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Toshitake Kohno

Toshitake Kohno is Professor at the Graduate School of Mathematical
Sciences, the University of Tokyo, and is a principal investigator

at IPMU. He is a leading mathematician in geometry, topology,

and related fields of mathematical physics. He received his Ph.D.

from Nagoya University in 1985 and became a Lecturer at Nagoya
University in 1988, and an Associate Professor at Kyushu University

in 1990. He came to the University of Tokyo in 1992 as an Associate
Professor, and has held the position of Professor since 1995.
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Director’s Corner

Recruitment and Retention

The most important element to build an excellent
research institution is people. The institution is only
as good as its scientific membership. As | told you in
the previous issue of IPMU News, we exceeded our
goal of having a half of our scientific staff to come
from abroad. More importantly people we hired are
of very high quality, coming from leading universities
like Harvard, Princeton, Max-Plank Institute, Kyoto
University, University College London, or my own
Berkeley.

The world took notice. We are already facing the
problem that other institutions try to snatch away
our young scientists. We successfully retained one
by a promotion. The second one we lost to another
university in Japan. Now the third one is being
interviewed for a job in Germany. It is a tremendous
challenge to attract world-class talents. To retain
them is yet another challenge.

Given the challenge in both recruitment and
retention, we decided to start a fundraising
campaign. We need flexible funds to bring in
the best scientists from around the world so that
they can see IPMU in person and will consider our

positions. We need funds to make exceptional

arrangements to retain some of our young members.

In addition, we also need to pay careful attention

Director of IPMU
Hitoshi Murayama

to make sure that the spouses of our members are
happy. The funding from the government, no matter
how generous they may be, cannot be used for most
of these purposes. In addition, we would like to start
building endowment to ensure our future beyond
the guaranteed funding of ten years. To maintain
the current level of activity, we will need to build at
least $250M of endowment.

Here is the chicken-and-egg problem. We would
also like to open a foundation Friends of IPMU to
accept donations, which will require staffing and
seed money. Unless there is a substantial amount of
funds to begin with, we cannot even get started.

The University of Tokyo listened to us. They are
setting up a new homepage where anybody can
make a donation by a secure credit-card transaction.

You access
https://payment.utf.u-tokyo.ac.jp/general2_eng.html

and can make contributions to IPMU, both in English
and Japanese. Under the question “How you would
like your donation to be used”, click the button
“other”, and then make sure to specify IPMU in

the blank space right under it. Remember Barack
Obama: small donations can make a history. Yes, we

can!

Director's
Corner



F E AT U R E Principal Investigator TOShlta ke KOhnO

Research Area: Mlathematics

Braids and 3-Dimensional
Geometry Interacting with Physics

Interactions between geometry
and physics

Geometry and physics have been developed with
a strong influence on each other. It is well known
that the differential geometry developed by Gauss
and Riemann from the middle of the 19th century
became the basis of Einstein's general relativity.
The classical mechanics founded by Newton,
through to the formulation of analytic mechanics by

Lagrange and Hamilton, yields an important area of

contemporary geometry called symplectic geometry.

As we see in these examples the interactions
between geometry and physics occur sometimes in
an unexpected way. One of the most remarkable

features of the new developments in the last few

Figure 1

(a) Braid diagram (b) Braid relation

decades is that the quantum field theory ties up
with the deep properties of topology. In this article
we shall take a glance at recent trends in these
research areas, focusing on the theory of braids and

3-dimensional geometry.

Braids and the Dirac spinor

A braid is represented by a diagram with a bunch
of vertical strands linked to each other as shown in
Figure 1 (a). It is essential to distinguish over crossings
and under crossings. We define the product of two
braids by composing them in the vertical way. The
braids shown in Figure 1 (b) are obtained one from

the other by moving strands fixing the endpoints.

(c) Figure 8 knot
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In general we shall identify braids obtained by such
a continuous deformation of strands. Figure 1 (b)
shows the most fundamental relation among braids.
The notion of braids was defined by Artin in the
middle of 1920’s.

The beginning of the 20th century was the era of
the establishment of quantum mechanics as well.
Dirac was a physicist who noticed the importance of
the notion of braids in an early stage. He effectively
exploited braids for explaining the notion of spinors
in guantum mechanics. The spinor is a multi-valued
guantity so that it changes the sign by the rotation
of 360 degrees and becomes identical by the
rotation of 720 degrees. Let us perform a simple
experiment using a belt as shown in Figure 2. We fix
one end point and make two full twists by rotating
the other end by 720 degrees. Then we move the
end we have twisted as shown in Figure 2 and
finally obtain a belt without twists. One full twist
cannot be resolved in this way. This shows in terms
of braids that a braid for the rotation of 360 degrees
on the sphere cannot be trivialized by a continuous
deformation, while a braid for the rotation of 720
degree can be trivialized, which is related to the

existence of the spinor.

From braids to
infinite-dimensional geometry

On the other hand, braids play an important role
in topology. By closing braids we obtain knots or
links. A knot is an embedded closed curve in the
3-dimensional space and a link is a disjoint union
of embedded closed curves. For example, closing
the braid shown in Figure 1 (a) we obtain the knot
in Figure 1 (c). Knots are remarkably complicated
objects and, even with all the sophisticated

techniques of contemporary topology, they have

resisted a definitive treatment. We could say that
difficulty in 3-dimensional topology is concentrated
on the complexity of knots.

In the middle of 1980’s, Jones invented a
significantly novel technique in knot theory. This was
the discovery of the Jones polynomial derived from
the theory of operator algebras. Representing braids
by linear operators Jones extracted new topological
invariants for knots and links. This invariant was
completely different from known invariants based
on classical technigues in topology such as the
Alexander polynomial.

A few year later Witten proposed a formulation
of the Jones polynomial by means of the quantum
field theory. He defined it as the partition function
of the 3-dimensional Chern-Simons gauge theory.
This is given as a certain average of infinitely many
guantities and its topological invariance manifests in
its form as far as it is mathematically well defined.
Here the topological invariance means that the
defined quantity does not depend on information
derived from metrics such as length and angle etc,
and is invariant under continuous deformation.

