Iratituba far the Phynica and foihemolicz of the Unmarse WH World Pramlar brteanardlonnl Rezaorch Cantar InfHoHwe
i L Y TR b 7 Lt F IR A TE R 3 2 M0,

s The Unlvarsiny of Takya BEESTXCR

Yision

Messane

N Ews Cur T=am
Interview with Dovid Eisanbud




IPMU NEWS CONTENTS

English Japanese

3 Vision Hitoshi Murayama 29 Vision MU &
Hiroaki Aihara GERETE
Yoichiro Suzuki FAFE—EB

8 Message Hiroshi Komiyama 34 Message NI/
Kisaburo Tokai EEiC=8

Sir Michael Atiyah
David Gross
Saul Perlmutter

P AT T A=
TAEYR-ZAX
VIS Z 2y 5~

12 Our Team  Masataka Fukugita 38 Our Team f@RiEZ
Kunio Inoue F B
Michio Jimbo HERB R
Takaaki Kajita TRHEE
Stavros Katsanevas Y TAR - AYFNR
Toshitake Kohno SRIEF RS
Masayuki Nakahata ST
Mihoko Nojiri FRERT
Ken'ichi Nomoto FARE—
Hirosi Ooguri KREEH
Kyoji Saito FEEASE]
Katsuhiko Sato RS
David Spergel TAEYR-ZI=T I
Henry W. Sobel A=) =)L
Naoshi Sugiyama 2zl B
Akihiro Tsuchiya T ERRE
Tsutomu Yanagida WH &
21 IPMU Map 47 IPMU Map
22 IPMU Interview with David Eisenbud 48 IPMU Interview TAEyR -TAE€ 23y FHBERIZEK
25 News 51 News
28 “On winning Inaugural prize from the 54  IPMUIRFRED A X—T K
American Mathematical Society, for research 56 FAEVNYRE (FAUnHER) ZRELT KEEH

on black holes” Hirosi Ooguri

Hitoshi Murayama is the founding director

of IPMU. He is not only one of the leading

| physicist in elementary particle theory, but also
one of the young leaders in the fundamental

| science community. He received his Ph.D. at the
University of Tokyo in 1991, and has been in the
United States since 1993. He came back to the
University of Tokyo in January 2008.
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Vision

What do we want to do
at this new Institute?

Hitoshi Murayama

Director of IPMU

Childlike Curiosity

Researchers are just like young kids at heart. | bet
you looked up at the starry sky in your childhood,
wondered how vast the Universe was, and had an
overwhelming feeling of how small you were. “How
big is the Universe?” “Did it have a beginning?”
“What are the stars made of, why do they shine?”
We research scientists are still pursuing these simple
guestions from our childhood.

One thing that really impressed me when | started
to study physics is that many such simple questions
had answers. Our predecessors had worked so hard
to solve them. As | went on to study further, | got
addicted to this feeling of “Aha!”

Why does the Sun shine?

Let us take this question, what are the stars made
of, why do they shine? Nobody has been to a star
and taken samples, not to mention getting inside
one to find out the mechanism that powers it. But
we can study the “color” of a star in great detail,

and compare it to the “color” of light emitted from

Research Area: Theoretical Physics

all kinds of atoms and molecules studied in the
laboratory. This way, we found out what the stars
are made of without ever taking samples from them.
It turned out that stars, including the Sun, are mostly
made of hydrogen. You see it happens quite often in
science that we have to study objects we can't touch
directly. OK, then, why does the hydrogen shine?
The clue was in the famous equation suggested
by Einstein: E=mc”. It says that the mass (m) of an
object is actually a kind of energy (E). This led to the
idea that the Sun shines by converting its mass to
energy. If so, the Sun is shedding a whopping four

million tons of mass every second. But how do we

Vision

Figure: 1 The definitive evidence that the Sun is producing neutrinos
from its core. This is a picture of the Sun’s core taken three thousand
feet underground in pitch darkness by Super-Kamiokande.



know if this idea is right? Actually, when the
hydrogen’s mass turns to energy, ghostly neutrinos
are born as byproducts. We succeeded in
capturing some of these neutrinos in Japan's Super-
Kamiokande experiment, giving the definitive
evidence that this theory is true. This way, we

used observations with both light and neutrinos, in
combination with Einstein's relativity and theory of
guantum fields, and could figure out what is going

on inside a star without ever touching it.

Big Bang

It is well known that the Universe started with a
huge explosion called Big Bang. Nobody went back
to see the beginning of the Universe, but we learned
this by discovering the “fossil” of this explosion.
Bright light that came out from this explosion is still
moving around in our present dark space. It is just
that the light got stretched by the expansion of the
Universe and became microwaves that we can't see
instead of visible light. It is the same kind of energy
used in microwave ovens. This “fossil” is extremely
interesting because it knows very well the shape, size,
age, and the energy content of the Universe. Now
in the new millennium, advances in technology and
artificial satellites have made it possible to study it
in great detail, and we began to learn amazing facts

about the universe. For example, the universe is 13.7

=
BUE{I‘IDS

Figure: 2 Energy content of the
Universe. Stars we see in the
sky are a tiny fraction. Much of
the Universe is dark matter and
dark energy whose true identity
is a complete mystery.
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billion years old, and its shape is “flat.”

New questions

As | went on to study further, | was also surprised
by how little we knew. | often felt, “We don't have
an answer to a simple question like that?”
| explained how we came to know what the stars
are made of, but we still don't know at all what the
Universe is made of! Using the “fossil” microwaves
| have mentioned already, in combination with many
other observations and theoretical considerations in
the last decade, we learned that the kind of objects
we know, namely atoms, make up less than 5% of
the Universe. Another 20% is “dark matter” we
don't know, and the remaining 75% is “dark energy”
we have no idea about. Both of them have names,

but their true identity is a complete mystery.

