sitting at each point in space is so
complicated (multiple degrees of freedom)?” Before
taking on this difficult problem, however, it would be
an orthodox method to ask, “What is the nature of
the dynamical system sitting at each point in space
and giving the description of our world?” Certainly,
it is much more complicated than the dynamical

6 Kavli IPMU News No.22 June 2013



Figure 4-1. Neutron decay. The current
understanding of the neutron is an entangled
state of a u quark and two d quarks. Likewise,
the proton is understood as an entangled state
of two d quarks and a u quark. An isolated
neutron decays spontaneously into three
particles, a proton, an electron, and a neutrino.
(In the figure, the decay reaction proceeds from
left to right.) The reaction essentially results
from the interactions between the quarks,
electron, and neutrino.
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Figure 4-2. In (i), only the quarks directly involved in the neutron decay reaction shown in Figure 4-1 are focused. In nature, it

is known that not only the reaction (i), but also reactions (ii) and (iii) occur. All the reactions proceed from left to right. In (ii), a
reaction is shown in which an antiparticle of the electron disappears after the reaction, instead of the appearance of an electron
after the reaction in (i). The reaction (iii) corresponds to the reaction (ii) if the direction of the time is inverted. As can be seen from
(i) and (iii), the weak interaction is something like the game of “Old Maid” in the following sense. Namely, in the case of reaction
(ii), if one receives a “joker,” one’s complexion changes (the quark changes from d-type to u-type), but at the same time there is
another one who is relieved by passing the “joker” to someone else (the antiparticle of the electron changes to the antiparticle of
the neutrino). A jagged line connecting particles describes the transfer of the joker.

system shown in Fig. 3-2, because it has as many as
58 degrees of freedom! In order to challenge this
question, we have to start with sorting out “what
we can learn from the nature (experiments) about
that dynamical system.” We wish to extract not only
the “degrees of freedom” of the dynamical system,
but also as much information as possible. What can
we learn from various experiments?

4. Weak Interactions and the neutrino

It is known that an isolated neutron is not stable;

in a few minutes it decays into three particles, a
proton, a positron (an antiparticle of the electron),
and a neutrino. It is also known that the neutron
and the proton are bound states of smaller particles
called quarks. According to our understanding

in today’s particle physics, neutron decay is a
phenomenon resulting from the interactions
between the two kinds of quarks, the electron, and
the neutrino, as shown in Fig. 4-1. It is also known
that there are interactions shown in Fig. 4-2 (i) and
(iii) simultaneously with that shown in Fig. 4-1 (or
Fig. 4-2 (i)).
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Figure 4-3. To confirm the existence of a neutrino produced in the neutron decay (at Lab A on the left side),
we detect a neutron (shown in yellow) and an antiparticle of the electron produced in the inverse reaction in
another laboratory (Lab B on the right side). In most of the neutrino detection experiments, a charged particle,
converted from a neutrino by the weak interactions (or, received a joker), is detected.
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Figure 4-4. A muon can appear instead of an electron in the
reaction similar to the one shown in Fig. 4-1. At the same time,
the other particle denoted by (??) appears after the reaction.
This particle denoted by (??) does not have a charge in the
same way as the case of neutron decay.

The neutrino does not have a charge, and it
interacts with other particles only via these weak
interactions. This also means that we must make
use of weak interactions to detect the neutrino. In
fact, the neutrino, which came out from the neutron
decay, was first detected by Reines and Cowan, who
used the inverse reaction shown in Fig. 4-3 in their
experiment in 1959.

In Section 2, it has been explained that a particle
called the muon exists, which has a different mass
but otherwise the same properties as the electron;
they interact with the same forces, and make the

same reactions, with other particles. As for the
force, now it is known that their weak interactions
are also the same. This means that from the weak
interactions of a muon, a neutral particle that has
only weak interactions comes out like the electron’s
case (see Fig. 4-4).

In an experiment in 1962, it was shown that the
particle coming out in association with muon’s
weak interactions is different from the particle
(neutrino) coming out in association with electron’s
weak interactions. It turned out that even if the
particle coming out from the muon hit a nucleus as
shown in Fig. 4-3, it did not (necessarily) cause an
electron to come out via the inverse reaction. From
this experimental fact, quantum field theory, which
has been explained in Section 3, concludes this: in
addition to the 2 degrees of freedom corresponding
to the electron and the muon, the dynamical system
sitting on each point in space has an additional 2
degrees of freedom corresponding to electrically
neutral and only weakly interacting particles. These
additional 2 degrees of freedom are now called the
neutrinos.

8 Kavli IPMU News No.22 June 2013
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Figure 5. Neutrino oscillation experiment. At Laboratory A, an antiparticle of the neutrino is produced together with an
electron. This antiparticle of the neutrino is detected at the very remote Laboratory B. Depending on the neutrino’s energy
and the distance between the two laboratories, either an antiparticle of the electron or that of the muon is detected

at Laboratory B from the weak interactions of the antiparticle of the neutrino. This phenomenon is called the neutrino

oscillation.

5, Neutrino Oscillations and the Mixing

Angles

Does the neutrino that comes out via weak
interactions of the electron always return to the
electron via weak interactions? Is the same true for
the muon and its neutrino? Actually, it is not true. A
neutrino that came out from the electron sometimes
returns to the electron, but sometimes it becomes a
muon (if its energy is sufficiently high). Please refer
to Fig. 5. If you put a rabbit in a hat, sometimes it
comes out as a pigeon!! The neutrino oscillation is
academic terminology for this phenomenon. (See
IPMU News No. 15, pp. 4-9.)

Magic (presumably) always involves a trick.
Likewise, this phenomenon has a simple explanation.
Let us consider the dynamical system shown in Fig.
6-1. Let us put a marble on an oval dish and release
it. The marble will then draw the trajectory shown in
Fig. 6-2. As time goes on, the direction of the marble’s
oscillation will change. Let’s rotate Fig. 6-2 in such
a way that the initial direction of the marble is now
the horizontal axis and its orthogonal direction is
the vertical axis, see Fig. 6-3. Fig. 6-4 shows the time
dependence of the marble’s horizontal position and

the vertical position. You can see the decreasing
horizontal motion and the increasing vertical motion
as time goes on. This marble’s motion describes the
time variation of the neutrino wave, which has 2
degrees of freedom. The horizontal amplitude of
the wave describes the component that returns to
the electron via weak interactions, and the vertical
amplitude describes the component that converts to
the muon.

There are two essential points in this oscillation
phenomenon: “1. The shape of the dish is oval” and
“2. The initial motion of the marble is not along
the direction of the major nor the minor axis of
the ellipse, but rather along a diagonal direction.”
Using technical terms, the first point means that
“the neutrinos have the masses and their values are
different.” The second point expresses that, “the
mixing angle is non-zero.” The mixing means the
rotation angle between Figs. 6-2 and 6-3.

6dmpact of the Large Mixing Angles,
and---
As has been explained in Section 3, we have

to introduce many kinds of particles (degrees of
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Figure 6-1. Rolling a marble on an oval dish.

freedom) to describe the particle reactions according
to the present understanding of particle physics.
Given that there are not a few, but more than 50
kinds of particles, it would be natural to consider
whether or not more microscopic particles exist, as
well as a fundamental (simple) description. It might
be similar to the case that the existence of more
than 100 kinds of atoms can be derived from “the
only three kinds of building blocks, namely, the
protons, neutrons, and electrons, and a single theory
of quantum mechanics.”

If we consider the discovery of the periodic table
of the elements as a taxonomy prior to the discovery
of quantum mechanics, it would be a natural idea
to try to introduce taxonomy to the many kinds
of standard-model particles. Using the values of
the masses, the particles have been classified into
3 groups: the groups of light, medium, and heavy
particles are named as the first, second, and third
generations, respectively. Most researchers had
thought this taxonomy to have some meaning,

Figure 6-2. Movement of a marble on an oval dish. The green
curve represents the ellipse, and its major and minor axes are
shown by the red lines. If the marble is released at first from
the upper right point on the blue line, it moves along the black
curve.

until the neutrino oscillation was discovered. Let me
explain in a bit more detail. Before the discovery of
the neutrino oscillation, most researchers supposed
that in Fig. 6-3 the two red axes (corresponding

to the masses of the neutrinos) would not have
deviated much from the blue axes (corresponding
to the electron and muon), and they grouped those
particles having similar directions of mass axes and
classified them as one of the “generations.” This
means that they supposed that the particles in a
given generation would change their appearance
within the same “generation = direction of the mass
axes,” even though a neutrino converted to either
an electron or muon, and conversely, an electron or
muon converted to a neutrino, via weak interactions.
If this had been true, the taxonomy would have
been meaningful.

The neutrino oscillation experiments have
developed remarkably in these 10 years, however,
and they have indicated that the red and blue axes
are pointing in quite different directions, as shown

10 Kavli IPMU News No.22 June 2013



Figure 6-3. Fig. 6-2 is rotated so that the blue line becomes
horizontal. At first, the trajectory along the black curve moves
in the horizontal direction, but gradually, vertical movement
increases.

in Fig. 6-3. Actually, the mixing angle is large. This
means that, “the particle taxonomy based on the
concept of the ‘generations’ is broken at least to
some extent.” If a rabbit can easily metamorphose
into a pigeon, the taxonomy to classify mammals
and birds should be meaningless. We have to
reconsider from the beginning.

From now on, how do we have to proceed in
order to obtain a more fundamental understanding
of the nature of particles? Today’s particle physicists
have been searching for a solution to this problem.
Because a few pages up to here cover the
development of particle physics in the past several
decades, we have to be prepared that it will take as
long as ten years to write only the next one page.
Even so, researchers should explore the next step
forward.

At the end of Section 3, we have set the question,

“What is the nature of the complicated dynamical
system sitting at each point in space?” If we ask
ourselves a philosophical question “What are we?”