The Jones polynomial can also be interpreted as

Figure 2 Belt trick

§ =

9, 9
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the partition function in statistical mechanics. The
braid relation shown in Figure 1 (b) is written as
ABA=BAB and is called the Yang-Baxter equation. It
is an integrability condition in statistical mechanics
and the algebraic structure behind it was formulated
as the notion of quantum groups by Drinfel'd and
Jimbo. Moreover, the theory of Witten formulated
as 2+1 dimensional topological quantum field
theory reveals a relationship with the 2-dimensional
conformal field theory. The conformal field theory
was initiated by physicists Belavin, Polyakov and
Zamolodchikov as the theory for infinite dimensional
symmetries in critical phenomena in statistical
mechanics. Later on Tsuchiya and his collaborators
established its mathematical foundation based

on the notion of infinite dimensional Lie algebras.
Chern-Simons theory, conformal field theory and
guantum groups are intricately related with the

key word of the Jones polynomial. Researchers in
mathematics at IPMU have made a considerable

contribution to the development of these areas.

Geometrization of spaces

Given a local geometric structure of a space,
determining its possible global geometric structure

is an important problem. This research area has

Figure 3
Tessellation of the hyperbolic plane

been developed as one of the principal trends in
geometry since the 20th century. For example,

a closed oriented surface with a metric so that

it is locally isometric to the Euclidean plane is
known to be a torus. Closed oriented surfaces

are topologically classified into a sphere, a torus

and surfaces of genus greater than 1, which are
obtained as connected sum of tori. The number of
tori appearing in the connected sum is called the
genus. We shall say that a torus has a geometric
structure modeled on the Euclidean plane. A surface
of genus greater than 1 has a geometric structure
modeled on the hyperbolic plane as shown in Figure
3. Figure 3 shows a tessellation of the hyperbolic
plane by regular triangles. We consider the metric
inside the disc so that all the triangles are isometric
to each other. This model of hyperbolic geometry

is called the Poincaré disc. In this way we see that
there are 3 kinds of geometric structures for closed
surfaces, spherical geometry, Euclidean geometry
and hyperbolic geometry. The curvature is a positive
constant for spherical geometry, is zero for Euclidean
geometry and is a negative constant for hyperbolic
geometry. The angle sum of a triangle is more than
180 degrees in the spherical case and is less than
180 degrees in the hyperbolic case.

The next issue is to investigate possible geometric
structures for 3-dimensional spaces. This is the
problem of geometrization of spaces. As in the
2-dimensional case there are 3 kinds of models of
constant curvature, 3-dimensional spheres (positive
constant curvature), Euclidean space (zero curvature)
and 3-dimensional hyperbolic space (negative
constant curvature). There are miscellaneous models
constructed from 1-dimensional and 2-dimensional
geometric structures and in total we have 8 kinds of

models for 3-dimensional geometric structures. We
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(a) Flat space (b) Positively curved space

Figure 4 These picture are drawn by the software [3] developed by Weeks.

show in Figure 4 tessellations by regular polyhedra of
the 3 kinds of model spaces of constant curvature.
An approach to 3-dimensional topology by means of
these geometric structures was initiated by Thurston
in the 1980’s with a huge impact on the research in
topology.

[t is known that the complement of the figure
8 knot shown in Figure 1 (c) is equipped with
a complete hyperbolic metric. It was shown
by Thurston that with finitely many families of
exceptions the complements of allmost all knots
have such hyperbolic structures. This led to
important progress in the theory of knots and
braids. The geometrization for general 3-dimensional
spaces was conjectured by Thurston and settled
by Perelman a few years ago. Perelman’s method
exploits the asymptotic behavior of the solutions of
the differential equation for the metrics called the
Ricci flow. In this approach techniques derived from
physics such as renormalization play an essential
role in controlling divergent solutions. This is a new

interaction between geometry and physics.

V4

(c) Negatively curved space

Feature
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Ke nta ro H o I’i Research Area: Theoretical Physics

IPMU Professor

My research is motivated by two questions:
What is the fundamental law of Nature? \Which

mathematics is used to describe it? The right

theoretical framework must unify general relativity
and quantum mechanics. It must be described, |

think, by a language which unifies mathematical

areas that were born and grew up individually with guantum gauge theory. This work led to further
these two physics developments. String theory is a development such as correspondence between
leading candidate for such a framework. D-branes.

“Mirror symmetry” is an example that suggests Currently, I am studying string compactifications
“unification of mathematics.” It is a phenomenon using various techniques including mirror symmetry.
that strings moving in two different spaces lead to One big goal is to obtain a picture of totality of

exactly the same physics, in a surprising way in which theories with minimal supersymmetry in four-

symplectic geometry and algebraic geometry of the dimensions. At the same time, | aim to develop the
two spaces are exchanged. We have shown that it best language to describe the theory, in collaboration
can be understood using duality in two-dimensional with mathematicians.
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On October 3", 2008, IPMU full-time members gathered to celebrate the
institute’s first anniversary. By contrast, when IPMU launched on October 1%,
last year, there was no full-time members. IPMU is ramping up very quickly.

Ka I M d rte NS Research Area: Experimental Physics

IPMU Associate Professor

“Physics or philosophy?” was the question that
got answered when, in 1994, | received my Ph.D. in
physics from Heidelberg University in Germany. It was
earned during five exciting years on a hyperon beam
experiment at CERN.

In 1995 | came to the University of Tokyo to build
the Super-Kamiokande detector. Five wonderful years
of doing neutrino physics in Kamioka and preparing
for K2K at KEK ended when in 2000 | joined the
faculty at the University of Utah. Results from our
HiRes experiment in Utah changed the paradigm in
cosmic ray physics. The next generation Telescope
Array experiment is now taking data, and | had a
major role in bringing that about.