What we do at this Institute

At the Institute for the Physics and Mathematics
of the Universe (IPMU), we pursue simple questions
like “How did the Universe begin?” “What is it made
of?" “How did we come to exist?” We cannot
repeat the beginning of the universe, or see what
is “dark.” These are all very difficult questions to
answer. This is why we are trying to gather top
notch researchers from various disciplines (astronomy,
particle physics, and mathematics) and use many
different methodologies to attack the problems
together. At the same time, these are questions
common to all human kind, and we need to gather
researchers from all over the world. We chose
English to be the official language because of this
even though IPMU is in Japan. It is also important to
promote young minds that are flexible and not tied
to a particular subfield so that we can create new

ways of looking at things.
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For example, the beginning of the Universe is said
to be a “singularity” where all known laws of nature
break down. First of all, we need to use Einstein’s
theory of relativity because of its incredibly strong
gravity. At the same time, we need to use quantum
field theory, another pillar of modern physics,
because of its equally incredible energy. But we
get nonsense predictions when we try to use both
theories together, such as that the Universe cannot
grow bigger than a millionth billionth billionth
billionth inch. In actual fact, the Universe is wider
than ten billion light years, and clearly the theories
are totally wrong when used together.

The best candidate theory to solve this nonsense
is called string theory (also called superstring
theory). String theory combines both relativity and
guantum fields, while it can do calculations without
getting into contradictions like the one | have just
mentioned. But it is technically very difficult to carry
out explicit calculations with string theory because
it says photons (particles of light) and electrons are
actually a tiny little string like a rubber band, not
as simple as a point. That is why we have to use
very advanced mathematics. On the other hand,
new areas of mathematics have developed recently
because mathematicians have been inspired by
string theory. This way, physics and mathematics
make progress with the help of each other. In the
traditional structure of departments at universities, it
is not easy for mathematicians and physicists to meet
and work together. IPMU will create an environment
where mathematicians and physicists bump into each
other all the time by sharing the same space. This is
how we wish to attack naive but big questions like
the beginning of the universe.

In a similar way, astronomy and particle physics

have been exact opposites and have not had much

in common, because astronomers study big objects
like stars and galaxies in the sky, while particle
physicists break up objects into their smallest parts
to understand how they work. But now that it is
clear that our Milky Way galaxy is filled with dark
matter based on precise astronomical observations,
it has come to be thought that dark matter is made
of elementary particles born and left over from the
time when the Universe was less than a billionth

of a second old. It is clear that we need to go over
the traditional structure of the universities and work
together among multiple disciplines to address

the question of what the Universe is made of. For
example, we are pursuing a project to build a new
device underground in the Kamioka mine to directly
capture dark matter particles in our galaxy. At the
same time, the world’s largest particle accelerator,
called LHC, will start taking data later this year,

and it aims at creating dark matter particles in the
laboratory. We will work hard to extract as much
information as possible from the enormous and
complex data set from the LHC. In addition, we are
developing projects to observe many millions of
galaxies in the Universe to understand the properties
of dark energy better. Our strategy at IPMU is to
approach mysteries of the universe by putting
together data from astronomical observations and
laboratory experiments, combined with theoretical

physics and mathematics.

Conclusion

It is only about half a year since IPMU was
established, but we are already seeing researchers in
varied disciplines joining us from all over the world,
particularly young researchers . I'm looking forward
to seeing the fruits of IPMU in the next ten years solve

some of the questions I've had since my childhood.

Vision



The launch of the IPMU

Hiroaki Aihara

Deputy Derector of IPMU

Science is intriguing, but studying science is more
intriguing. However, the pinnacle is to study the
universe using mathematical and physical approaches.
This simple mindset is the driving force behind
IPMU, and is possibly the most important factor
for attracting world-class researchers to IPMU. At
IPMU, we conduct enthralling research, regardless
of nationality, sex, and age. All that is necessary to
be a part of IPMU is a devotion to science and a
constant drive for exploration. We fully believe that
such a research environment will naturally cultivate
outstanding achievements and new discoveries.
Whether IPMU develops into a truly world-renowned
center depends on how seriously we take this mindset
and our resolve to advance science.

The research topics to be pursued at IPMU are very
challenging, and may not lead to immediate results. It
is possible that twenty or thirty years will pass before
we obtain significant results. However, we intend to
persevere with our research objectives until we learn
the true identity of dark energy and dark matter, fully
understand the grand unified theory, and unlock the
mystery of neutrinos. To reach our goals, we will
employ all our current knowledge and technology,
and develop new ones, if necessary. Moreover, we
intend to combine the wisdom of people from around

the globe in mathematics, physics, and astronomy, and
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| am an experimental particle
physicist. My interests range
from the search for new
elementary particles using
accelerators to dark energy
survey using telescopes.

to reach beyond the constraints of existing systems
and language barriers. These ideals are the guiding
principles for designing and managing the research
organization called IPMU.

At IPMU, active researchers at the forefront
of extremely segmentalized disciplines, including
mathematics, physics, and astronomy, will come
together to form one new, integrated organization.
Questions that we will be answered include, “What
will result from the unique approach of IPMU?” and
“What breakthroughs will be made in science?”
Although the approach of IPMU has many unknowns,
advances in science have always involved risks. Thus,
we believe that IPMU is an ideal environment for
young, ambitious researchers, who are willing to
expand their horizons, regardless of their original
country of origin. Moreover, we strongly believe that
young students in Japan no longer have the option
of remaining indifferent toward science. Young
Japanese students are extremely fortunate to have
the rare opportunity for personal fulfillment by
studying extremely interesting science, and perhaps
changing the world through their endeavors at IPMU.
Be ambitious, young people! We invite you to join us

and become an engine for future science at IPMU.
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A model for new research in Japan

Yoichiro Suzuki

Deputy Derector of IPMU

Our knowledge of the Universe has increased
tremendously in the last decade and we now know
that more than 95% of its substances are made of
so-called dark energy and dark matter, though we do
not know what they really are. The main subjects of
the experimental groups of IPMU are to study dark
energy and dark matter.

Although the neutrino mass shares only a tiny
fraction of the substances of the Universe, the
smallness of their masses, together with proton decay
—another subject at IPMU— could provide clues to a
unified theory of elementary particles, which would
be an ultimate tool for studying the early Universe.

We will pursue those studies with the collaboration
of the existing observatories. The study of dark
energy will collaborate with the Subaru telescope.

At the Kamioka Satellite of IPMU we will collaborate
with Kamioka Observatory, the Institute for Cosmic
Ray Research, the University of Tokyo and the
Neutrino Science Center of Tohoku University, and
then aim to make a significant jump in the area

of observational particle experiments. IPMU is
designed not only to provide common bases for the
experiment, but also to bring scientists together.

| hope that IPMU will provide a good environment to
get experimentalists and theorists together and hold

fruitful discussions.