Figure 6-4. The movement along the black curve in Fig. 6-2 is
decomposed into the horizontal movement shown by the thick
curve and the vertical movement shown by the thin curve. They
are shown as functions of time.

very seriously, we finally arrive here. In response to
this question, what superstring theory suggests is
the way of thinking: “The nature of the complicated
dynamical system sitting at each point in space is

a six-dimensional space which is so small that no
previous experiments have succeeded in looking at
it” Although there have still been no experimental
results to support this suggestion from superstring
theory, there have been no results either, which
give a hint that it might be wronag. If so, it can be

a reasonable form of theoretical investigation to
introduce such a way of thinking so as to put limits
on our thinking and to try to make intellectual
adventures within that framework.

In this way, we hope that we can obtain some
constraints on the “realizable dynamical system.” Is it
possible for us to find something that is not intrinsic
to quantum field theory, when particle physics
encounters mathematics? Is that useful to give an
answer to the question “What are we?” For years, |
have been working on such things in my research.
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Mark HartZ Research Area: Experimental Physics

Kavli IPMU Assistant Professor

Experimental observations of neutrino oscillations
through the mixing of their mass and flavor states

have established that neutrinos have mass. Recently,

T2K and other experiments have established the
mixing of neutrinos through the third and smallest
mixing angle, which opens the door for CP violation
in neutrino oscillations. If CP violation is present,
neutrinos and their antimatter counterparts,
antineutrinos, will oscillate differently. This CP
violation signature can be observed by experiments
which produce beams of muon neutrinos
(antineutrinos) that oscillate to electron neutrinos
(antineutrinos).

| am participating in the T2K experiment, which
aims a beam of muon neutrinos produced at the

J-PARC accelerator facility towards the Super-
Kamiokande detector, 295 km away. We make
measurements of muon neutrino to electron neutrino
oscillations, the first step in detecting CP violation,
and make precision measurements of neutrino
oscillation parameters. | am particularly interested

in the ability of T2K to search for CP violation by
producing a beam of antineutrinos, and future
experiments that will be necessary to more precisely
measure the amount of CP violation.

12 Kavli IPMU News No.22 June 2013



M asa h |t0 Ya MaZa k| Research Area: Theoretical Physics

Kavli IPMU Assistant Professor

The goal of theoretical physics is to uncover the
fundamental principles governing a vast variety of
phenomena in nature, ranging from tiny elementary
particles to the whole Universe. As a theoretical
physicist working on elementary particle physics, |
have been studying supersymmetric field theories
and string theories from a number of different
perspectives, and | am trying to identify physical and
mathematical structures necessary for the better
formulation of quantum field theory and for a
consistent framework of quantum gravity.

| have been recently working on supersymmetric
gauge theories in 2, 3,4, 5, and 6 dimensions,
and in particular, the exact results and string
theory realizations for them. In this approach, the
IR fixed points of the theories are characterized

Hanindyo Kuncarayakti resarch area: Astronomy

Postdoc

| have been working on the close environments
of supernovae, to search for the clues on the
physical properties of the progenitor stars. For this
purpose, | used the technique called integral field
spectroscopy, which enables the observations of
the supernova explosion sites in both spatial and
spectral dimensions simultaneously. This provides an
insight never obtained before into the immediate

by geometrical/combinatorial structures, such as
3-manifolds, cluster algebras and the cells of the
positive Grassmannian. This gives a manifestly
duality-invariant formulation of new classes of
supersymmetric field theories (with and without
Lagrangians), whose properties could be further
elucidated with the help of mathematicians.

| am excited to join the Kavli IPMU, which provides
the ideal interdisciplinary environment for this
ambitious research project.

Our Team

surroundings and the parent stellar populations of
the supernova progenitor stars.



Mitsutoshi Fuijita

Postdoc

| have studied the gauge/gravity correspondence
in the background of superstring theory. The
important point of the gauge/gravity correspondence
is that the strong-coupling Yang-Mills theory that is
difficult to analyze can be analyzed by using weak-
coupling dual supergravity. In particular, | apply the
gauge/gravity correspondence for understanding
the difficult physics of a strongly-correlated system

Research Area: Astronomy

Miho N. Ishigaki

Postdoc

My research interest is how chemical elements are
synthesized in various astrophysical sites and how
these elements are distributed over the Milky Way
Galaxy. For these purposes, I'm studying chemical
abundances of metal-deficient stars in the Milky
Way and its surrounding dwarf satellite galaxies,
mainly by stellar spectroscopy. Using observed
chemical abundances in combination with theoretical

Sho Iwamoto

Postdoc

Research Area: Theoretical Physics

Dark matter, inflation, the neutrino mass—we still
have mysteries, and many hypotheses have been
proposed to solve these problems.

| am interested in examinations of these
hypotheses at collider experiments and astrophysical
observations. Topics of my recent interest are the
collider test of hypotheses in which the Higgs and/or
the lepton sectors are extended, and the indications
from cosmic-ray observations towards the dark

Research Area: Theoretical Physics

and condensed matter physics, such as strongly-
correlated electrons. For example, we derived some
FQHE and edge states from superstring theory by
using the gauge/gravity correspondence.

K kb

nucleosynthesis calculations in stars and supernovae,
| hope to make constraints on how these galaxies are

formed and chemically evolved.

matter problem. | want to see which models are true,
and which are not.

14 Kavli IPMU News No.22 June 2013



Kunio Kaneta

Postdoc

My primary research interest is particle physics
beyond the standard model. | have investigated
signals of new physics by focusing on parity violation
in QCD process at LHC. There is no parity violation
in the standard model QCD, but it can be induced
by new physics, which is supersymmetry and extra

LIUiS Ma rti Mag ro Research Area: Experimental Physics

Postdoc

Since | joined the Super-Kamiokande (SK)
collaboration in 2009, my main motivation has been
the detection of core collapse supernova (ccSN)
neutrinos. This includes those from all the past
ccSNe, the diffuse supernova neutrino background
(DSNB). Currently having the best world limit, some
SK collaborators have been working on EGADS, a
project to realise GADZOOKS!. By loading the SK

Haruki Nishino

Postdoc

Research Area: Cosmology

My current research focuses on an experimental
cosmology. | am working on the Comic Microwave
Background (CMB) polarization experiment,
POLARBEAR. CMB observations in the last decades
have provided us with rich information about our
universe. Recently the polarization measurement
of CMB has attracted much attention because it is

considered as a new probe for the epoch of inflation,

the exponential expansion of the early universe. We
deployed our telescope with polarization sensitive

Research Area: Theoretical Physics

dimension, for example. | am also interested in Higgs
physics, dark matter, and neutrino physics.

water with gadolinium, we will be able to detect
DSNB, our main motivation, and improve SN
detection and other studies.

detectors in the Atacama Desert in Chile, and we
have been observing CMB since 2012. We aim to
measure undetected polarization pattern called
“B-mode” and acquire new insight on the beginning
of the universe.

Our Team



RyO|Ch| N|Sh|0 Research Area: Theoretical Physics

Postdoc

One of my research interests is hadron physics.
Hadrons are particles that compose an atomic
nucleus, such as protons, nucleons, and mesons.

It is natural for me to be interested in hadron
physics because most of the matter around us, and
we ourselves, are hadrons. Particle theorists have
known for several decades that the hadron physics
is ruled by a fundamental theory called QCD. Many
properties of hadrons, however, have not been
derived from the fundamental theory yet. This is

Yoshiki Oshima

Postdoc

Research Area: Mathematics

My research interest lies in the representation
theory of Lie groups, particularly branching laws of
representations. The branching law describes how a
given representation decomposes when restricted
to a subgroup, which is a mathematical formulation
of the breaking symmetry. In my thesis, | studied the
branching laws of a certain class of representations
of real reductive groups (the so-called derived

Shun Saito

Postdoc

Research Area: Cosmology

My research interest lies in observational
cosmology, and my goal is to obtain various insights
into fundamental physics through cosmological
observations. | am currently focusing on the Baryon
Oscillation Spectroscopic Survey in the Sloan Digital
Sky Survey I, which provides us with the largest
3-dimensional galaxy map, in order to extract
information on gravity theory at cosmological scales
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the problem which should be solved. | expect that
essence of hadron physics may be understood by
means of the holographic principle. My result based
on the idea is in agreement with the experimental
data of scattering processes of the hadrons.

functor modules) in terms of a geometric realization
of representations by using D-modules on the flag
variety.

and the neutrino mass. Meanwhile, | have been
working on the cosmic microwave background and
gravitational wave.
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YEfen g S h en Research Area: Mathematics

Postdoc

My research area is geometry and mathematics
related to string theory. More precisely, | am
interested in mathematical theories related to N
= (2,2) supersymmetric quantum field theory.
Mathematically, Gromov-Witten invariants virtually
count stable (or orbifold stable) maps to projective
varieties and symplectic manifolds (or symplectic
orbifolds). It gives a description for the non-linear
sigma model. Fan-Jarvis-Ruan-Witten invariants
virtually count solutions of Witten equations and
can be viewed as a mathematical description for

NOf'IhIrO TanahaShl Research Area: Cosmology

Postdoc

| have been working on the theoretical study
of general relativity and its applications to various
topics such as fundamental aspects of black hole
physics, dynamical phenomena in the gauge/gravity
correspondence and modified gravity theories

including massive gravity theories and their relatives.

Being in the interdisciplinary environment of Kavli
IPMU, in my future research | will study modified

Landau-Ginzburg model of quasi-homogeneous
hypersurface singularities. Currently, my works focus
on Gromov-Witten theory, Fan-Jarvis-Ruan-Witten
theory and global mirror symmetry in a broad sense,
including topics such as Landau-Ginzburg/Calabi-Yau
correspondence, integrable hierarchies and number-
theoretic aspect of Gromov-Witten theory.

gravity theories and their observational implications,
and also consider further applications of gravity
theory studies.

Our Team



Interview
with Kenji Fukaya

Interviewer: Kyoji Saito

Interaction of Present-Day
Geometry with Physics Was
a Dream in the 70s

Saito: Today | would like to
ask you how you started
studying mathematics,

how you come up with the
geometric structure called
the Fukaya categories as well
as its past development and
its future perspective, and the
relation between physics and
mathematics. What shall we
begin with?

Fukaya: Shall we start from
my recent work, because it is
related to Kavli IPMU?