The biggest problem in particle astrophysics today
is Dark Matter. | am really excited that at IPMU | have

the opportunity to work on the XMASS experiment
in Kamioka. What will this new and challenging
Dark Matter experiment teach us? Are there WIMPs
out there? Working towards answers to these
guestions | also watch for Supernovae again with
Super-Kamiokande and ultra high energy cosmic
rays with Telescope Array. Experimental data are
the foundation of knowledge, and at IPMU we seek

knowledge - of the Universe.

Our Team



Yen-Ting Lin

Postdoc

Research Area: Astrophysics

| work on galaxy formation and clusters of galaxies.

In the cold dark matter paradigm, the formation and
evolution of galaxies are strongly coupled to that of
the dark matter, and therefore a detailed knowledge
of galaxy formation processes may serve as a
fundamental check of the underlying cosmological
model.

At IPMU, | plan to study (Dthe role of mergers

and feedback from supermassive black holes in the

Domenico Orlando

Postdoc

One of the greatest strengths of string theory is
the web of connections among seemingly unrelated
areas of physics and mathematics. To this date, |
have concentrated my research activity in two main
directions: the study of exact conformal field theory
(CFT) solutions in string theory and the study of
topological strings. Regarding CFT, | am interested in
how the world-sheet and target-space descriptions
interact and how methods from conformal field

theory can solve problems in supergravity and vice

Seong'Chan Pa I’k Research Area: Theoretical Physics

Postdoc

I am looking for the physics beyond the standard
model. The best chance will come from the Large
Hadron Collider and from cosmological/astrophysical
observations which show us the true nature of our
mother universe.

Currently | am working on the higher dimensional

models which might be responsible for the

Research Area: Theoretical Physics

formation of massive galaxies, @the evolutionary
connection between the present-day galaxies and
those at z=1, using data from the HyperSuprimeCam,
and @the constraining power on cosmology from

galaxy clusters.

versa. My interest in topological strings is mainly
related to the exploration of the correspondence
between crystal melting and the topological

A-model.

deep mystery of electroweak scale physics and
the guantum nature of space-time. The higher

dimensional black hole is one of my favorite topics.
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Mikael Pichot

Postdoc

Research Area: Mathematics

| work on geometry, dynamical systems, and
operator algebras. In other words, the study of spaces
and the influence their geometry has on symmetry
groups and operator algebras associated with them.
Specifically, my recent achievements are concerned
with geometric group theory (e.g. L2 cohomology,
intermediate rank), nonpositively curved spaces (e.g.

Bruhat-Tits buildings, polyhedral complexes of friezes),

Susanne Reffert

Postdoc

| am trained as a string theorist, but my research has
also taken me into the subjects of algebraic geometry,
guantum algebra, knot theory, combinatorics, and
various facets of statistical physics. Therefore, |
have come to consider myself more generally a
mathematical physicist. My primary interest is directed
towards the interface between mathematics and
physics, as well as the connections between several

different subfields. Examples of such connections are

Jan Schuemann

Postdoc

| am working to upgrade the Super-Kamiokande
(Super-K) detector by introducing Gadolinium
(Gd) to the water. This enhancement will enable
the experiment to observe neutrons produced in
neutrino (and other) interactions, which in turn will
allow Super-K to observe relic supernova neutrinos
and reactor neutrinos.

Currently, I am developing a device to precisely

measure the transparency of liquid solutions, such

Research Area: Theoretical Physics

Research Area: Experimental Physics

foliation theory (e.g. concentration of transverse
measures), and noncommutative geometry (e.g.

property RD, Baum-Connes).

the relations between string theory and geometry or
string theory and aspects of statistical physics, such

as dimer models and integrable spin chains.

as the pure water of Super-K and a 0.1% (by mass)
Gd solution. Additionally, | am performing studies of
data quality and background estimates for the Gd
upgrade.

Our Team



Kenneth Shackleton

Postdoc

In low-dimensional topology and geometric
group theory, an exciting strategy is to associate to
a compact manifold or a finitely generated group
a connected graph: Witness Gromov's programme
to study the large-scale geometry of groups (via
their Cayley graphs), or Minsky et al’s solution to
Thurston's ELC, or Hatcher-Thurston’s algorithm
giving finite presentations of surface mapping class

groups. The aim always is to elicit an underlying

Research Area: Theoretical Physics

Jing Shu

Postdoc

Our current description of microscopic structure in
Nature is the Standard Model (SM) of particle physics,
where all elementary particles gain their masses
through electroweak symmetry breaking (EWSB).
Theorists have come up with many new models to
address the origin of EWSB with different predictions
at the TeV energy scale to confront the experimental
data from the Large Hadron Collider (LHC). The
origin of dark matter and the existence of baryon

asymmetries in our universe also require new physics

Jiayu Tang

Postdoc

Research Area: Cosmology

Great progress has been made in observational
cosmology, which has led to more astounding
discoveries in cosmology than we ever expected,
i.e., the existence of so-called dark matter and dark
energy. To explore the nature of the dark universe
has become the common task of observational and

theoretical cosmology. My current research interest

Research Area: Mathematics

principal. These objects then take on a life of their

own...

beyond the SM.

My research has been focused on model building
to interpret EWSB, deciphering collider signals at the
LHC, and understanding general aspects of weak
scale cosmology such as dark matter and baryon

asymmetries.

is to investigate the dark universe with cosmology

experiments.
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Focus Week: Messengers of Supernova Explosions

Ken'ichi Nomoto
Principal Investigator

Keiichi Maeda

IPMU Assistant Professor

Some stars end their lives with a
gigantic “supernova explosion.” They
become so bright, typically as bright as
the host galaxy that contains more than
10 or 100 billions of stars, that the light
even from the supernovae taking place
far away in the Universe is detectable on
the Earth. Observations such as these led
to the discovery of dark energy in the
Universe. To identify the nature of this
enigmatic dark energy, it is necessary to
deepen our theoretical understanding of
supernovae, as well as to perform very
accurate observations.