My research interests are
neutrino mass, dark matter and
proton decay. Over the next few
years | will particularly look for
dark matter using a liquid xenon
detector.

I will move to Kamioka after April and concentrate
on research. The study of neutrino mass will
enter a new era in a next few years with the T2K
experiment, the second phase long baseline neutrino
oscillation experiment from Tokai to Kamioka.
Another immediate interest is to look for dark matter
through direct interactions. The construction of the
liguid xenon detector, which has the best sensitivity
in the world, has already started and | expect that
we will obtain new results to unveil dark matter in
5 years. | hope that we can also make a significant
step forward to designing a realistic next generation
proton decay and neutrino detector while we are
conducting the above experiments.

This institute is established independent from
any other department at the University. We must
work our way up from the bottom. We need to
establish a suitable personnel selection system, a
world competitive salary system and a management
organization to match the leadership of the director.
These are difficult tasks, but worth doing.

Vision



Message

Hiroshi Komiyama

President of the University of Tokyo

The Institute for the Physics and Mathematics of
the Universe (IPMU) at the University of Tokyo was
recently selected as a World Premier International
Research Center. | am very pleased that the work of
the Institute is now underway. Japan’s universities are
already in the thick of international competition. If all
the personnel who make up the university
—the faculty, students, and staff— are not of the
highest caliber, we cannot prevail in this competition.
| believe that an important key to success is
internationalization of the university. The IPMU is
located on the Kashiwa International Campus which
is positioned as our model campus for pursuing
internationalization. We have already established
the Kashiwa International Office on the Kashiwa
International Campus to provide information for daily
living, Japanese lessons and other services to people
from overseas. We also plan to build the Kashiwa
International Lodge as residential accommodation

for visiting researchers. It is in this environment that

the IPMU is located as a place for world premier The universe is said to have been created with
researchers to come together. Leading researchers the Big Bang. We entertain great hopes that the
in physics and mathematics from around the world IPMU, rooted in the Kashiwa International Campus,

will gather here under the youthful leadership of the will be the Big Bang that internationalizes Japan’s

Director, Hitoshi Murayama, invited from America. universities.
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Kisaburo Tokai

Minister of Education, Culture, Sports, Science and Technology

Recent years have seen fierce international
competition to acquire the world’s best brains.

To sustain and raise the level of its science and
technology amidst such competition, Japan must
position itself within the global flow of intellectual
mobility. To do so, it will be necessary to build
research centers of a sufficiently high caliber of
excellence to attract outstanding researchers to
Japan from around the world.

Cognizant of this urgent need, this fiscal year
MEXT established the program “World Premier
International Research Center Initiative.” It derives
its impetus from the government’s third S&T Basic
Plan and the “Comprehensive Strategy for Fostering
Innovation” formulated by the Council for Science
and Technology Policy.

The WPI Program, as it is called for short, provides
concentrated support for projects to establish and
operate research centers that have at their core a
cadre of very high-level investigators. These centers
are to create a research environment of a high
enough standard to give them a radiantly visible
presence within the global scientific community—
that is, to create a vibrant environment that will be of

strong incentive to frontline researchers around the

world to want to come and work at these centers.
This fiscal year, five WPI center projects were selected
for funding.

The University of Tokyo's center “Institute for the
Physics and Mathematics of the Universe (IPMU)”
seeks to elucidate the origin and evolution of the
universe by generating and integrating mathematical,
physical and cosmological knowledge in research
on dark energy and matter, neutrinos, and physics
beyond the standard model of elementary particles
(e.g., string theory, quantum gravity) in an effort to
shed light upon the forces acting on particles and the
relationship between the origin of gravity and space-
time structure.

Under center director Dr. Hitoshi Murayama's
youthful and vigorous leadership, the research
capacity amassed by the University of Tokyo will be
merged with expertise possessed by the world’s
top researchers in this field. As his team’s work
progresses in establishing a top-caliber international
research center with high global visibility, great
expectation will be placed in both its scientific impact
and its role in vanguarding the reform of Japan's S&T

system.
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Sir Michael Atiyah

Mathematics and Physics in the 21st century
Over the past thirty years there has been a remarkable
interaction between the most advanced areas of mathematics.

Geometry in the broadest sense has become involved with the

latest developments of quantum theory. So far the benefits

'tk

have been seen on both sides and a whole new generation Sir Michael Atiyah has been Professor
at Edinburgh, Cambridge, Oxford, and

of young researchers have learnt a common language and are the Institute for Advanced Study at

. Princeton. He has also been the Master
WOFklng TOgether. of Trinity College in Cambridge, the

L C o . President of the Royal Society, and the

This joint activity is still in full flow and seems set to Founding Director of the Newton

. . . . Institute for Mathematical Sciences.

continue for some time. What will eventually emerge is Among numerous honors for his

revolutionary contributions to
mathematics are the Fields Medal in
1966 and the Abel Prize in 2004.

uncertain. It may bring about a fundamental change in
our view of the universe and it is certain to produce new
perspectives in mathematics.

This is an exciting time for both physicists and
mathematicians. These old disciplines are being revitalized and

there are great challenges ahead for the next generation.

10 IPMU News No.1 March 2008



David Gross

| am delighted at the recent establishment of the Institute
for the Physics and Mathematics of the Universe (IPMU)
at the University of Tokyo. The decision to concentrate on
some of the most exciting questions facing science and to

integrate mathematics with experimental and theoretical

LN

particle physics and cosmology, the excellent and dynamic i
David Gross is the Director of the Kavli

leadership of the Institute and the generous support of the Institute for Theoretical Physics at the
. University of California, Santa Barbara.
Japanese government, all auger well for the success of this He was awarded the 2004 Nobel Prize

in Physics jointly with David Politzer
and Frank Wilczek for the discovery of
asymptotic freedom in the theory of
the strong interaction.

bold initiative.

| and all the members of the Kavli Institute for Theoretical
Physics extend congratulations to the IPMU on its
establishment and look forward to fruitful collaboration and

healthy competition.

Saul Perlmutter

It is wonderful to hear about the establishment of the
Intitute for the Physics and Mathematics of the Universe at
the University of Tokyo. This is a perfect time to dedicate
a center to study the fundamental physics of our universe,

with such wonderful new mysteries as dark energy and dark

matter to explore.