Saito: | very much wish to
ask you about it. Also, | wish
to ask what you think about
physics and mathematics.
First, could you tell me how
you have developed your
study of mathematics?

Kenji Fukaya is a permanent member
(Professor) at the Simons Center for
Geometry and Physics, Stony Brook
University since April 2013. He is

also a visiting senior scientist of the
Kavli IPMU since February, 2013. He
graduated from the University of
Tokyo (UT) in 1981. He received a
Doctorate in Mathematics from UT in
1986. He became Assistant Professor
at UT in 1983, and Associate
Professor in 1987. He moved to
Kyoto University as Professor in
1994. Since 2009, he has been a
member of the Japan Academy. He
received the Inoue Prize for Science
(2002), the Japan Academy Prize
(2003), the Asahi Prize (2009), and
Fujihara Award (2012).
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Fukaya: From the beginning

| have been interested in
studying various aspects

of the relation between
mathematics and physics.
Saito: That sounds interesting.
Fukaya: | think that there

is a difference between my
generation and yours, or,
between the mathematics

of the time when | started

to study and that of the time
when you started. According
to my impression when | was
a student, | always heard
that something new would
emerge from interactions
between physics and
mathematics. But, | didn't
have an impression at that
time that something new
really did begin.

Saito: What period was that?
Fukaya: It was probably in the
70’s or the 80’'s when | was a
student. Of course, functional
analysis emerged and
developed simultaneously
with quantum mechanics,
and the study of partial
differential equations has
been always connected with
physics. There are such fields
which are closely connected
with physics.

Saito: The Schroédinger
equation is an example.
Fukaya: Yes. Also in



representation theory, the
relation between quantum
mechanics and group theory
has been known for a long
time. On the other hand,

the higher-dimensional
global geometry that | have
been studying emerged

and developed in the 20th
century, and has been hardly
applied in physics.

Saito: It really was just as you
say.

Fukaya: Not to mention
physics, it has hardly been
used in any fields.

Saito: That's true. When we
were students, it looked as if
Hilbert space for solving the
Schrodinger equation and
analysis for solving equations
in classical mechanics,
electromagnetics, and so

on were main mathematical
fields that had real contacts
with physics. It is only a very
recent trend that global
geometry, or complex
geometry and algebraic
geometry, in particular, have
come into contact with
physics.

Fukaya: Exactly. But, |

think the extent to which
they obtain citizenship in
physics is not clear yet. Since
around those days, however,
there have been a lot of
people who told a rumor,

or something like a dream,
that contemporary geometry
would really have contact
with physics.

Saito: What are those days?
Do you mean the 70's?
Fukaya: Yes. | suppose that
there were such dreams.
Rather, I should say certainly

there were. But, somehow
people had an impression
that these were nothing

but dreams, and that

none of them was decent
mathematics. So, | kept at a
distance from them. It was
probably in the 80’s through
the 90’s that | regarded them
as developing into the real
thing.

Saito: At that time, epoch-
making gauge theory by
Atiyah and Donaldson and
topological field theory
emerged.

Fukaya: Yes. So, around that
time | started to think that
now | could work on such
things...

Saito: Then, have you been
always aware of it?

Fukaya: Yes, | actually
wanted to do things like
that. When | was a graduate
student, however, a prevailing
impression was that such
subjects were not the sort of
things to do.

Saito: That's unexpected!

As for me, | was surprised
later to know that the

theory of primitive forms,
which | started with a purely
mathematical interest, had to
do with physics. But, you have
always been conscious of the
relation with physics from the
beginning, haven't you?
Fukaya: I'm not sure. Even if

| have been conscious of it,

it was only something like a
dream.

Kyoji Saito is Principal Investigator at
the Kavli IPMU. He is also Professor
Emeritus of the Research Institute for
Mathematical Sciences (RIMS), Kyoto
University. He served as Director

of RIMS from April 1996 to March
1998.
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Saito: Could you tell me more
about that?

Hoped to See Topology
Become a Language for
Physics

Fukaya: Probably | hoped to
see the times when topology
would become a language
for physics. I think this has
not been achieved yet, but
now an atmosphere to make
one feel that it may happen,
has appeared.

Saito: For instance, V. I.
Arnold’s Mathematical
Methods of Classical
Mechanics, though this is
not modern. He actively
introduced topology to the
study of mechanics. Certainly
there was already that kind of
trend at that time, but isn’t it
what you are talking about?
Fukaya: Arnold was a pioneer,
but he could not establish
the application of topology
to classical mechanics. For
example, symplectic topology,
which is a field close to

what | am studying, was first
suggested by Arnold and he
developed it by even setting
some concrete problems.

But it had not been realized
until Gromov did it, after all.
Not only that, there were
pioneers who advocated
doing this and that in various
fields. Lots of pioneers have
always told their dreams. This
is not a bad thing, of course,
but rather, it is important.
Dreams, however, are not
enough to develop new
fields into the ones which
allow normal mathematical
studies. It took some more
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time for symplectic topology,
for example, to have become
a field allowing normal
mathematical studies. When

| was young, | felt it a bit
scary to go into that field
immediately. Rather, | had the
impression that it was better
to refrain from it.

Saito: Then what was the
turning point?

Fukaya: In those days, when
Donaldson and other people
studied gauge theory in
mathematics, they put physics
aside a bit when they wrote
articles, even though their
sources of ideas originated
from physics. Though they
learned physics, they were
strongly conscious that they
were not physicists.

Saito: Are you talking about
the Atiyah school?

Fukaya: Yes. For example, |
think Donaldson never wrote
a paper directly dealing with
physics. Conversely, physicists
later used the Donaldson
theory in gauge theory.
Saito: I do not have a

clear idea about those
circumstances, but am | right
to say that although he was
not conscious of it, physics
played a role behind the
scenes for having induced his
awareness of the problem?
Fukaya: | think so, probably.
In that school, Atiyah had
always been strongly aware
of the relation between
physics and geometry, and
the same was true for Hitchin.
Therefore, physics had always
been behind the mathematics
of the Atiyah school at
Oxford. Nevertheless, they

had not brought physics

to the forefront when they
wrote articles.

Saito: It was as you say.
Then what was your own
response?

Fukaya: | think it was from
around 1990 that | started
to explicitly describe the
motivations and ideas

that were originated from
physics, in my articles. As
for geometry, in particular,
the relation between gauge
theory and topology, that
between string theory and
duality, and that among
homological algebra, physics,
geometry, and the like have
started from the end of

the 80’s through the 90's.
From around that time,
mathematically meaningful
results, which directly involve
ideas from physics, gradually
appeared in geometry.
Saito: Could you give an
example?

Fukaya: Mirror symmetry

is a typical one. | think
mirror symmetry would be

a theorem in mathematics,
if established, and not a
theorem in physics after all.

I think such a situation that
things like that emerged from
physics and became very
significant both physically
and mathematically did not
happen before, say, in the
days when gauge theory was
developing.

Saito: Gauge theory, which
superseded the “gauge
theory” in the days of
Atiyah, is a treasury full of
yet-unknown treasures for
mathematics. Putting this
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aside, mirror symmetry is
terribly amazing. The same
physical quantity either
comes from invariants in
complex geometry or from
those in symplectic geometry,
in mathematics. Admittedly,
such a viewpoint has never
emerged from mathematics.
At what stage did you come
to realize this?

Fukaya: | remember that |
heard the mirror symmetry
for the first time when
Professsor Eguchi talked
about it at a workshop held
at Keio University.

Saito: Around what year?

Instinctively Felt D-Brane

Is Equivalent to Floer
Homology

Fukaya: It was probably the
80’ or the early 90's. So it was
before the appearance of the
Seiberg-Witten theory. At that
time, it seemed something
like algebraic geometry.
Because of that, I didn’t think
of it as my research subject. It
was after | had heard about
D-branes that | myself started
to study it. | think that | heard
about D-branes around 1992
or 1993.

Saito: Yes, | remember that it
was around that time.
Fukaya: At that time it came
to me that the D-brane is
equivalent to Floer homology.
Saito: Was that idea your
own?

Fukaya: No, probably many
people were aware of it, |
think. But few specialists in
symplectic geometry were
seriously thinking of studying
mathematics having to do



with D-brains.

Saito: Had you been working
on the Arnold conjecture
before that time?

Fukaya: No, it was a bit later.
I was involved with Arnold
conjecture as an application
of Floer homology which |
had long been studying.
Saito: | didn’'t have a clear
idea about that situation.
How did you relate Floer
homology, the Arnold
conjecture that we just talked
about, D-branes, and mirror
symmetry? And at what
stage did these things start to
converge to a focal point?
Fukaya: It was a matter of
course that Floer homology
is applicable to the Arnold
conjecture, for this is the
reason why Floer homology
was introduced. On the
other hand, we were able

to readily understand that
D-branes and Floer homology
are related when D-branes
appeared. D-branes are

the boundary conditions

for strings. On the other
hand, it is Floer homology
that takes into account the
same boundary conditions
and the same nonlinear
Cauchy-Riemann equations.
However, few people told
such an interpretation that
the D-brane is equivalent to
Floer homology at that time.
It may well be that at that
time people did not believe
that combining the topology
of geometry that goes into
an infinite dimensional
analysis, with newly emerged
D-branes in physics,

would produce successful

mathematical theory. When
we heard D-branes at first,
they were presented in the
contexts completely different
from sort of Floer homology.
Saito: Well, at that time |

did not quite understand
such a situation, either.
Certainly | remember that
Professor Eguchi and many
other physicists had been
talking D-branes, but they
gave geometrical image that
D-branes are the objects,
onto which strings are
winding. | remember that |
repeatedly asked questions
because | couldn’t get what
that meant.

Fukaya: It took about 10
years since then for us to
clearly realize the relation
between D-branes and Floer
homology. For me, it was not
very clear at that time, either,
though from the beginning
they seemed to be related.
Saito: Oh, indeed.