A supernova explosion is a complex
phenomenon, with various branches of
physics taking roles in it. As such, our
understanding of supernova explosions
is still far from satisfactory. From 17 to
21 November, 2008, we hosted an IPMU
Focus Week entitled “Messengers of
Supernova Explosions,” with the aim of
identifying unresolved problems and then
coming up with new ideas to solve them.
We successfully gathered researchers
working at the forefront of supernovae
for this purpose. For invited speakers, we
intentionally selected young researchers
from various backgrounds, from both the
theoretical and observational sides, to
motivate new, synergistic approaches.

The following is a brief summary
of the talks presented at this Focus
Week. A supernova is triggered by a
catastrophic gravitational collapse of
a star, producing a large amount of
neutrinos. Direct observations of such
neutrinos will lead to the discovery of
new neutrino physics (George Fuller/
UCSD, Alexander Kusenko/UCLA). The
accumulation of neutrinos emitted in a
number of past supernovae is expected

to be detected by Super-Kamiokande

in the near future, which will provide

an insight on how many supernovae
have taken place in the Universe (Mark
Vagins/IPMU). Spectroscopic observations
of supernovae in optical and infrared
wavelengths are strong tools to
investigate the still-unknown mechanism
of supernova explosions (Christopher
Gerardy/Florida State Univ.,, Lifan Wang/
Texas A&M, Keiichi Maeda/IPMU).
Recent developments in observational
methods have led to the discovery of
new types of supernovae, which are
either extremely bright or faint (Peter
Nugent/LBNL, Giuliano Pignata/Chile,
Sergei Blinnikov /ITEP - IPMU). Studying
these phenomena will provide hints on
stellar evolution theory (Marco Limongi/
Roma Obs. - IPMU) and on the explosion
mechanism (Steve Bruenn/Florida
Atlantic Univ., Chris Fryer/LANL). We

also expect improvements in supernova
cosmology (Mario Hamuy/Chile, Mamoru
Doi/U.Tokyo - IPMU). Supernovae are

the origins of various elements in

the Universe (Shinya Wanajo/IPMU,
Hideyuki Umeda/U.Tokyo), which can

be directly tested by observing Galactic
supernova remnants (Hiroshi Tsunemi/

Osaka Univ.). The variety of information
mentioned above was summarized in
terms of supernova luminosity and the
masses of the progenitor stars (Ken'ichi
Nomoto/IPMU), which motivated
intensive discussion on how to tackle the
unresolved problems clarified during this

Focus Week.

Each talk was followed by plenty
of time for discussion following the
successful format of the previous Focus
Week workshops. Discussion hours
of about two hours were held in the
afternoon, with offices and WLAN
available for the participants. Holding
the discussion hours turned out to be
very fruitful, as the participants planned
new collaborative projects during this
free time. In organizing the Focus Week,
we managed to create an atmosphere
in which everyone felt relaxed. The
participants took dinner together every
evening, and also went on an excursion
to Tokyo on the Thursday afternoon.
These efforts were welcomed by the
participants. The Focus Week was very
successful; most participants presented
really new, unpublished results, and
everyone became involved in intense
discussions based on these new results.

Workshop



IPMU Interview

with Maxim

Interviewer: Kyoji Saito

Received the special
education in mathematics
for gifted students in Russia

Saito: | really enjoyed your
seminar today. In spite of its
title, “Wall-Crossing”, your talk
covered many recent
developments in mathematics
in interaction with physics
and, in particular, with string
theory. It was really exciting
and | enjoyed it very much.
But let's come back to that
later, and start with a more
general story. Let’s bagin with
your general background. You
were born during the Soviet
era. Later, during your studies,
the system changed and now
you are working in Western
countries.

Kontsevich: Actually, the
system changed after my
studies.

Saito: Could you briefly
describe your education? Howe
did you become a scientist and
mathematician?

Magim Kontsevich s permansnt
professor at the Institut des Hautes
Etudes Seientifigues (HES) in
France: He was awarded the Fields
Medal, the world’ s highest hanor in
mathematics, in 1998, He was also
awarded the 2008 Crafoord Prizein
mathematics by the Royal Swedish
Academy of Sciences, jointly with
Edward Witten, for their important
contributions to mathematics,
inspired by modern theoretical
physics,

IPRAU News

No. 4

Kontsevich

Kontsevich: Therewas a
system of special mathematics
schools in Russia, created

as early as the 1960s by
Kolmogorov. The system

was open to students with
mathematical talent for their
last three years of school,
from the ages of 14 to 16.
There weere three or four
schools in Moscow and

some in Leningrad. My clder
brother also studied in ore

of the schools. Itwas he

who gave me my interest

in mathematics. My parents
are not mathematicians. My
maother was a rocket engineer
and my father was a specialist
in Korean language and
history.

Saito:  Anacademic family.
Kontsevich: 's academic,
but first-generation academic.
My grandfather on my
father's side was from a
peasant family, but he became
a self educated engineer. He
was a kind of inventor.

Saito: In the Soviet era?
Kontsevich: Inthe Soviet
era, yes. My grandparents

on my mother's side were
accountants, but not
academic. So my parents were
first-generation... Actually,
only my father, because my

mother was not academic; she

December 2008



was in engineering. | also got
some goed results quite early,
when | was only ten years old.
| vwas a participant in some
Olympiads and impressed my
teachers, so | skipped one year
in school. Then, also at the
age of 14 or 15, | attended
one of the special schools in
Mascowe. | participated in the
Mathematical Olympiad and
studied at Moscowe University.
| have to say that this
part of my life in Russia was
quite happy. | was under the
protection of some of my older
colleagues. After university
lworked for the Institute
for Preblems of Irformation
Transmission for five years in
a very good laboratory whose
theme is the mathematics of
information theory, coding
theory, dynamics of large
systems, etc. In 1988, at the
beginning of Perestraika, |
went to France for one month.
['was 24, | went at that time
as a specialist in statistical
physics. So | went essentially
to Marsellles, but also to the
IHES in Paris. Then in 1920 |
was invited for three months
to the Max Planck Institute.
This was kind of an interesting
development. At the end of
my stay, there was a traditional

meeting of mathematicians in

Europe called “Mathematische
Arbeitstagung.” Michael
Atiyah gave the first talk and
explained Witten's conjecturs
about matrix integrals and
intersection theory. | somehow
got an idea how o approach
it. The next day | explainad the
idea to Ativah. People got so
excited, and they invited me to
the Max Planck Institute.