Saul Perlmutter is a Professor

It is great to have an institute that can showcase the at Lawrence Berkeley National
. . . . . . Laboratory. He organized Supernova
leadership roles that Japanese scientists are playing in this Cosmology Project and clarified the
s . . . . accelerating universe in 1999. He won Message
exciting field. The international nature of IPMU will also foster the Departfﬂem of Energy s 2002

E. O. Lawrence Award in the physics

the international collaborative work that has played such an category.

important role in developing this field.

As a collaborator myself for many years with Tokyo experts
in cosmology and supernovae, | look forward to an exciting
decade of opportunities and discoveries at the IPMU, as the
Universe offers us new surprises and insights. My best wishes

on the occasion of the establishment of the new Institute!



Masataka Fukugita

Principal Investigator

| have worked in astrophysical cosmology, both
theoretical and observational, over the last two
decades. Around 1987 | began to study the thermal
history and consistency tests of the Friedmann model
of the Universe. In particular, | was concerned with
the cosmological constant A, the need of which |
realised when | worked on the galaxy number count,
which witnessed significant progress with the advent
of charge coupled devices. A non-zero A was also
consistent with the view | obtained from the work
to assess the determination of the Hubble constant
from nearby galaxies. | raised the issue of the
cosmological constant being non-vanishing, but this
was an anathema at the time, something that should
be avoided at any rate, and | was subsequently
strongly criticised by all.

While | tried to assemble observational data, |
realised that there was a serious lack of data that
could be used for cosmology. Having felt that we
could not make progress without more extensive
observations, | became engaged in observations.
While | was carrying out observational programmes,
| was invited by my friends in the US to join a digital
sky survey project they conceived (later named the
Sloan Digital Sky Survey: SDSS). Having organised a
group of Japanese astronomers, and having secured
necessary funds, we joined the project in 1992

as its fifth initiating member and worked for this
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Research Area: Astrophysics

project from the design stage. Since then | have
dedicated myself to SDSS for more than a decade.
Our contribution has been mostly in instrumentation
and preparation for photometry. After completion
of the instrument in 1999, | worked mainly on galaxy
science and cosmology deduced from the survey.

It took 15 years to reach fruition, but the results
seem rewarding. The most important results are the
verification and advancement of the cosmological
model based on the ACDM universe, and the data
themselves, which can be used for a multitude of
precision astrophysical sciences for many years to
come.

Along with work for SDSS, | also worked on
theories and observations with the Subaru telescope.
My most recent work, still under way, is to make
an inventory of all energies present in the Universe
and study transactions among the entries. This is
a synthesis of the data and knowledge obtained
over many years, and it shows the accuracy of our
knowledge in many different astrophysical processes

and observations.
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Kunio Inoue

Principal Investigator

The former Kamiokande was replaced by
KamLAND. It holds 1000 tons of liquid scintillator
and is especially sensitive to anti-electron-neutrinos.
I'm leading the experiment and studying neutrino
physics and applied neutrino physics with the
detector. KamLAND observes anti-neutrinos from
nuclear reactors about 180 km away. It has obtained
evidence for reactor neutrino disappearance and
explained why detected neutrinos from the Sun
are much less than expected. It also observed that
neutrinos disappear and reappear repeatedly giving
clear evidence of neutrino oscillation. This also
provides a precise measurement of the neutrino
mass. Thanks to these measurements, information

brought by neutrinos from the interior of the

Michio Jimbo

Principal Investigator

In statistical physics and field theory, there are a
few models which admit exact solutions, such as
the Ising model, one dimensional spin chains or two
dimensional conformal field theory. They are known
as integrable systems. These systems are special but
often have deep mathematical structures, and are
useful also as toy models. Another example is the
so-called solition equations, systems of differential
equations which have abundant exact solutions. They
are called classical integrable systems. My research
interests are these integrable systems as well as the
algebraic structures which lurk behind and control
the symmetries of the system, such as infinite
dimensional Lie algebras or quantum groups.

My research achievements include: (Dcorrelation

Research Area: Experimental Physics

Research Area: Mathematics

obstacle objects can be constructed via a neutrino
observation. KamLAND has successfully been applied
to measure geologically-produced anti-neutrinos and
pioneered a new field, “neutrino geophysics.” It is

also aiming at observing low energy solar neutrinos.

functions of the two dimensional Ising model

and monodromy preserving deformation of linear
differential equations, @transformation groups for
soliton equations, @formulation of quantum groups
and their application to the Yang-Baxter equation, our i
@space of states for solvable lattice models and

integral representations for correlation functions,

®elliptic analog of quantum groups. My current

interest is to continue @), with the aim of giving a

purely algebraic description for correlation functions

of one dimensional spin chains.



Ta kaa k| KaJ |ta Research Area: Experimental Physics

Principal Investigator
| have been working on the observation of

atmospheric neutrinos and the study of neutrino

oscillations. Information to be obtained by neutrino

oscillation experiments is believed to be important
for a deeper understanding of the laws in nature
of both the elementary particles and the Universe.

Therefore, | will continue working on neutrino

physics.

| will work on the T2K experiment, which is a
long baseline experiment between the J-PARC which could give us unique information on neutrino
high intensity proton accelerator and the Super- oscillations that could not be obtained by accelerator
Kamiokande detector. The main objective of this based long-baseline experiments. Finally, | will work
experiment is the search for yet-unobserved muon on R&D towards a future very large neutrino detector
neutrino to electron-neutrino oscillations. Also, | for a large-scale long-baseline neutrino oscillation
will continue working on atmospheric neutrinos, experiment.

StaVFOS Katsanevas Research Area: Experimental Physics

Principal Investigator

My research interests include supersymmetry,
neutrino physics, astroparticle physics, novel
photodetectors and distributed systems of smart

Sensors.

My major achievements in the last 10-15 years are:
1. Authorship of the main supersymmetry
generator of the LEP experiments: SUSYGEN

and supersymmetry phenomenological papers

2. Co-authorship of the design of the neutrino experiment OPERA
beam from CERN to Gran Sasso Since several years my science policy efforts are
3. Design and realisation of a new hybrid concentrated on the coordination of the European
photodetector of high sensitivity, high spatial programs in astroparticle physics (network ASPERA)
and time resolution and my scientific efforts on the R&D in view of very
4. Design of a very large distributed system large megaton-type detector for proton decay and
for “intelligent”sensors for the neutrino neutrino physics and astrophysics.
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Toshitake Kohno

Principal Investigator

| am working in the area of geometry and
topology in mathematics. My interests cover
3-dimensional manifolds, braid groups, knot theory,
and the geometry of configuration spaces and
moduli spaces. The fundamental group reflects the
geometric structure of the space. A starting point of
my research is to understand this non-commutative
group in a geometric manner by means of differential
forms on the space.