Fukaya: The problem,
however, was to what extent
we would be able to develop
rich mathematics based

on that relation. It had also
taken 10 years before we
reached the level where we
were able to calculate what
could be one of the most
important examples, not
merely exploratory pilot trials.
Probably that was one of the
things that | wanted to do.
Saito: From what time, then,
did you realize things like that
and start collaboration with
various people like Hiroshi
Ota and Kaoru Ono?
Fukaya: In the first half of the
90's, the situation was the

following. Although we were
able to do a variety of things
in geometry, which utilizes
moduli space, we were quite
afraid to study it in a general
way because its foundation
was extremely difficult.
However, when | studied the
Arnold conjecture with Kaoru
Ono, we came to think with
confidence that we would be
able to build the foundation
of mathematics with which
we can tackle that problem.
Saito: Was that in the 90's?
Fukaya: Yes it was in the 90’s.
I studied Arnold conjecture
with Ono in 1996. Around the
same time, some other people
were also developing the
method, which is now called
virtual techniques. When the
virtual techniques turned out
to be applicable, only little
technical difficulties of that
sort seemed remaining. Then
we had to write detailed
articles. It required hard
work, but somehow we
thought it was manageable.
We gradually changed our
minds to do it systematically
rather than blindly, for the
case of pseudo holomorphic
curves. For the case of
Donaldson invariants in the
gauge theory, at first we also
started calculating the most
important things for finding
new revolutionary examples
for application. On the other
hand, problems such as
finding the structure of all

of the Donaldson invariants
was too difficult at that

time, when we did not know
the Kronheimer-Mrowka
structure theorem, Seiberg-

Witten theory, its relation
with the monopole equation,
and so on. So, at first we

had been working hard only
on what we could do one
way or another. In this way,
we managed to derive very
significant things, which was
a tremendous breakthrough.
As for symplectic geometry
utilizing pseudo holomorphic
curves, it turned out that the
virtual techniques allowed

us to overcome technical
difficulties if we work hard.
With this situation, our
motivation turned to the
directions such as “What is
the most significant algebraic
structure?” “As a whole,
what does it mean?” and so
on. From around 1990, such a
way of thinking had gradually
emerged, and it was realized
in about 10 years over the
latter half of the 90’s to the
21st century.

Saito: So that was the turning
point.

Fukaya: Yes.

Preference for
Transcendental Aspects in
Mathematics

Saito: By the way, | have
strong impression that at
first your style of doing
mathematics inherited

that of Gromov who
introduced dynamic new
ideas to geometry such as
approximating manifolds by
taking some points on them
or collapsing manifolds with
Riemannian metrics. | feel
some gap between such
mathematics and what you
said now.
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Fukaya: Well, once |
told a joke to you about
something like that. Yes, | like

transcendental matters. In
some sense the mathematics
that Gromov has been doing
is utmost in transcendental
mathematics.

Saito: It's great. | also like it.
Fukaya: | believe that among
those mathematicians
studying geometry of
mathematical physics such as
symplectic geometry utilizing
pseudo holomorphic curves,
I am studying its aspects in
close proximity of the most
transcendental part.

Saito: Really?

Fukaya: | mean, there are
many people studying in
more algebraic aspects

such as the calculations of
Gromov-Witten invariants.
Saito: Well, it’s true.

Fukaya: Compared to those
who are studying in the area
where they can rigorously
calculate things like Gromov-
Witten invariants, we are
studying somehow abstract
and general..., | think it’s kind
of like..., analysis...

Saito: Well, it is rather
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genuine geometry, than
analysis.

Fukaya: Right. So, | have an
impression that | am studying
transcendental aspects. That
is something that | have been
intending to do, and | have
been doing for a long time. |
am quite confident in myself
on this point.

Saito: That is what | like about
your mathematics. People
often think that | am studying
algebraic aspects, but |

am always watching over
from where transcendental
structures come in. For this
reason, | am really attracted
to your mathematics because
you are always engaged in
such aspects.

Fukaya: But as for Riemannian
geometry, which | studied

at first, extractable algebraic
structures are poor. (laughs)
Saito: Oh, you speak harsh
words. (laughs)

Fukaya: Although they

are poor, we have to work
hard. These days, kinds of
mathematics such as analytic
geometry on metric spaces
are increasingly studied and
developing well.

Saito: Really?

Fukaya: Yes. | think geometry
of just the opposite type

to algebraic geometry is
developing quite actively.
Saito: Could you give me an
example?

Fukaya: For example,

the problem of optimal
transportation.

Saito: Hmm... | have never
heard of it.

Fukaya: It is something like
analysis on metric spaces,
such as defining the Ricci
curvature in this setting.

The optimal transportation
problem is, for example,
“Suppose there is oil around
here, and there are consumers
and gas stations around there.
Then, how can you transport
oil in the shortest time?” In
short, you are dealing with
metric measure spaces. On

a metric space which is the
so-called Earth, there are
two measures. One is the
measure at the oil producing
district, and the other is the
one at the consumption
facility. Evaluating the
distance between the two is
the transportation problem.
So, the best way is the
connection by a geodesic.
Saito: So what?

Fukaya: So we are just
asking “What is the geodesic
between the two points on
a very wild space, such as
the space of metric measure
spaces?”

Saito: Do you mean
considering the space of all
geometries rather than fixing
geometry?

Fukaya: Yes. Because we

Kavli IPMU News No.22 June 2013

think all the geometries, our
object is wild and measures
are not necessarily smooth.
Saito: Is it related to Finsler
geometry?

Fukaya: Shinichi Ohta as well
as other people is studying

it. Once | also studied a bit
about metric measure spaces
in the 80’s. Other currently
active fields of geometry
similar to it include geometric
group theory.

Saito: | am also interested in it.
Fukaya: At present, those
areas of mathematics dealing
with objects which have little
structure, if any, are quite hot.
Saito: Are they developing?
Fukaya: Yes, they are.

Hoping to Explore the Root
of Geometry of Moduli
Structure

Saito: Now, back to the topic
of extracting an algebraic
structure using the virtual
techniques, what perspective
do you have about your
future mathematics?

Fukaya: Well, some time

ago | thought | would go
back to what I studied
before—namely, studies of
transcendental aspects of
mathematics. But, because |
am already over 50 years old,
| probably wouldn’t make
significant achievements even
if I return to that direction.
So now | am inclined to think
that the current direction is
better.

Saito: What do you mean?
Fukaya: | think there are a lot
of things to do in developing
the methods of constructing
algebraic structures from



moduli spaces using the
virtual techniques. If we
should complete the whole
program, it would lead to a
significantly large body of
theory. | think probably this is
what we should do.

Saito: In some sense, you

are going to explore the
most fundamental aspect of
geometry of moduli spaces. It
seems quite tough.

Fukaya: As | said before, since
1996 we have been able to
deal with theory even if we
give it something similar to
an algebraic structure, or
rather complicated algebraic
structure, but to go one step
forward, it would be required
to extract all the algebraic
structures they have.

Saito: What do you mean by
algebraic structure?

Fukaya: For example, it was
the A-infinity structure that
we used. It is like a study

of thinking all the numbers
that can be extracted from
the moduli space, deriving

all the structures it has, and
then asking “What is this

set of all the structures?”

and “What symmetry should
all these structures have?”
Further, because the numbers
themselves are not well-
defined, we need to consider
what kind of algebra controls
this ambiguity.

Saito: So you also look at the
structures closely.

Fukaya: Yes, for the moment.
The virtual techniques are
sort of tools to construct
structures.

Saito: This may be
wandering from the topic

of this interview a bit, but

S. Mochizuki is studying the
ABC conjecture these days,
and he is trying to extract
things from the most primitive
part having few additional
structures as possible. | think
this is amazing...

Fukaya: | agree.

Saito: As you just said,
however, you are considering
to give structures, aren't you?
Fukaya: For example, let’s
consider the definition of
field theory, or that of a
space. There are two ways

of thinking. One way of
thinking is this. We have

lots of quantities from field
theory. We define all these
quantities and consider their
symmetries and in what
sense these quantities are
well-defined. We consider

all these things. In some
sense, we can say that it is a
computational definition of
field theory. Or, probably it

is an algebraic definition. It

is not transcendental. Now,
the other way of thinking is
this. It is possible to describe
field theory in a truly
fundamental way, by creating
transcendental, completely
different language. The

latter is certainly preferable.
However, we have been
hearing these arguments

for about 30 years that

new geometry is needed

for studying quantum field
theory, quantum mechanics,
string theory, and so on. But
it doesn’t seem to be possible
at all (laughs). In other words,
the latter definition is not
possible at all.

Saito: What do you mean by
new geometry?

Can a New Geometry
Explain the Standard Model
Intuitively?

Fukaya: | don’'t know it very
well. As for general relativity,
for example, we can say that
only one word, curved space,
explained the geometrical
background of gravity

pretty well. In the same
way, can we explain very
complicated equations in the
standard model all at once,
by developing some new
notion of spaces? Is there
such an amazing, new type of
geometry, of which we simply
haven’t noticed? Similarly to
the fact that general relativity
is explained all at once by
writing out the definition

of Riemannian manifolds,

is it possible that writing
down the beautiful and
simple definition of the new
geometry would ultimately
lead to the appearance and
explanation of everything
that are very complicated
now, through painstaking
calculations starting from

that definition? It is probably

a dream of hoping such
geometry of the 22nd
century. | believed in it to a
great extent 20 years ago, but
now | am skeptical about it,
probably because of my age.
Saito: Why do you think so?
Fukaya: In the history of
scientific developments, there
have been many occasions
when a new breakthrough
occurred and it made the old
things easy to understand. |
am skeptical, however, about
further and further iterations
of such a situation in future.
For example, when quantum
mechanics and relativity
appeared, they looked quite
different from our daily life
though they were truth. They
made things very clearly
understandable, however,
and they were found not
very complicated. This is
particularly true for relativity.
In the end, it was distilled into
a very simple equation. I am
doubtful, however, that the
so-called standard model etc.
would be similarly...

Saito: Are you doubtful

that we can generate and
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formulate a new geometry?
Fukaya: Well, | doubt that the
new geometry, even though
it is generated, would make
everything so easy.