Then in the beginning of
1921 | came to Max Planck.
Actually | got my Ph.D. in
Germany. For some reason |
didn'tget itin Moscow.
Saito:  So the change in
the system didn't have much
of an irfluence on your
development?

Kontsevich: No, | left kind
of early, betfore that.

Omnivorous mathematician

Saito: Of course you had

Kyoji Saitois a Princpal Investigator
at IPRALL Since April 2008, he has
been Froject Professor at IPMLU, He
is also Professor Emeritus of the
Research Institute for Mathematical
Sdences (RIMS), Kyato University.
He served as Director of RIMS from
April 1996 to March 1998,

Interview



an interest in the Witten
conjecture earlier. How did
you get into this branch of
mathematics? Obviously
Kolmogorov and Gelfand
were really big names in
mathematics.

Kontsevich: Actually, | was
a student of Gelfand.

Saito: Gelfand! You could
claim they were doing
mathematics, but there was
a very strong interaction with
mathematical physics. What
do you think about this?
Kontsevich: Yes.
Mathematical physics made a
very strong impression on me.
In my last year at university, in
about 1984 or 1985, there was
a big discovery in theoretical
physics - conformal field
theory, initiated by Belavin,
Polyakov, and Zamolodchikov
in Moscow. It was a discovery
of critical behavior in two-
dimensional systems. It was
influenced also by the work
of mathematicians, | have to
say, because Feigin and Fuchs
worked out the characters

of Virasoro algebra by really
formal reasons. It was not
related to physics at the time.
Saito: You started on
Gelfand-Fuchs cohomology
and then came to more...
Kontsevich: Yes, | was
studying this as well. But the
Gelfand Seminar covered

a very wide subject. All of
mathematics was covered.
Two hundred participants
came every Monday. The
Gelfand Seminar started in
1942 or 1943. It was in World
War Il, during the evacuation,
when he started the seminar.
It continued for more than 50
years. It was the major seminar
in Moscow. There were 200
or 300 participants. It was
also very long. It started at
7:00 in the evening and went
on till midnight, almost till the
last train on the metro. Great
participants. Unpredictable.
Saito:  You have described
your history up until you came
to the Witten conjecture. Since
then you have been involved
in so many very big subjects.
Kontsevich: Even before |
was covering many subjects
and doing many projects
which are not yet written.
Omnivorous mathematician, |
have to say.

Saito: Yes, | understand
these tendencies. But how do
you choose these subjects?
Do you have some global
picture of what you want to
do, perhaps unconsciously?
Or are you just attacking the
problems you find in front of
you?

Kontsevich: I'm not
attacking problems. I'm just
trying to formulate for myself

what is going on. The Witten
conjecture was one of the few
things which I really solved as
a problem.

Saito: lunderstand very well.
At least in this seminar today,
you described a new general
framework to understand
many aspects. From my side, it
looks like the study of periods
over some vanishing cycles,
but of course there are so
many other aspects to this you
have described. In my case,

I have a goal of describing

a period map for a certain
primitive form, but in your
case...

Kontsevich: No, no.1

do not have any particular
goal. Just to understand

the mathematics of physics

of quantum field theory. It

has been a great source of
inspiration for the last twenty
years.

The interaction between
mathematics and physics:
from Witten to the future
Saito: That's very nice. Now
we are coming to a more
central topic in our discussion,
the Institute for the Physics
and Mathematics of the
Universe. In this sense, there is
an interaction between physics
and mathematics. How do you
describe this interaction?
Kontsevich: It was very
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successful. During the forties,
fifties, and sixties, there

was not much interaction
between theoretical physics
and mathematics. But then
various ideas started to flow
in both directions. Gauge
theory in fundamental
particles, quarks, is related

to bundles with connections
in mathematics. Then there
were super-symmetry and
integrable systems. There were
different periods and different
directions. Then there came
the Witten era. Before that it
had been quantum groups,
conformal field theories, and
the beginning of topological
theories. It's a very fruitful
relationship. But many things
go not only in one way. It's
not just from physics to
mathematics; it's also from
mathematics to physics.
Saito: Itis influential

for both sides. And this
relationship is very fruitful. |
agree. But could you describe,
as you see the prospects, how
it should go further? At least
for me, we can't yet see the
end.

Kontsevich: It seems that at
the end of the day, this great
structure that was discovered
from string theory, M-theory,
is kind of like a huge analytic
function. If you know in detail
one point you know all points.



All theories in physics of
various dimensions seem to be
related to limiting cases of this
big universal object, which will
keep mathematicians occupied
maybe for several hundred
years. [Laughs] Maybe less; |
don't know. But it’s really one
of the major things which will
happen to mathematics.

Grasping the essence of
problems from a single sign

Saito: Could you describe
a little how you would

like to work further in this
interaction?

Kontsevich: Yes, it's very
hard to predict. | don't really
make any plans, | have to say.
Saito: Youdon't

make any plans.
Kontsevich: Yeah. At work
| usually have many, many
unfinished projects, so | try
to think of them as they are
probably related.

Saito: That shows that
you are really in the middle
of working hard and actively
where things are still moving.
Kontsevich: Oh yes. There
are plenty of interesting
directions.