In attempting to construct representations of braid
groups based on iterated integral of logarithmic
forms, | found a relation between the monodromy
of the KZ equation in conformal field theory and
guantum groups. My recent research achievements

include integral representation of the space of

Masayuki Nakahata

Principal Investigator

My research interests are neutrino particle physics,
neutrino astronomy, the search for the character of
dark matter, and the experimental verification of
the Grand Unified Theory (GUT). The observation
of atmospheric, solar and accelerator neutrinos at
Super-Kamiokande (SK) demonstrated that neutrinos
have masses and change their species while traveling
in space. | will perform a precise measurement of
solar neutrinos, and investigate neutrino masses and
mixings. If a supernova happens to appear in our
galaxy, SK is able to detect about 10,000 neutrino
events, and it would reveal the detailed mechanism
of the supernova explosion. And if the supernova
neutrinos accumulated from the beginning of

the universe (called supernova relic neutrinos) are

Research Area: Mathematics

Research Area: Experimental Physics

conformal blocks by multi-variable hypergeometric
functions, geometry of infinite dimensional spaces
such as the space of knots and the loop spaces of
configuration spaces and the algebraic structure

of their homology. In particular, the latter is closely

related to string theory.

observed, they should tell us about the history of
star formation in the universe. It is well known that
dark matter accounts for 20% of the energy of the
universe, but the character of dark matter is not
known yet. | want to unravel its character by a low
background underground experiment. | would also
like to find experimental evidence of GUT through

proton decay.

Our Team



Mihoko Nojiri

Principal Investigator

Research Area: Theoretical Physics

We now have evidence that most of the matter in
our universe is unknown particles about which we

understand very little. These particles must have been

created in the early universe through high energy
collisions of the standard model particles. Starting
from 2008, the Large Hadron Collider (LHC) at CERN
will reproduce such high energy collisions so that we
have a chance to see the evidence of dark matter

(DM) production in our universe.

My current research focuses on the discovery and
reconstruction of DM at LHC. The direct production
of such particles is very difficult to see, but in
many models DM is produced with a set of new
particles and production of DM can be observed as

the missing energy. We may even be able to learn

Ken'ichi Nomoto

deeper reasons why these particles are needed by
understanding such events carefully.

Half of my research activity involves collaboration
with other experimentalists. The LHC is a big project
which needs the coherent work of theorists and
experimentalists, and | hope IPMU can play a key role

in increasing communication between the two.

Research Area: Astronomy

Principal Investigator
| am working on Supernovae, which are the stellar

explosions at the end of their lives. These are the key

events in the evolution of stars, formation of neutron

stars and black holes, and origin of heavy elements.
Supernovae occur under extreme conditions, whose
studies could lead to finding a new physics.

My current focuses are: (DType la Supernova
Cosmology: These supernovae have revealed the
presence of cosmic acceleration and Dark Energy.
Clarifying the progenitors and explosion mechanism
of these supernovae can contribute to precision
cosmology. @Evolution and Explosion of First Stars
and Cosmic Chemical Evolution: Nucleosynthesis of
stars with initially no heavy elements is compared

with the chemical abundances of old stars.
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(®Gamma-Ray Bursts and Hypernovae: Studied

are the production mechanisms of huge explosion
energy from black holes and neutron stars. Studies
of nucleosynthesis in Hypernovae would clarify the
important contribution of hypernovae in the origin of

elements.
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Hirosi Ooquri

Principal Investigator

In the past few hundred years, scientists have
searched for fundamental laws of nature by
exploring phenomena at shorter and shorter
distances. Surprisingly, there are reasons to think that
the hierarchical structure of nature will terminate
at 10 meter, the so-called Planck length. Space
and time do not exist beyond the Planck scale, and
they should emerge from a more fundamental
structure. Superstring theory is a leading candidate
for a mathematical framework to describe physics at
the Planck scale since it contains all the ingredients

necessary to unify general relativity and quantum

Research Area: Mathematics

Kyoji Saito
Principal Investigator

To understand the arc length 27z of a unit circle is
one of the most ancient mathematical subject. Since
the unit circle Cis given by the quadratic equation
x’+y”=1, using the complex variable z=x+iy, one has
§c dz/z=2/-1m. This integral is called a period integral,
since the inverse function of the indefinite integral
[ dz/z is the exponential function with period 2/~
This period integral can be described by the Lie
algebra of type A,. Period integrals over complex
curves defined by cubic or quartic equations are
called elliptic integrals, whose inversion functions are
the elliptic functions. These elliptic integrals can be
described by the Lie algebras of type A,, B, and G, of
rank 2. In this way, several interesting mathematical
structures are crossing in the study of period
integrals. In order to construct a higher dimensional
generalization of the elliptic integrals, called the

integral of primitive forms, categorically, | introduced

Research Area: Theoretical Physics

mechanics and to deduce the Standard Model of
Particle Physics. | am trying to develop theoretical
tools to apply superstring theory to questions

relevant to high energy physics, astrophysics, and

cosmology.

certain infinite dimensional Lie algebras associated
with infinite root systems. The flat structure

(or, Frobenius manifold structure) and the flat
coordinates, which appeared as a by-product of this
study, is nowadays one of the standard languages
used to describe mirror symmetry. It is an important
thema to determine the automorphic forms obtained

by inverting the period integral maps.

Our Team



Katsuhiko Sato

Principal Investigator

| am working on particle astrophysics and
cosmology, in particular gravitational collapse of stellar
cores, supernova neutrinos and inflationary models in
the early universe. Currently | am working on
(DPropagation of UHCRs (Ultra High Energy Cosmic
Rays) in intergalactic space and their observational
anisotropies, @Magnet-rotational collapse of stellar
cores as the model of supernovae and the engine of
gamma ray burst sources, @Emission of gravitational
radiation and neutrinos from collapsing stellar cores,
@Phase transition of ultra high density matter, in
particular nuclear pasta structure in neutron stars
and supernova cores, ®Big Bang Nucleosynthesis in
an inhomogeneous universe, and so on. My research

achievements include: (Dproposal of the neutrino

David Spergel

Principal Investigator

| am a theoretical astrophysicist. My interests range
from the search for planets around nearby stars to
the shape of the universe.