Saito: | cant say it properly,
but | think geometry provides
humans with a picture

when they create an image
of the world from various
experiences. Speaking

about the Riemannian
geometry that we have

just mentioned, | dare say
that Gauss had done huge
amount of calculations in
electromagnetics and ground
survey before it appeared.
For instance, it seems that
Gauss posed Riemann, one of
his students, an assignment
to formulate calculations

of curvatures from surface
triangulation, and Riemann
did it. In that sense, though |
can't say it properly, it would
not change in future that
humans necessarily create
new geometry corresponding
to the amount of experiences
they accumulate. So, about
what you just said...

Fukaya: There is a distance
between our experience and
the real world. There is a
world where we are living as
ordinary people, and which is
sensible by our sense organs.
In old times, mathematics

or any learning was closely
connected to the directly
sensible world and people
directly formulated what they
saw into the body of theory.
Probably, however, people
became unable to do so
from a certain stage. | think,
this is probably related to
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abstraction of mathematics:
people gradually began

to formulate, using logical
language, things which were
a bit different from what
they saw, in such a way that
they allowed considering, for
instance, curved spaces which
looked like Euclidian if seen
by human eyes. Then, as we
go ahead, we are more and
more separated from our
intuition.

Saito: Nevertheless, isn't

our intuition itself going to
change? Don't you think that
a new generation of people
would take those things into
their intuition, which seem
logically complicated for us
now?

Fukaya: But, there should

be a biological limitation for
human beings. What you just
said means learning by brain.
I also think that it would

help us to some extent. For
instance, mathematicians,
having received mathematical
training, have intuition that
becomes active when they
think over mathematics

on manifolds. Of course,
ordinary people do not have
such intuition (laughing). This
intuition is what is acquired
from learning, rather than
what a human being as a
creature has by nature.

Saito: | think human beings
will take experiences and
structures into their intuition.
Fukaya: Well, it may be that
we will be able to do it as we
go one more step forward,
but the required energy will
also increase by one step
more. You mentioned Dr.

Mochizuki before. It is not
possible for ordinary people
to understand his theory by
intuition. Training is needed.
Saito: | agree to some
extent, but it depends on
the sensitivity of the times.
The next generation may be
able to reach there, though |
cannot.

Fukaya: Well, in the past
Grothendieck, for instance,
introduced broad perspectives
in mathematics. | have
managed to understand a bit
of them, such as topoi and
stacks, through learning, but
it is not so easy to understand
such things even today.
Saito: Hmm...

Fukaya: About 40 years have
passed since then.

Saito: Possibly, at some time
in the future they will be
integrated into some kind

of structure, and people will
think the next step without
being aware of them...
Fukaya: No, they were
constructed in that way

with great effort. This is the
reason why you find them

as you say. But, I think it will
not be possible to bring them
beyond that.

Saito: We cannot judge
unless we try.

Fukaya: Even the definition of
manifolds itself is not easy.
Saito: Somehow, | am also
doubtful whether it is even
natural. But...

Fukaya: We cannot give
easier definitions any more.
Saito: Today, 3 years of
learning mathematics

is somehow enough to
understand the definition of
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manifolds to some extent,
though at least a century ago
mathematicians at that time
were not able to think of it.
Fukaya: Yes, they learn

it in the third year at the
university. Therefore, it would
be in the graduate course
that they learn notions of the
next level. My concern is the
next to next level, and so on.
This might be the fate of a
human being as a creature.

Ideal Relation between
Mathematics and Physics for
the Future

Saito: Oh, you are talking
about your concern
(laughing). I am more
optimistic than you. Now
let me return to our
original topic. What is your
perspective on the relation
between mathematics and
physics in future?

Fukaya: It will be a difficult
problem for mathematicians
at Kavli IPMU, that to what
extent they keep a distance
from physicists.

Saito: Do you have any
concern about the relation
between physics and
mathematics? Please don't
hesitate to say what you
think.

Fukaya: In the study of
mathematics, the most
dangerous problem would
be finding motivation only
from physics and giving up
mathematics. It is absolutely
wrong and should be
avoided to say “Though
this is not very important in
mathematics, it is useful in
physics” to mathematicians,



and the opposite to physicists.
In the fields of mathematics
directly related to physics,
how to find motivation is
important for mathematicians
to study mathematics.

Every physicist has his/her
own sense acquired from
training, regarding physical
phenomena, or what is really
meaningful for physics theory.
We mathematicians don't
have this sense, and even if
we work hard and acquire

it to some extent, we are
amateurs after all.

Saito: This point is related

to our discussion before.

Do physicists get their
intuition from great amount
of calculations they make
behind the scene?

Fukaya: | think so. On the
other hand, we made another
kind of training which formed
our sense of mathematical
problems and sense of values
regarding what is important
in mathematics. | think it is
quite important to get ideas
from physics properly, while
retaining our sense of values.
So, mathematicians and
physicists should firmly keep
the respective sense of values,
and on the basis of that both
should interact with what
they can contribute to each
other in mind.

Saito: | agree with you on this
point. But, is there really a
serious concern as you point
out?

Fukaya: Yes, | have a

feeling to hear such things
frequently, though | dont
know what physicists are
thinking about mathematics.

It is sometimes difficult for

us to understand physicists’
sense of values which are
different from ours. Returning
to what I've just said, | think
the most important physicists’
ability that forms their
foundations as physicists is to
grasp the essence of physical
phenomena, or what is the
most important in physics.
Likewise, mathematicians
also have their foundations
as mathematicians; they

are different from those of
physicists. Mathematicians
and physicists can understand
respective foundations to
some extent, but it is difficult
and not easy to have both.
Saito: Certainly it is quite
difficult to have both...
Fukaya: For example, let’s

ask if Witten can have both.
Simply speaking, it is quite
high-level and difficult a thing
in the sense that Witten may
have both, but only to some
extent.

Saito: But, depending on

the individual work, do we
have to switch between
mathematical and physical
motivations?

Fukaya: Witten as well

as those comparable to

him can do that way,
because he solved many
mathematical problems that
are of sufficient value in
mathematics. But, even in
such cases, their fundamental
interests cannot be both
physical and mathematical.
For mathematicians it is more
difficult to acquire sense

of physical phenomena.
Probably, it's nearly

impossible.

Saito: Do you mean it’s
almost impossible for
mathematicians to have
intuition on physics?

Fukaya: Yes.

Saito: But if you talk about
mathematical phenomena,
the situation is different, isn’t
it?

Fukaya: That’s right. So,
mathematicians should be
conscious about their sense
of mathematical phenomena,
or awareness of the problems,
and to what extent they
contribute to understand the
most important problem.

| have been thinking it is
important for mathematicians
whether they can properly do
so when they go along with
physicists.

Saito: Certainly it is a valuable
suggestion, or caution, to
young people who are about
to start learning. | think every
established researcher has
necessarily chosen one of
them in his or her career, but
certainly those who are about
to begin may not understand
it. By the way, you are going
to the U.S. to work hard. Do
you have any aspiration?
Fukaya: Probably, the

Simons Center is in some
sense a similar place to Kavli
IPMU. Compared to Kavli
IPMU, it has slightly bigger
mathematics department
and similar-sized physics
department, but it has

no experimental physics
department. So | think it is

a nice place for me to study
what | said.

Saito: Are there physicists?

Fukaya: Yes, at present
Michael Douglas is working
there. The plan is to have the
same number of physicists
and mathematicians
eventually. The same is true
for postdoctoral fellows. |
think physicists will be all
theoretical physicists. In the
Stony Brook University where
the Simons Center is located,
there is C.N. Yang Institute
for Theoretical Physics. Also |
think there are experimental
physicists in the University.
In the Simons Center, |

am planning to focus on
constructing structures using
geometry. I'd like to make a
thorough investigation about
the extent to which we will
be able to reach.

Saito: You are still young, so
I have high hopes for you to
accomplish another great
achievement. Thank you for
today.

Note by Saito: On February
20, 2013, | visited Professor
Fukaya while he was busy
preparing for his departure
to the U.S., and | talked

with him in his office where
his books were piled high.
Though usually he speaks
very fluently, in this interview
it was impressive that he
carefully chose his words.

It was also impressive that
he had been interested in
physics from the beginning of
his carrier. Does it reflect, as
Fukaya said at the beginning,
the difference between his
generation and mine?
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Workshop Report

MaNGA Focus \Week

Kevin Bundy

Kavli IPMU Assistant Professor

The Kavli IPMU “MaNGA
Focus Week” concluded with
great success on Friday, May
24th. MaNGA stands for
“Mapping Nearby Galaxies at
Apache Point Observatory,” a
new Sloan Digital Sky Survey
that will begin in 2014 and run
for six years with the aim to
obtain resolved spectroscopy
for an unprecedented sample of |
10,000 nearby galaxies.” Kavli
IPMU’s own Kevin Bundy is the
Principal Investigator. The focus week served not only
as an all-hands team meeting designed to advance
preparations for the project but also as the Critical
Design Review of the MaNGA instrumentation
upgrades that are being planned for the Sloan 2.5m
telescope.

An external committee of prominent experts
reviewed over 200 pages of original material
developed by the MaNGA team and evaluated
presentations on aspects of the project that ranged
from the hardware design to the observing strategy
and software tools. The primary focus was a new
type of “integral field unit” (IFU) design innovated
by the MaNGA team, which combines up to 127
optical fibers into a tightly packed and highly regular

* See, Kavli IPMU News No.20, pp. 16-17.

hexagonal array. The team demonstrated through

results both in the lab and with prototypes taken
on sky that their design could regularly achieve the
theoretical maximum throughput of 96% in a cost-
effective solution that integrates seamlessly into the
existing infrastructure at Apache Point Observatory.
The review committee was highly impressed with
the team's preparation and mature design, the result
of an impressive and rapid effort over the last 14
months. They recommended the project proceed on
track to full production and deployment in August
2014. At the same time, they helpfully identified
a potential weak point in the quality of skyline
subtraction that MaNGA hopes to achieve, an issue
that the team is now aggressively addressing. With
this positive feedback from the review, MaNGA can
look forward to the first of its IFUs being constructed
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over the summer of 2013, and the first of ultimately
six “cartridges” of MaNGA hardware ready for testing
at the observatory in February 2014.