Saito: Could you give some
more explicit examples?
Kontsevich: One very
broad theory which
constantly appears in my
work is the relationship

with noncommutative
geometry, noncommutative
algebra, and string theory. |
have many projects related
to this relation between,

say, the multiplication of
matrices (it is associative

but non-commutative) and
the geometry of surfaces.
There are really an amazing
number of relations between
geometric and algebraic
intuition. From the past |
remember that from 1992 and
1993 | proposed homological
mirror symmetry by formal
algebraic analogies. This was
a few years before string
theorists had D-branes. So
they reinvented it several
years later in physical

terms. But as a result of this
discovery of homological
mirror symmetry, which was
described with a language
of very abstract algebraic
theory of triangulated
categories, now it's actually
used by physicists. That was
completely unexpected. Yes,
it's one of the most abstract
mathematical theories.
Saito: You didn't

expect that it could be used
more in physics?
Kontsevich: No. I came to
this theory because it looked
like an ultimate formulation
of the phenomenon of mirror
symmetry. But physicists

really put it into a different
framework. It's something
which potentially can calculate
physical quantities in string
theory models.

Saito: This is one typical
point of your work. But | find
that in much of your work,

by hearing one symptom you
capture the central point of
the problem and then give
some general big framework.
That's my general impression
of what you are doing.
Kontsevich: Yeah, | really
don't work on examples at
such a level.

Saito: How can you work in
that way?

Kontsevich: For myself
sometimes | work on one or
two examples, but...

Saito: You already keep
some examples in mind, but
still you construct theory.
Kontsevich: Yes. And
generally | find examples
sometimes to be misleading.
[Laughter]. Because often the
properties of examples are too
special, you cannot see general
properties if you constantly
work too much on concrete
examples.

Saito: |know one

very famous example,
Grothendieck. He's a person
who can make a big, big
framework without any
examples. Actually this

framework is not general
nonsense, but profoundly
captures the mathematics.

| find what you are doing
similar. You give a big
framework which captures the
core of the subject. It's really
an amazing ability; not many
mathematicians are doing this.
So | repeat the question again:
How do you do it?
Kontsevich: 1don't know.

| think it is just an experience,
nothing special. A friend of
mine and | kind of jokingly
call ourselves “specialists in
general questions.”

Saito: Today in the seminar
I have already seen that you
are currently working on this
new framework. | hope that
you continue working in this
direction and that you are
successful.

Kontsevich: Iwould like to
thank you for the invitation.

It was a great pleasure to

give talk at IPMU with a very
active audience and a relaxed
atmosphere. In fact it is my
first visit there, and | see that
you have an excellent research
group. | wish the brightest
future to the Institute, and
hope to come to Kashiwa
again, maybe next year.



IPMU Celebrates First Anniversary

October 1, 2008, was the first
anniversary for the IPMU. At a press
conference held on October 2 to mark
the occasion, Director Murayama
noted that the institute is now “visible
worldwide.” The institute has become
a successful international research
center with more than half of the
staff scientists from abroad. A party
was held on October 3 following
a staff meeting and a PI (principal
investigator) meeting.

Press conference

Birthday cake prepared by an IPMU volunteer
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News from Kamioka Satellite

The IPMU Kamioka Satellite Office
began operations on September 16,
2008 in Higashi-Mozumi, Kamioka,
Hida City in Gifu Prefecture, about
ten minutes drive from the Super-
Kamiokande and KamLAND.
Currently, the satellite office is within
the Kamioka Observatory Office of
the Institute for Cosmic Ray Research.

A new IPMU satellite building is
under construction and expected to
be completed by the end of this fiscal
year.

Shigeki Sugimoto Co-winner of
2008 Yukawa-Kimura Prize

On October 7, 2008, the Yukawa
Foundation announced that this
year's (2™) Toshiei Kimura Theoretical
Physics Prize (Yukawa-Kimura
Prize) has been awarded to Shigeki
Sugimoto of IPMU and Tadakatsu
Sakai of Ibaraki University for their
contributions to the development
of a holographic dual of QCD
based on gauge/superstring-
gravity correspondence. This is an
achievement to describe strong
interactions among hadrons (such as
protons, neutrons, and mesons) using
superstring theory. Their pioneering
work has attracted significant
attention and their two papers
have garnered nearly five-hundred
citations. The award ceremony will
take place on January 23, 2009.

The Yukawa-Kimura Prize is given
to those who make a significant
contribution in fundamental
theoretical research in the areas
of gravity/space-time theory, field
theory, and related areas. Winners of
the prize are expected to continue to
take leading roles in these areas.
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Ken'ichi Nomoto and International
Colleagues Resolve Supernova
Puzzle Using Subaru Telescope
Prof. Ken'ichi Nomoto (IPMU
principal investigator) and
international colleagues have
confirmed that the supernova
observed by Danish astronomer Tycho
Brahe in 1572 was a standard type la
supernova. Their findings are based on
a spectroscopic analysis of visible-light
echoes from the Tycho supernova
remnant and were published in the
December 4, 2008, issue of Nature.
Type la supernovae are an
important tool in observational
cosmology. Studies of them revealed
the existence of dark energy. They are
also a dominant source of the heavy
elements around us. “Echo” light
may allow the mechanism of type
la supernova to be studied in three
dimensions.

Second Meeting of the External
Advisory Committee

The second meeting of the IPMU
External Advisory Committee was
held on November 18, 2008. The six
participants (including those attending
via video conferencing) offered useful
advice regarding future activities for
IPMU.

External Advisory Committee

Public Lecture by Director Hitoshi
Murayama on “The Mystery of
the Missing Antimatter”

A two-day open house was held
October 24-25, 2008, at the Kashiwa
Campus of the University of Tokyo.



On October 25, IPMU Director Hitoshi
Murayama gave a public lecture at
the Media Hall in the University's
Kashiwa Library. The lecture,

entitled “The Mystery of the Missing
Antimatter,” covered the Kobayashi-
Masukawa theory that had won the
2008 Nobel Prize in Physics as well as
other topical subjects. The lecture was
very well received by the audience of
two hundred and eighty people.