Over the last few years, the WMAP Satellite has
been the main focus of my research. WMAP was
successfully launched on June 30, 2001. The results
from WMAP are described in a series of papers. The
WMAP 2003 paper is currently the 4th most cited
paper in the entire SPIRES catalog . My next major
CMB project is the Atacama Cosmology Telescope
(ACT) and supporting observations through the
Southern Cosmology Surveys, an international
collaboration.

| am part of a group of scientists and engineers

at Princeton University who are developing new
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Research Area: Astrophysics

Research Area: Astrophysics

trapping theory that neutrinos are confined and

Fermi degenerate in supernova cores, @proposal

of the accelerating expansion model in the Early
Universe (Inflationary Universe Model), and solving

the monopole overproduction problem by Inflation
(with M. Einhorn), @proposal of multi-production

of universes during Inflation (with M. Sasaki, H.
Kodama and K. Maeda), and @pioneering works on
astrophysical and cosmological constraints on the mass
and lifetime of Weakly Interacting Particles such as

neutrinos and axions (with M. Kobayashi and H. Sato).

technologies that should hopefully enable the direct
imaging of earth-like planets.

| am part of the new Princeton Center for
Theoretical Physics . In 2008/9, we are having a
focused program on “Big Bang and Beyond.” | am
also part of the new Institute for the Physics and
Mathematics of the Universe (IPMU) .
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Henry W. Sobel

Principal Investigator

My physics interests are focused primarily on tests
of conservation laws and studies of fundamental
interactions between particles. Historically | have
focused on studies of the neutrino and the search
for nucleon decay. | also have a significant interest
in astrophysics and cosmic rays. My current
research consists of the continuation of the Super-
Kamiokande experiment and preparation for the
long baseline neutrino oscillation experiment,

T2K. The multi-detector experiment T2K currently
under construction is likely to be the first neutrino
oscillation experiment to discover a non-zero 65 via
appearance of electron neutrinos. It is optimized to
detect electron neutrino interactions at the precise
energy of maximum muon neutrino disappearance.
This experiment will test what seems to be the only

small angle in the neutrino mixing matrix. In addition,

Naoshi Sugiyama

Principal Investigator

| am working mostly on theoretical observational
cosmology, in particular the structure formation of the
universe. My main interest is temperature anisotropies
of cosmic microwave background radiation (CMB). |
am currently working on: reionization of the universe
due to early star and galaxy formation, fluctuations
of 21cm and evolution of primordial magnetic fields
and their observational implications, observational
clues about dark energy and dark matter, high energy
astrophysics and so on. My research accomplishments
include: building a Boltzmann code in the gauge
invariant formalism to calculate density and

temperature power spectra, proposing a useful fitting

Research Area: Experimental Physics

Research Area: Astrophysics

this experiment will precisely
measure muon neutrino

disappearance and may find

the first evidence that the large
8,5 mixing is not fully maximal. A possible second
phase of the experiment, with upgraded beam

and far detector, may be able to discover leptonic
CP violation. In the first phase of this experiment,
due to begin in 2009, Super-Kamiokande will be
the far detector target. The newly rebuilt SK must
be calibrated and understood before the beam
begins. In addition, | am involved in the planning
for a new deep underground laboratory in the U.S.
called DUSEL, for “Deep Underground Science and
Engineering Laboratory.” My primary interest in this
laboratory is the possibility of constructing a next

generation nucleon decay detector.

S
vodid

formula for the cold dark matter power spectrum,

comprehensive study of detailed physical processes
on generation of CMB temperature fluctuations

(with Wayne Hu), pointing out the possibility of
measuring the space curvature of the universe by
CMB fluctuations (with Marc Kamionkowski and David
Spergel), and developing a realistic galaxy formation
scenario based on semi-analytic galaxy formation

(with Andrew Benson, Adi Nusser and Cedric Lacey).



Akihiro Tsuchiya

Principal Investigator

| started my mathematical research in the latter
half of the 1960s in the field of differential topology.
The research of differential topology was in the final
phase of the development. | succeeded to determine
completely the characteristic classes of spherical
fiber spaces, which was a main problem in this field.
In the latter half of the 1980s | began to study the
mathematical foundations of conformal field theory.
Conformal field theory is a two dimensional quantum
field theory that describes the critical phenomena in
two dimensional statistical physics. It was found by

three Russian physicists in the beginning of 1980s, and

Tsutomu Yanagida

Principal Investigator

The Standard Model is extremely successful for
describing the present-day physics of the elementary
particles. However, there are several puzzles to be
solved. | am very much interested recently in the
puzzle of the Higgs particle, which is one of the crucial
ingredients in the Standard Model. The Standard
Model predicts the mass of the Higgs particle at about
100 GeV. However, bosons like the Higgs particle
acquire huge masses from quantum corrections, in
principle. It is, therefore, quite natural to consider that
the Higgs particle receives a huge mass of the order
of 10 GeV on the the Planck scale. One may assume
that the Higgs particle obtains a mass of about 100
GeV because of a miracle cancellation between a
tree-level mass and the quantum corrections. But, that
seems very unnatural and | do not believe it is the
case. The above problem can be easily solved if there

is supersymmetry, that is, an exchanging symmetry
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Research Area: Mathematics

Research Area:

the close relationship with string theory in elementary
particle physics was clarified afterwards. | developed
conformal field theory by using methods and techniques
of modern mathematics such as representation theory
of infinite dimensional algebra, the theory of D-modules
and the theory of moduli spaces in algebraic geometry.
Through these results | gave new insights and directions

to modern mathematics.

Theoretical Physics

between a boson and a fermion. If the symmetry is
exact, masses of a boson and of a fermion are the
same for each other. On the other hand we know that
fermions do not receive large mass corrections from
the quantum effects and hence masses of bosons are
stable against the quantum corrections. Therefore, we
may naturally explain the 100 GeV mass for the Higgs
particle if the supersymmetry-breaking scale is about
1 TeV. We applied the above idea to the Standard
Model and found an upper bound of the Higgs mass
as <130 GeV. | expect that this prediction will not only
be confirmed at the coming LHC experiment but also
that various particles predicted in the supersymmetric
Standard Model will be discovered at the LHC.