Also discussed were MaNGA's next steps which
include refinements to the sample selection and
observing strategy as well as the development of
software analysis tools which are crucial for providing
data products that will eventually be released to the
public. For each of the 10,000 galaxies in the sample,
MaNGA will provide maps of the internal properties

of stars and gas as well as the velocity fields of both

constituents. This information will provide valuable

new constraints on the life cycle of galaxies, including

the physical processes that regulate their birth,
continued growth at late times, and their “death”

through the cessation of star formation. The ability to

use velocity maps to “weigh” galaxy components will

also constrain the amount of dark matter in galaxies

and possibly provide tests of the dark matter profile

shape and alternate gravity theories.
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Special Contribution

Kav

Aya Tsuboi

Kavli IPMU Academic Support Specialist

At Kavli IPMU, the “Kavli
IPMU Arts Society” organizes
art exhibitions a few times per
year as a social activity involving
researchers and administrative staff.
I am one of its promoters, and I'd
like to introduce its activities so far
as well as some recent interesting
Art and Science programs in Japan
and overseas.

From January 21 to 28, 2013,
“Science and Everyday Life Series 2
Masses and Sizes” was held in the
Kavli IPMU building. The program
consisted of a wall exhibition
of 58 images contributed by 17
researchers and staff members,

a wine and cheese party, and an
installation piece produced from
the contributed images. First,

let's have a look at some of the
contributed images (Fig. 1). You can
find images from our everyday life,
and images from research activities
are shown together. Once you take
a look at all of them, you can find

| IPMU Arts Society

Figure 1. From top left, clockwise, “The massive dense buildings in

Hong Kong” by lvan Ip, “The finite and the infinite” by Serguey Petcov,
“Sapporo Daikyu” by Midori Ozawa, “Yellow giant” by Ken'ichi Nomoto

and Melina Bersten, and “Mandelbrot set” by Toshitake Kohno.

some relationship between them
unexpectedly. This is the main
point of the exhibition.

Actually this program was
planned with two ambitions.
Basically, researchers tend to
make a group of people from
the same country, or in the same
research field. One ambition was
to provide these researchers with
opportunities to get together.
The other ambition was to bridge
the deep valley that separates
extremely specialized Science
from our everyday life. For each

exhibition in this series, therefore,
we ask people at Kavli IPMU to
contribute theme-based images.
“Pattern” was the theme for the
first exhibition and “Masses and
Sizes” is the theme this time.
There are two focuses in these
exhibitions. One is that we deal
with images from both research
work and everyday life. The other
is that we choose neither linguistic
medium nor mathematical formula,
but rather image, as the method
of expression. Although you might
see that this trial is acrobatic, let

Figure 2. A view showing the wall exhibition. There were 58 contributions from 17 people, including special contributions from Professor Toshio Kuroki, the WPI
Program Director.




me remind you that Morphologie,
developed by Johann Wolfgang
von Goethe in the 19th century,
for instance, focuses on the form
of objects.

For the wall exhibition,
contributors themselves printed
out their images, and posted
them on the specified wall with
captions prepared in a prescribed
format. In the first exhibition, it
was Arts Society members that
printed out and posted all the
images. For this time, however, a
different procedure was adopted in
anticipation of encouraging more
people to join this program. During
the first couple of days after the
announcement, the wall was
empty except for my contributions,
but the posted images increased
day by day, and at last, they filled
the wall (Fig. 2). At the middle of
the exhibition period, we invited
researchers and staff of Kavli IPMU
to a wine and cheese party. Many
people attended and enjoyed
chatting as they appreciated the
exhibition. It may well be that they
were interested in the day-by-day
change of the display on the wall.
In addition, Arts Society displayed
an installation piece on the floor of
the entrance hall of the Kavli IPMU
building, consisting of 14 outdated
iMacs showing slideshows of

Figure 5. A view of the wine and cheese party. Cheese seemed to have disappeared “in the blink of an eye.”

Figure 3. A view showing the installation piece. With 14 iMacs, 9 kinds of slideshows and 2 kinds of index

movies were looped continuously.

the contributed images (Fig. 3).
Actually, we sorted these images
into nine categories™’
characterized by “sphere,” “light”
“fractal,” and so on, and made nine
slideshows corresponding to these
categories. Each slideshow was
looped continuously with an iMac,
carefully pairing iMacs together for
two related categories (Fig. 4)."”
Whereas it was fun for you to have
a look at all the images on the wall
and think about the relationship
among them, here was another
kind of fun for you to see images
inspired by the suggested gentle
relationship. Fortunately, through
the courtesy of the organizer of
an international workshop that
was held simultaneously with
our program, we had a chance
to explain about the exhibition
to the workshop participants. It
seemed that they also enjoyed the
exhibition.

Now, let me tell you how to
enjoy this exhibition. First of all, you

Figure 4. A closer view of the installation.
“Fractal” (left) and “Discrete" (right).
can enjoy attractive photographs
by hidden photo lovers at Kavli
IPMU. Then you can guess the
relationship between the images,
which intimate the concept,
“Masses and Sizes.” ** You can also
join the party and share thoughts
with others. You can think about the
difference between the wall
exhibition and the installation
piece..and so on. Naturally,
contributing images to the
exhibition would double your fun.”*
It seems that the exhibition was
completed satisfactorily with our
aim achieved. The party stimulated
lots of conversations (Fig. 5). | also
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heard that a group of researchers
admired the installation piece as
they chatted casually, which then
led to discussion on their research.
So far, the Arts Society has
organized several exhibitions.

- “Science and Everyday Life,
Series 1, Pattern”, March to April,
2011 (Figs. 6, 7)

- “Searching for the other physics
-an art exhibition at a science lab-
vol. 02", June 29 to July 11,2010
(Fig. 8)

- “Searching for the other physics
-an art exhibition at a science lab-
vol. 01", February 3 to 27,2010

What is the role of this trial
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Figure 7. (Left) A view of an installation
piece at “Science and Everyday Life, Series 1,
Pattern.” Approximately 200 m” Wood, paint,
inkjet print on paper, 3 iMacs, projector, DVD
player, illumination, 2 stand lights.

(Right) A wood piece represented the XYZ
axes. It was a kind of frame in which a photo
was mounted with its caption. The “frames”
were installed in such a way that neighboring
images had some “relation.”

iMacs and a projector looped continuously

a slideshow of the contributed images. The
illumination represented the flow of time
and its direction.

of the Arts Society at the Kavli
IPMU? In these years, it seems that
a new tide has been appearing

to bring Science and Art closer
together. It may be that our
attempt also contributes a bit to
this tide. Let me introduce some
examples. In September 2012,
some administrative staff members
of the Kavli IPMU visited research
institutions in the US. They reported
that they were impressed by the
excellent support services and, in
addition, the implementation of art
programs. In particular, the Simons
Center for Geometry and Physics
in New York has its own Advisory
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Board for the art program and
organizes exhibitions in its building,
Artists in Residence program,””
and the like. CERN, a high-energy
physics research center in
Switzerland, started the Artists in
Residence program in 2011, in
partnership with Ars Electronica,
which organizes one of the most
famous international media art
festivals annually in Austria.

How about scientists
themselves? How do they think
about Art? There was a bit
unusual program on the Riken
public open day in 2013. It was
a sort of performance piece: real,
serious scientific discussion by
physicists was “displayed” in front
of the audience. This program
was coordinated based on the
idea of a physicist, “Science is a
kind of creative activity. Just as
with Art, people can feel and gain
something from Science, even if
they can't understand its entirety.” *°
An event called “Cocktail and
Science” is another example. This
event has been held at a cinema
in the city center of Copenhagen
since 2010. At this event, scientists
give talks, bartenders serve a
fantastic menu of craft cocktails
and experimental musicians
play. The event is organized by
a physicist, in cooperation with
the Niels Bohr Institute, who says
that, “A new definition of art: a
person’s individual science. A new
definition of science: an art with
concrete boundaries. Common
to both is the method: an endless
attempt to describe concepts/ideas/
phenomena either subjectively or



objectively with increasing accuracy
which can either be vouched for
individually or collectively.” "’

There is a notable new approach
from the Art side, too. Central
Saint Martins in London, one of
the hottest colleges in the art
world, newly opened up an MA
Art and Science as a postgraduate
course in 2011. Although Art and
Technology or Design Science is
popular, Art and Science in a fine
arts course is totally new.

I'd like to point out that it
is common to each of these
attempts that the scientists and
artists concerned have worked for
themselves. Although many art
exhibitions have traditionally been
held at art museums and the like,
with the theme of “Science,” it was
generally a third party that worked
for the exhibition,® for instance,
in evaluating and arranging the
exhibits. In contrast, it can be said
that the attempt by the scientists
and artists concerned who try to
re-identify their activities by placing
themselves in the respective
framework is a new trend that
has not been observed in modern
times, as Science and Art goes their
own ways, and the split between
them has grown wider and wider.””

Science or Art had been a
sort of attempts with which we
were eager to touch something
called “Truth” or “Knowledge”
in some way. Science, however,
has achieved a great success in
modern times, and because of this,
the responsibility of the scientific
community has become too heavy
a burden for the community alone.

Figure 8. A view of “Searching for the other physics -an art exhibition at a science lab- vol.02" exhibition. It
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was a group show concentrating on moving images. 4 young artists (including myself) from Japan and the

UK showed their works. It was open to the public.

Art, on the other hand, has kept
extending its framework, and it led
to the present situation in which
no one seems to find what Art is
any more. Amidst such a conflict,

| am excited at the thought of
catching a glimpse of the new
horizons that may again lead us to
the “Knowledge.”

At the Kavli IPMU, researchers
are challenging the mysteries of the
universe by means of Mathematics,
Physics, and Astronomy. It may
be said that these are attempts
to inherit the learning before the
modern era, and they have high
affinity with Art, Philosophy, and
Aesthetics. The Arts Society will

continue with various activities
bearing in mind possibilities to
collaborate with other institutions,
hoping that this approach will help
activate the research activities at
the Kavli IPMU, and furthermore, to
contribute to “Knowledge.”