- e 2 A e

Director Murayama's lecture at Media Hall was
well attended.

Director Murayama later gave
a lecture on the same subject at
Miraikan (National Museum of
Emerging Science and Innovation)
during "Science Agora 2008," which
was held November 22-24, 2008
in Odaiba, Tokyo. The lecture was
jointly organized by the IPMU and
the Study Group for Communications
in Science and Technology, which
is a network of people in charge of
communications at various research
centers and universities. The Study
Group promotes the development of
expertise by encouraging members to
share problems and information with
others outside their affiliations.

After the lecture, Director
Murayama and two others from
different institutions exchanged
opinions. Through his participation
in this event, Director Murayama
showed his strong support for
scientific communication.

Conference Report

Workshop: Exceptional
Collections and Degenerations
of Varieties

This workshop was held September
1-5, 2008, in the IPMU seminar room.
Focus Week: Quantum Black
Holes

Held September 12-16, 2008, in the
Media Hall at the University of
Tokyo's Kashiwa Library, this event
was organized to foster further
progress in understanding quantum
black holes and developing a new
language - new mathematics - to
describe quantum gravity. Seventy
people, many from abroad, attended
the 5-day event.

! L gl
Discussing quantum black holes

Focus Week: Micro-Local
Analysis on Symplectic
Manifolds

This workshop was held September
16-18, 2008, in the IPMU seminar
room.
Focus Week: Messengers of
Supernova Explosions

Held November 17-21, 2008, in the
Conference Room at the Kashiwa
Library, this event allowed supernova
researchers to summarize and discuss
their various areas of current research.
Further details are reported on page 13.

Future Conferences

Workshop: Supersymmetry in
Complex Geometry
This six-day workshop will be

held January 4-9, 2009. Physicists
have used supersymmetry to invent
many new kinds of generalized
Kahler structures, which are useful
in the study of complex geometry.
The workshop will provide
mathematicians and physicists
working in supersymmetry and
generalized complex geometry the
opportunity to discuss their progress
and perspectives.
Focus Week: Determining
the Masses and Spins of New
Particles Found at the LHC

This 5-day event will be held March
16-20, 2009. If new particles are
found at the LHC, the main challenge
will be to correctly determine their
masses and interactions amid a
huge background as well as huge
production and decay processes.
The aim of this focus week will be
to review and compare the many
methods that have been proposed in
recent years for determining the mass
and spin of a new particle and to
explore the physics that may emerge
from these analyses.

Seminars

The IPMU hosts regular seminars
every Wednesday at 3:30. Speakers
from around the world are invited.
Information is posted on the IPMU
website at http:/ipmu.jp/seminars.

One purpose for these regular
seminars is to encourage researchers
from different fields to understand a
variety of specialties.

Separate seminars are also held
for each research field. At present,
seminars for particle physics and
astrophysics are held every Thursday
at 1:30 p.m. Seminars for mathematics
and mathematical physics are held
every Thursday at 3:30 p.m. All
seminars are in English. Mathematics



seminars are also held at Komaba
Campus. (See IPMU Komaba
Seminars)

IPMU Seminars

1. “The FZZ-Duality Conjecture—A
Proof”
Speaker: Yasuaki Hikida (KEK)
Date: September 3, 2008

2. “Abundance of Thermal Relics
in Non-standard Cosmological
Scenarios’
Speaker: Mitsuru Kakizaki (Bonn
University)
Date: September 9, 2008

3. “Black Hole Entropy in String
Theory—A Window into the
quantum Structure of Spacetime”
Speaker: Atish Dabholkar
(University Pari 6)
Date: September 10, 2008

4. “Testing origin of neutrino mass at
the LHC”
Speaker: Kai Wang (IPMU)
Date: September 10, 2008

5. “Topological Interactions at the
LHC and Generalized Landau-Yang
Theorem”
Speaker: Jing Shu (IPMU)
Date: September 17, 2008

6. “What we know and may ever
know about inflation”
Speaker: Brian Powell (IPMU)
Date: September 18, 2008

7. “Holographic non-local operators”
Speaker: Shuji Matsuura (University
of Tokyo / Perimeter institute)
Date: September 18, 2008

8. “A Holographic Dual of Bjorken
Flow”
Speaker: Shin Nakamura (Center
for Quantum Spacetime (CQUeST),
Sogang University)
Date: September 19, 2008

9. “Effects of particle production
during inflation”
Speaker: Antonio Enea Romano
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(YITP)
Date: September 22, 2008

10. “The Phenomenology of Gravity”
Speaker: Simon Dedeo (Chicago)
Date: September 24, 2008

11. “The View from UChicago”
Speaker: Simon Dedeo (Chicago)
Date: September 25, 2008

12. “A possible observational
signature of the weight of vacuum
energy”
Speaker: Cosimo Bambi (IPMU)
Date: October 1, 2008

13. “SO and USp Kahler and
HyperKahler Quotients and
Lumps”
Speaker: Sven Bjarke Gudnason
(University of Pisa)
Date: October 2 2008

14. “CP Violation for the Heaven and
the Earth”
Speaker: George Hou (National
Taiwan University)
Date: October 2, 2008

15. “Combining Lensing, X-ray, and
galaxy dynamic Measurements in
Clusters”
Speaker: Doron Lemze (Tel Aviv)
Date: October 7, 2008

16. “Formation of dust in primordial
supernovae and its survival within
the supernova remnants’”
Speaker: Takaya Nozawa (IPMU)
Date: October 8, 2008

17. “Results on the proton structure
from HERA’
Speaker: Shima Shimizu (ZEUS)
Date: October 9, 2008

18. “Testing LCDM with Subaru
Observations of Cluster Mass
Profiles”
Speaker: Tom Broadhurst (Tel
Aviv/Visitor)
Date: October 10, 2008