March 2008



IPMU Map

The University
of Tokyo

JR Jyoban Lin

Tsukuba Express ,-

Kashiwa Campus, /"
$————Kashiwanoha Campus
Kashiwa

Hongo Campus . Narita Airport

Komaba Campus ¢, /g vamanote Line

For Kashiwa Campus

Edogawadai

Jyoban Expressway

ce

1
1 Kashiwa Campus
) Main Gate
¢ 4
|} Todaimae
1 @ National Cancer Center I
' (Kokuritu Gan Center) . 4
Y L4
Kashiwanoha Campus .’
as|
“ e % Tsukuba Express
-
Nagareyama % - =
-

Ootaknomori & _ =
-
--
‘
“ Tobu Noda Line

A Y
3
. :
for Matsudo : for Tsuchiura
- m m m m omom Kashiwa N
JR Jyoban Line IS

Kashiwa Campus

Access

From Kashiwanoha Campus Station on TSUKUBA
EXPRESS Line, take Tobu bus for National Cancer Center
"Kokuritsu Gan Center"(about 6 min's) then 3 min's walk, by
taxi (about 4 min's), or on foot(about 25 min's).

From Kashiwa Station on JR Jyoban line, take Tobu bus for
National Cancer Center “Kokuritsu Gan Center” (about 30
min's) then 3 min's walk, or by taxi (about 20 min's), .

From Edogawadai Station on Tobu Noda Line, take Tobu
bus for National Cancer Center

"Kokuritsu Gan Center" (about 10 min's) then 3 min's walk,
by taxi (about 7 min's), or go on foot (about 30 min's).

3 . ™ Institute for Cosmic
| . e : Ray Research

21

IPMU Map



IPMU Interview

with David Eisenbud

Interviewer: Toshitake Kohno

Kohno: Professor Eisenbud,
it is a great pleasure for me to
have this opportunity to talk
with you about the Institute for
the Physics and Mathematics
of the Universe.

As you might have seen
on our web page, one of
the main issues for us at our
institute is to create new
research fields that go beyond
traditional boundaries between
disciplines; especially between
mathematics and physics.
It is therefore essential that
mathematicians and physicists
get together for discussion
and work together. Could
you tell us your viewpoints

David Eisenbud is a professor of
mathematics at the University
of California, Berkeley, and was
Director of the Mathematical
Sciences Research Institute
(MSRI) from 1997 to 2007.

He was President of the
American Mathematical Society
(AMS) from 2003 to 2005.
Eisenbud’s research interests
include commutative algebra,
algebraic geometry, topology,
and computational methods in
these fields. He established the
AMS Leonard Eisenbud Prize
for Mathematics and Physics in
2006 in memory of his father,
Leonard Eisenbud (1913-2004),
an eminent mathematical
physicist. The first prize was
awarded to Hirosi Ooguri,
Andrew Strominger, and
Cumrun Vafa in January 2008.
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on the collaborations of
mathematicians with physicists,
astronomers, and scientists

in other areas? What roles
can mathematicians play in
collaboration?

Mathematics and physics
provide each other with
sustenance

Eisenbud: It's an interesting
question. It's not so easy
to organize collaborations,
as I'm sure you know. The
history is very interesting in
mathematics and physics, and
in the other sciences, too. Very
many of the great problems of
mathematics have come from
applications. Mathematics is
deeply enriched by its contact
with the applications. Many
other very important ideas
in mathematics come from
pure imagination. Somehow,
they're just thought up by
mathematicians because they
are curious about mathematical
things. The surprising thing, |
think, is that both of these turn
out to be equally applicable
afterwards. So while there
are these two very different
sources, the way they look in
applications is the same.
Riemannian geometry was
in some way an applied and
in some way a pure interest
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of Gauss and Riemann, and
became the basis for relativity.
The noncommutative algebra
of infinite dimensional matrices
became somehow the basis
of quantum mechanics. These
were completely unanticipated
developments. | think that is
a pattern which will continue
in the future. The best guide
we have to the future in this
regard is the past. One can
learn some lessons from this.

One is that it is very
important for mathematics
to be exposed to and interact
with experimental and
theoretical science. | think
this kind of exposure is a
wonderful thing the new
Institute can bring about.
That's where some of
the problems that enrich
mathematics will emerge.
It's also very important
to maintain the strongest
possible purely disciplinary
capability so that it can
feed the interdisciplinary
capability. You cannot have
interdisciplinary science if you
don't have disciplinary science.
And | think that this university
has such a strong tradition in
mathematics, that it is well
placed for that.

The current development
of mathematics and physics
is really very striking, because
I think theoretical physics
and mathematics are closer
together today than they
have been for 100 years. The
development of string theory
and the very intense work in
quantum mechanics in our day
is highly dependent on the
tools that the mathematicians

develop. Physicists are
extraordinary and voracious
consumers of these ideas. As
soon as they hear anything,
they quickly apply it, and

it becomes high fashion in
physics and very exciting.

In return, the mathematicians
get problems which they
cannot solve because
physicists are liable to do
things with their mathematics
that mathematicians would
never dream of doing. And the
physicists are much better than
we are in computing things.
They make computations,
and if the computations
are successful they know
that what they did must be
fundamentally correct. In
many cases this is enough for
them, whereas for us it's not
enough and we need to go on
and develop the mathematics
behind this. So | think it's a
very fruitful time of interaction
there.

How to decipher mountains
of data

That's of course only one side
of the interaction with physics
today. There's another side to
it, and the situation is common
to the other sciences, as well.
Biology has led the way here,
but it's very much across

the board. That is, we are
now capable, with electronic
instruments and computers,
of producing much more data
than we can handle.

Toshitake Kohno is a professor
of mathematics at the University
of Tokyo, and he is a principal
investigator of IPMU.
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| remember the physicist
Robert H. Dicke coming to
speak once at a colloquium
many, many years ago. He
talked about measurements
of the oblateness of the sun.
The sun is not perfectly round,
and exactly how much it fails
to be round is important if you
think about the verifications
of general relativity by the
bending of light around
the sun. So he was very
interested in this question of
the oblateness of the sun. He
collected data—at that time,
in those early days, it was still
only a tiny, tiny fraction of
what we do today—but the
data sat in his laboratory. Each
day there would be a pile of
printouts. Who could read all
these things?