Finally, I would like to
express my sincere gratitude to
Director Murayama and former
Administrative Director Nakamura
for giving me this opportunity,
to the administrative staff for
giving me a boost, and Professor
Mukohyama, the organizer of
the workshop, for his generous
permission for me to explain the
exhibition to the participants.

' The nine categories are “the one,” “dual.” “multi,” “sphere” “light,” “plane,” “The Sun,” “fractal,” and

“discrete”. Some images belong to more than one category.
We used an iMac for “the one,” 2 iMacs for “dual,” and 3 iMacs for “multi.” For “dual” and “multi,”

_ the respective slideshow was duplicated and played in synchronization.

 “Masses and Sizes” can be broken down into the terms like light/heavy, small/big, single/muiltiple,

constant/variable, finite/infinite, part/whole, continuous/discontinuous.

Unfortunately, images contributed from research work were fewer than expected. | suppose that
many of researchers think images from research work would be boring to be shown at exhibitions.
One of the most interesting points of this program, however, is to take a look at many kinds of
images. We hope more images from research work will be contributed next time.

*> Host institutes invite artists for a certain period (for instance, a few months), and artists create and

exhibit some pieces there.

** http:/d.hatena.ne.jo/D-brane/20130422

http://www.jacomearmas.com/scicom.html
Nowadays, a lot of art exhibitions, both domestic and overseas, are held at museums, based on the
museums’ resources.

° In ancient Greece, Science and the humanities/social sciences were parts of a study. Up to now,

they had gone their own ways and the split between them had grown wider and wider. During the
Renaissance, Science and Art were close, but now, where Art also treats the same subjects as the
humanities/social sciences, there is also a big split between Science and Art just as there is between
Science and the humanities/social sciences. But of course this doesn’t mean that there has been no
relationship between Science and Art. In modern times, there have also been myriad art pieces that
were created by viewing Science as a source of inspiration.
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Director Murayama Elected to the
American Academy of Arts and
Sciences

On April 24th, 2013, the American
Academy of Arts and Sciences
announced 198 newly elected
members including Hitoshi Murayama,
Director of the Kavli IPMU. It was
founded in 1780 to cultivate every art
and science, and from the latter half
of the 20th century, it has been an
independent policy research center
that conducts multidisciplinary studies
of complex and emerging problems.
Past members include George
Washington, the first President of the
United States, Albert Einstein, Nobel
Laureate in Physics, as well as leaders
in a broad range of areas including
politics, business, science, and art at
all times. The newly elected members
include David Weinland, 2012 Nobel
Laureate in Physics, Robert De Niro,

a renowned actor, and many other
distinguished scientists, artists, and
politicians.

The Academy has selected as
members the finest minds and
most influential leaders from each
generation, and selection by the
Academy has always been one of the
highest honors in the United States.
Director Murayama said, “I never
imagined that | would be among
such a distinguished list of scientists.
This will be a great opportunity for
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me to advance science in this area of
research, as well as to promote the
contribution of those with Japanese
ancestry.”

The induction of new members will
take place on October 12, 2013, in
Cambridge, Massachusetts, where the
Academy’s headquarters is located.

Fred Kavli’'s Portrait Hung on the
Wall of Interaction Area at Kavli
IPMU

A portrait of Fred Kavli, founder and
Chairman of The Kavli Foundation,
arrived at Kavli IPMU in May, 2013.
The portrait was drawn by New York-
based noted portrait painter, Everett
Kinstler and dedicated to Fred Kavli
for his support to the 16th Kavli
Institute, Kavli IPMU. The portrait is
hung on the wall of the Kavli IPMU’s
interaction area, Piazza Fujiwara, as
if Fred Kavli is watching researchers
gathering and discussing there.

Portrait of Fred Kavli

The 4th Yoji Totsuka Prize to
Kunio Inoue

The Fourth Yoji
Totsuka Memorial
Prize (2012) has
been awarded to
Kunio Inoue, Director
of the Research
Center for Neutrino

Kunio Inoue
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Science (RCNS), Tohoku University,
and Principal Investigator at the Kavli
IPMU, and Atsuto Suzuki, Director
General of High Energy Accelerator
Research Organization (KEK), for
their neutrino research using liquid
scintillator. In particular, the first
observation of terrestrial antineutrinos
(geoneutrinos) in the KamLAND
experiment in 2001, which showed
evidence that Earth’s primordial heat
supply has not yet been exhausted
and established the foundation of
“neutrino geophysics,” has been
recognized. This prize is awarded
annually aiming at recognizing
outstanding achievements in neutrino
physics experiments, non-accelerator
particle physics experiments, or
related theoretical studies. The award
ceremony was held on March 20 at
the Koshiba Hall at the University of
Tokyo.

Tomoyuki Abe Received 2013
MEXT'’s Young Scientists’ Prize
On April 8, 2013, :

the Ministry of
Education, Culture,
Sports, Science and
Technology of Japan
(MEXT) announced
that the 2013 Young
Scientists’ Prize went to Kavli IPMU
Assistant Professor Tomoyuki Abe for
his, “Fundamental work on theory of
arithmetic D-module and research

on the Langlands correspondence.”
This award is given to young scientists
under 40 years old in recognition

of their outstanding original, or,
challenging exploratory, research
accomplishments, which show their
ability for high-level research. In 2013,
89 young scientists, including Abe,
won the award. The award ceremony
was held on April 16, 2013 in Tokyo,
JAPAN.
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Yoichiro Suzuki Receives Giuseppe
and Vanna Cocconi Prize

The European
Physical Society
announced to award
the Giuseppe and
Vanna Cocconi Prize
to Yoichiro Suzuki,
Director of Kamioka
Observatory at the
Institute for Cosmic Ray Research,
the University of Tokyo and Deputy
Director of the Kavli IPMU, and
Professor Art McDonald “for their
outstanding contributions to the
solution of the solar neutrino puzzle

A Vom
Yoichiro Suzuki

by measuring the flux of all neutrino
flavors from the Sun with the SNO and
Super-Kamiokande experiments.” The
Giuseppe and Vanna Cocconi Prize has
been awarded every two years since
2011 by the High Energy and Particle
Physics Division of European Physical
Society. The Prize is awarded to an
individual or individuals who have
made outstanding contributions to
Particle Astrophysics and Cosmology
in the past fifteen years. The prize
ceremony will be held on Monday July
22, at the 2013 EPS-HEP Conference in
Stockholm.

Gravitational Lensing Observation
of Galaxy Clusters Shed New Light
on Dark Matter
Professor Masahiro Takada is a

member of an international team of
astronomers from Academia Sinica,
Taiwan, University of Birmingham,
England, Kavli IPMU, and Tohoku
University, which has used the Subaru
Telescope to measure the distribution
of dark matter in fifty galaxy clusters
by means of gravitational lensing

and found that its density gradually
decreases from the center of these
cosmic giants to their diffuse

outskirts. This new evidence about

the mysterious dark matter that
pervades our Universe conforms to the
predictions of cold dark matter theory,
known as “CDM."

Past research based on a small
number of clusters did not conform
to CDM theory. In contrast, the fact
that this research sampled as many
as 50 clusters led to a successful
measurement of the average shape of
the dark matter density distribution.

In future, further progress is
expected from the measurement of
the distribution of dark matter in many
more galaxy clusters using the Subaru
Telescope’s new Hyper Suprime-Cam
(HSC) for gravitational lensing studies.

This result has been published online
in The Astrophysical Journal Letters, vol.
769, on June 1,2013.

“Standard Candle” Supernova

Extraordinarily Magnified by
Gravitational Lensing

A team of researchers at the Kavli
IPMU including Robert Quimby, Marcus
Werner, Masamune Oguri, Ken'ichi
Nomoto, and others has identified PS1-
10afx, a “superluminous” supernova
observed at a distance of about 9
billion light years is actually a Type la
supernova (SNla) 30 times magnified
by a strong gravitational lens.

The supernova PS1-10afx, discovered
by the Panoramic Survey Telescope
& Rapid Response System 1 (Pan-
STARRS1), was very luminous (about
100 billion times greater than our Sun),
and the Pan-STARRS1 team concluded
that PS1-10afx was intrinsically very
luminous, namely, a “superluminous”
supernova. Soon after the findings
were announced, Robert Quimby,
a Kavli IPMU postdoctoral fellow,
independently analyzed the data and
found that the features seen in the
spectra and the light curve of PS1-10afx
are almost identical to those of normal

SNla, which is known as the “standard
candle” to measure cosmological
distances. As Marcus Werner specializes
in mathematical theory of gravitational
lensing, the Kavli IPMU team found
an explanation that the anomalously
high brightness could indicate that PS1-
10afx was a SNla gravitationally lensed
by an object between us and the
supernova.

Gravitational lensing is one of a
few means to “observe” invisible
astronomical objects such as dark
matter, dark energy, and black holes. As
the “standard candle” property of SNla
is successfuly used to directly measure
the magnification due to gravitational
lensing in this work, it is expected
this method can be used to study the
nature of dark matter, test theories
of gravity, and help reveal what our
universe is made of.

This result appeared in The
Astrophysical Journal Letters, vol. 768,
on May 1, 2013.

Students of Leiden University
Visited Kavli IPMU
On May 1, 2013, graduate and

undergraduate students from Leiden
University in the Netherlands visited
Kavli IPMMU as a part of their

study abroad program in Japan.
Following the Associate Director

Nobu Katayama's introduction of Kavli
IPMU, they heard academic lectures

by Kavli IPMU postdoctoral fellows,
Rene Meyer, Cornelius Schmidt-Colinet,
Surhud More, and Robert Quimby.
They also enjoyed a guided tour of the
Kavli IPMU building and a Q&A session
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surrounding Kavli IPMU Professor
Masahiro Takada. Students who major
in physics and astrophysics asked
guestions about gravitational lensing,
superstring theory, and the like. Some
students said that they wish to stay at
Kavli IPMU for research in future.