19. “Conformal field theory and
vertex operator algebras’
Speaker: Akihiro Tsuchiya (IPMU)
Date: October 14, 2008
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20. “Matching QCD radiation in gluino
and squark production at the
LHC”

Speaker: Johan Alwall (SLAC)
Date: October 14, 2008

21. “Wall Crossing”

Speaker: Maxim Kontsevich (IHES)
Date: October 14, 2008

22. “Jet angular correlation in vector-
boson fusion processes at hadron
colliders”

Speaker: Kaoru Hagiwara (KEK)
Date: October 16, 2008

23. “Quantum Crystals and
Topological Strings”

Speaker: Domenico Orland (IPMU)
Date: October 16, 2008

24. “From the whistle of a kettle
to the asymmetric explosion of
supernovae”

Speaker: Thierry Foglizzo (Service
d'Astrophysique &Waseda)
Date: October 22, 2008

25. “A new dimension for the AdS/
CFT correspondence”

Speaker: David Berenstein
(University of California, Santa
Barbara)

Date: October 22, 2008

26. “Echoes of supersymmetry from
the early universe: bayrons, dark
matter, and gravitational waves”
Speaker: Alex Kusenko (UCLA)
Date: October 23, 2008

27. “Poisson groups and differential
Galois theory of Schroedinger
equation on the circle”

Speaker: Michael Semenov-Tian-
Shansk (University of Bourgogne)
Date: October 27, 2008

28. “Dunkl operators and quadratic
algebras”

Speaker: Anatoli Kirillov (University
of Bourgogne)
Date: October 27, 2008

29. “Properties of Bayrons in
Holographic QCD"

Speaker: Shigeki Sugimoto (IPMU)



Date: October 29, 2008

30. “The Fermi Gamma-ray Space
Telescope”
Speaker: Hiromitsu Takahashi
(GLAST)
Date: October 30, 2008

31. “Conjectures on motives: case of
simple threefolds”
Speaker: Sergey Gorchinskiy
(Steklov Mathematical Institute)
Date: November 5, 2008

32. “Predictions from the Multiverse”
Speaker: Lawrence Hall (UC
Berkeley)
Date: November 5, 2008

33. “Identifying Weakly Interacting
Massive Particles from Direct Dark
Matter Detection Data”
Speaker: Chun-Lin Shan (Seoul
National University)
Date: November 6, 2008

34. “Cosmological unification of string
theories”
Speaker: Simeon Hellerman (IPMU)
Date: November 6, 2008

35. “What can you do with Cosmic
Microwave Background as a
Backlight?”
Speaker: Shirley Ho (Princeton)
Date: November 10, 2008

36. “Modified gravity as an alternative
to dark energy”
Speaker: Kazuya Koyama
(Portsmouth)
Date: November 17,2008

37. “The Dark Energy Puzzle”
Speaker: Pisin Chen (National
Taiwan University & Stanford)
Date: November 19, 2008

38. “Hierarchy Problems in String
Theory: An Overview of the
LARGE Volume Scenario”
Speaker: Joe Conlon (Oxford)
Date: November 20, 2008

39. “Quantum groups at roots of
unity and invariants of links”
Speaker: Nicolai Reshetikhin (UC
Berkeley & Amsterdam)

Date: November 20, 2008

40. “Toward a Proof of Montonen-
Olive Duality via Multiple M2-
branes”
Speaker: Seiji Terashima (YITP)
Date: November 27, 2008

41. “Groups of intermediate rank”
Speaker: Mikaél Pichot (IPMU)
Date: November 28, 2008

IPMU Komaba Seminars

The IPMU Komaba seminars bring
together researchers from the IPMU
and the University Tokyo's Graduate
School of Mathematical Sciences to
exchange ideas. The seminars are held
about twice a month at the Komaba
campus.

1. “A pair of non-birational but
derived equivalent Calabi-Yau
manifolds from non-Abelian
gauge theories”

Speaker: Kentaro Hori (IPMU)
Date: December 1, 2008

In this seminar, Kentaro Hori
presented his recent work.

Following the seminar, many of

the mathematicians and physicists

engaged in stimulating discussions.

Promotions

Yukinobu Toda, previously an IPMU
assistant professor, was promoted
to IPMU associate professor.
Satoshi Kondo, previously an [IPMU
postdoctoral fellow, was promoted
to IPMU assistant professor. The
two new appointees provided the

following statements regarding their
research plans.

Yukinobu Toda
My research area is
algebraic geometry,
specifically the
derived categories
of coherent sheaves on algebraic
varieties. Recently, | introduced
counting invariants of objects in
the derived category (generalized
Donaldson-Thomas invariants) and
am now studying their wall-crossing
phenomena as well as how they
relate to Gopakumar-Vafa invariants
via wall-crossing formula.

Satoshi Kondo
The computation
of higher algebraic
K-theory of varieties
in number theory
interests me. Recently, | used
motivic homotopy theory for the
computation. | plan to perform
an explicit computation of other
cohomology theories of varieties that
appear in both number theory and
physics.

Personnel Changes

Sugumi Kanno, previously an IPMU
postdoctoral fellow, has taken a
position as a postdoctoral fellow at
Durham University in England. She
was at the IPMU between April 1 and
September 30, 2008.

Yuuji Sano, previously an IPMU
postdoctoral fellow, has taken a
position as an assistant professor
in Kyushu University's Global COE
Program (Education and Research
Hub for Mathematics for Industry). He
was at the IPMU between February 1
and October 31, 2008.
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Constructing knot invariants
using conformal field theory

TOShltake KOhﬂO Principal Investigator of IPMU

Knots are important objects in topology. By
decomposing a knot diagram into the birth, death,
and braiding process of points in a plane and
applying conformal field theory, we obtain a general
framework for constructing knot invariants. The
Jones polynomial, which satisfies the relationship
below with respect to local modifications of knots, is

derived in this manner.
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