Kavli IPMU Seminars

1. “On semi-continuity problems for
minimal log discrepancies”
Speaker: Yusuke Nakamura (U Tokyo)
Date: Apr 02, 2013

2. “Logaritmic conformal field theory
and the Verlinde formula”

Speaker: Thomas Creutzig (TU
Darmstadt)
Date: Apr 03,2013

3. “Complementarity or Firewalls: the
Emergence of Classical Worlds”
Speaker: Yasunori Nomura (UC
Berkeley)

Date: Apr 05, 2013

4. “A (Working) Verlinde Formula for
Fractional Level WZW Models”
Speaker: David Ridout (Australian
National U)

Date: Apr 09, 2013

5. “The Gamma Ray Line and Some
Tests”

Speaker: Xiaoyuan Huang (NAOC)
Date: Apr 10, 2013

6. “The First billion years of History —
Star-forming galaxies at the end of
the dark ages”

Speaker: Andrew Bunker (U Oxford)
Date: Apr 10, 2013

7. “Ideas for lab tests of dark energy”
Speaker: Robert Caldwell
(Dartmouth College)

Date: Apr 11, 2013

8. “Tidal disruption flares from stars

on eccentric orbits”

Speaker: Kimitake Hayasaki (Korea

Astronomy & Space Science Inst.)

Date: Apr 11, 2013

“Symplectic cohomology and

©o
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mirror symmetry”
Speaker: Daniel Michael
Pomerleano (Kavli IPMU)
Date: Apr 11, 2013

10. “Renyi entropy and Entanglement
spectrum”
Speaker: Shunji Matsuura (McGill U)
Date: Apr 16, 2013

11. “Search for New Physics at Belle Il
by Global Fit"
Speaker: Ryosuke Itoh (KEK)
Date: Apr 17,2013

12. “Horizon instability of an extreme
Reissner-Nordstrom black hole”
Speaker: Norihiro Tanahashi (Kavli
IPMU)
Date: Apr 17,2013

13. “Supersymmetric Boundary
Conditions in Three Dimensional
N=2 Theories”
Speaker: Satoshi Yamaguchi (Osaka)
Date: Apr 19, 2013

14. “Possible Effects of Galactic Cosmic
Rays on Climate and Weather”
Speaker: Hiroko Miyahara (ICRR)
Date: Apr 22,2013

15. “Dualities through the orbifold
equivalence in Chern-Simons-
matter theories”
Speaker: Mitsutoshi Fujita (Kavli
IPMU/Washington U)
Date: Apr 23,2013

16. “An Introduction of the Higgs
Particle to Astrophysicist and
Mathematician”
Speaker: Tsutomu Yanagida (Kavli
IPMU)
Date: Apr 24, 2013

17. “Novikov homology and its
geometric applications”
Speaker: Andrei Pajitnov (U Nantes)
Date: Apr 25, 2013

18. “Topological-antitopological
fusion and gauged linear sigma
models”
Speaker: Mauricio Andres Romo
Jorquera (Kavli IPMU)
Date: Apr 25, 2013
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19. “An introduction to the theory of
primitive forms (Part 1)
Speaker: Todor Milanov (Kavli IPMU)
Date: Apr 26, 2013

20. “An introduction to the theory of
primitive forms (Part 2)"
Speaker: Todor Milanov (Kavli IPMU)
Date: Apr 26, 2013

21. “SUSY (with explaining the muon
g-2 anomaly) at the LHC”
Speaker: Sho Iwamoto (Kavli IPMU)
Date: May 01, 2013

22. "Possible existence of viable
models of bi-gravity with
detectable graviton oscillations by
gravitational wave detectors”
Speaker: Takahiro Tanaka (YITP,
Kyoto U)
Date: May 02, 2013

23. "Parity violation in QCD process
via SUSY”
Speaker: Kunio Kaneta (Kavli IPMU)
Date: May 08, 2013

24. “Quantum tunneling in
the inflationary era and its
observational consequences”
Speaker: Kazuyuki Sugimura (YITP,
Kyoto U)
Date: May 09, 2013

25. “Finite-dimensional representations
over a quantum loop algebra and
their classical limits”
Speaker: Katsuyuki Naoi (Kavli IPMU)
Date: May 09, 2013

26. “The singularity theorems in
general relativity. I”
Speaker: Amir Aazami (Kavli IPMU)
Date: May 10, 2013

27. "Quantum quench in matrix
models: Dynamical phase
transitions, equilibration and the
Generalized Gibbs Ensemble”
Speaker: Takeshi Morita (KEK)
Date: May 10, 2013

28. “The SFR-M* relation from low to
high redshift”
Speaker: Alvio Renzini (INAF)
Date: May 13, 2013



29. “Minimal SUSY SU (5) GUT in the
high-scale SUSY scenario”
Speaker: Natsumi Nagata (Nagoya)
Date: May 15, 2013

30. “Structure and kinematics of
starforming galaxies at z~2"
Speaker: Alvio Renzini (INAF)

Date: May 15, 2013

31. “Superstring theory and
integrations over moduli space”
Speaker: Kantaro Omori (U Tokyo)
Date: May, 2013

32. “Galaxy Formation and Evolution
through Metals”

Speaker: Lisa Kewley (ANU)
Date: May 16, 2013

33. “The singularity theorems in
general relativity. II”

Speaker: Amir Aazami (Kavli IPMU)
Date: May 17,2013

34. “Twisted spacetime reduction in
large N QCD with adjoint Wilson
fermions”

Speaker: Masanori Okawa
(Hiroshima U)
Date: May 20, 2013

35. “Witten deformation and Morse
category”

Speaker: Ziming Nikolas Ma (CUHK)
Date: May 20, 2013

36. “Color Confinement and Emergent
Higgs”

Speaker: Ryuichiro Kitano (KEK)
Date: May 22, 2013

37. “The Hobby-Eberly Telescope Dark
Energy Experiment”

Speaker: Gary Hill (McDonald
Observatory)
Date: May 22, 2013

38. “Search for C-odd partner of X
(3872) at Belle”

Speaker: Tomoko Iwashita (Nara
Women's U)
Date: May 23, 2013

39. “Khovanov-Lauda-Rouquier algebras
and the symmetric groups (survey)”
Speaker: Shunsuke Tsuchioka
(Kavli IPMU)

Date: May 23, 2013

40. “The singularity theorems in
general relativity. IIl”
Speaker: Amir Aazami (Kavli IPMU)
Date: May 24, 2013

41. “Precision Event Generation for
LHC Physics”
Speaker: Stefan Hoeche (SLAC)
Date: May 29, 2013

42. “Construction of Explicit de
Sitter vacua in Type IIB Flux
compactifications”
Speaker: Markus Rummel (DESY)
Date: Jun 04, 2013

43. “Usage of Mathematica Beyond a
Calculator”
Speaker: Yi Wang (Kavli IPMU)
Date: Jun 04, 2013

44."“Global mirror symmetry for
invertible simple elliptic singularities”
Speaker: Yefeng Shen (Kavli IPMU)
Date: Jun 06, 2013

45. “The Gamma class and
perturbative sigma models”
Speaker: David R. Morrison (UCSB)
Date: Jun 07, 2013

46. “First cosmological results from
the Planck satellite”
Speaker: Francois R. Bouchet (IAP)
Date: Jun 07, 2013

47. “Displaceability of Lagrangian
submanifolds and Hamiltonian
Floer theory”
Speaker: Morimichi Kawasaki
(U Tokyo)
Date: Jun 11, 2013

48. “M-strings”
Speaker: Cumrun Vafa (Harvard U)
Date: Jun 11, 2013

49, “Study of top-quark anomalous
couplings through polarization”
Speaker: Saurabh Rindani (INSA)
Date: Jun 12,2013

50. “Lattice QCD —achievements and
perspectives —"
Speaker: Akira Ukawa (U Tsukuba)
Date: Jun 12, 2013

51. “Computing the fundamental group

of a Complex hyperbolic orbifold”
Speaker: Thatagata Basak (lowa
State U)
Date: Jun 13, 2013

52. “Neutron Star Thermal Evolution
and Properties of Ultra-High
Density Matter”
Speaker: Sachiko Tsuruta (Montana
State U)
Date: Jun 13, 2013

53. “New applications of de-Sitter
geometry in astrophysics I”
Speaker: Marcus Werner (Kavli IPMU)
Date: Jun 13, 2013

54. “The next-generation infrared
space mission SPICA”
Speaker: Takao Nakagawa (JAXA)
Date: Jun 13,2013

55. “3d dualities from 4d dualities”
Speaker: Shlomo S. Razamat (IAS)
Date: Jun 14, 2013

56. “Green function approach to self-
force calculations”
Speaker: Barry Wardell (U College
Dublin)
Date: Jun 18, 2013

57. “New 3d CFTs with 8
supersymmetries from topological
gauging”
Speaker: Bengt Nilsson (Chalmers
U of Technology)
Date: Jun 18, 2013

Kavli IPMU Komaba Seminars

1. “Calabi-Yau threefolds of Type K"
Speaker: Atsushi Kanazawa (U
British Columbia)

Date: Apr 24, 2013

Personnel Change

Kavli IPMU postdoctoral fellow
Sourav Mandal has taken a position
as staff scientist at the Institute for
Defense Analyses, USA. He was at
Kavli IPMU from July 1, 2010 to June
30, 2013.
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Properties of the Higgs Particle
Mihoko Nojiri

Principal Investigator of Kavli IPMU

After the discovery of “Higgs boson’, the study of the nature is going on. In the standard
model of particle physics, Higgs boson couples to the top quark most strongly, but the
coupling has not been proven yet because the rate to produce the top quarks with Higgs
boson is rather small. The coupling is indirectly observed though the Higgs production
cross section, because virtually produced top quarks may return to Higgs boson, but
there might be the effect of unknown particle contribution as well. Higgs nature is not
known precisely, because backgrounds are so high at LHC. The proposed e*e” collider,
ILC, might bring the crucial information to understand the nature of Higgs boson, and
new particles behind it. The ideas to reveal the Higgs nature will be discussed in the
school, “The future of collider physics™ to be held in July.
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