This is widely recognized
as one of the fundamental
problems of experimental
science today: our ability to
produce interesting data is
far greater than our ability
to absorb and understand
it. The mathematicians are
the only ones, | think, who
have the tools which will
begin to be effective in
this way, mainly through
statistics and combinatorics
and computer science. One
sees this very much in the
study of the genome and the
matching algorithms we have
developed there. This bleeds
over into computer science.
By the way, | think one should
regard computer science,
mathematics, and statistics one
subject for this purpose. These
are very important trends.
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Chance favors only the
prepared institute

KKohno: Research in statistics
and experimental physics is
also an important aspect of
our institute.

You mentioned
interdisciplinary research.

Let's talk about this. As a
former director of MSRI, you
have organized a number

of activities in various fields
of mathematics. | was very
impressed by a program of
MSRI'in the mid-eighties. Two
very different programs, one
in topology and the other in
operator algebras, started

in parallel and then were
unified to create a new field
of mathematics, the discovery
of the Jones polynomial. In
your opinion, what makes
interdisciplinary research
possible at the Institute level?
Eisenbud: I have to say luck
plays a big role. Since you
can't control luck, you have to
control the other things around
luck. The great biologist Louis
Pasteur said: “Chance favors
the prepared mind." In the
same sense, chance favors the
prepared institute.

One thing that MSRI does
regularly is to bring programs
together which are in some
way related, in the hope that
this will make interaction more
likely. Of course if you have
very smart people working on
related things and one group
has the chance to learn from
the other, then this makes
the luck possible. One way to
inhibit interaction is only to
have very technical, specialized
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discussions. Then one of the
groups will have no chance
of getting into the ideas of
the other group. | think it is
very important to have an
organized forum in which
each group is supposed to talk
to the other group. It's quite
hard for them to do, so unless
you push hard they don't do
it. But if they do it, then they
are quite pleased afterwards, |
think. So it's worthwhile.
There are various ways that
one can do social engineering.
Of course it's important simply
that they meet each other,
talk to each other, and know
each other’s names. This is
difficult enough. I think it s
also important to have series
of elementary lectures by one
group for the other group to
make it possible for people to
learn things they didn’t know
about already. Then there are
new ideas, and it's exciting,
and people talk to each other.
“Oh yes! I have a tool that
might fit your problem.” And
this then goes forward.

Approaches to string
theory

Kohno: Recently there have
been very close relationships,
again, between geometry and
physics; for example, mirror
symmetry. Could you tell us
about your prospect for future
developments in synergy
between mathematics and
physics?

Eisenbud: | think the
possibilities are very

bright. In some ways, the
mathematicians are still
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working on physics circa 1950.
We have really understood
the mathematics of the kind
of quantum mechanics that
people were doing before
1950, but the kind of quantum
mechanics that was done in
the second half of the 20th
century is still very hard for
mathematicians to understand,
and | think for physicists to
understand, too.

The most accurate
predictions in all of physics,
in some way, are those in
guantum electrodynamics.
They are made by summing
the first few terms of a
series which is known to be
divergent. This is not a happy
situation. Despite lots of work
I think this remains a difficult
problem. People in physics
integrate over nonexistent
spaces all the time perfectly
happily, and | think the
absorption and understanding
of that material will be very
important for mathematics,
and ultimately for the progress
of physics, as well.

On the other hand, the
problems of string theory
involve the deepest parts of
mathematics. | think physicists
have made very good use
of many surprising tools and
results from mathematics,
and have often led the way.
There's a great interchange
between the two fields. | think
this is a very happy time for
mathematics and physics in
that regard.

Kohno: Thank you very much
for your valuable comments.



Launch of IPMU

The University of Tokyo' s newly
founded Institute for the Physics and
Mathematics of the Universe (IPMU),
was launched on October 1, 2007.
IPMU has been approved as one of the
World Premier International Research
Center Initiatives (WPI) of the Ministry
of Education, Culture, Sports, Science
and Technology (MEXT). IPMU is an
international research institute. Hitoshi
Murayama, MacAdams Professor of
Physics at University of California,
Berkeley, was appointed as its founding
director. The goal of the institute is
to discover the fundamental laws of
nature and to understand the universe
from the synergistic perspectives of
mathematics, statistics, theoretical and
experimental physics, and astronomy.
On January 1, 2008, Hitoshi Murayama
became the full-time director of IPMU.

Focus Week: LHC Phenomenology

The first international workshop

hosted by IPMU was held on 17 - 21
December 2007. The workshop, “Focus
Week on LHC Phenomenology”, was
organized by Mihoko Nojiri (Pl of IPMU)
and held at the IPMU, Research Center
Building, on the Kashiwa campus.

The Large Hadron Collider (LHC) at
CERN in Switzerland will start operating
in 2008. The aim of the meeting was to
bring together leading experimentalists
and phenomenologists working on LHC,
to come up with new idea on physics
beyond the standard model. To reach
this goal, it is necessary to understand
phenomena in the standard model:
deep theoretical understanding of the
standard model, and thus processes
and responses involved in the LHC
experiments, is essential to identify
effects of the new physics in the
experiments.

The following invited speakers with a
range of expertise were invited. Patrick
Meade and Maxim Perelstein are from
the new physics side; Jay Wacker, Tilman
Plehn, and Chien - Peng Yuan have
strong backgrounds in both new physics
and QCD (Quantum ChromoDynamics);
Steffen Schumann is a QCD expert;
Giacomo Polesello and Tomasso Lari are
experimentalists who provide ideas on
experimental reality, and Teruki Kamon
puts the LHC experiments into the
cosmological context.

It is all too often that workshops
gather scientists to present their
results yet leave no time for fruitful
discussion. To overcome this, the focus
week followed the format propose
by Hitoshi Murayama. In the morning
the participants had a few long talks,
and in the afternoon they had time for
intense discussions. On the second day
the workshop was held with 11 talks by
contributors. “The format worked very
well” commented Murayama, “many
found the discussion extremely useful
for their research, and indeed came up

with new projects. The success of the
workshop also clarified the importance
of follow-up visitor programs, such as
one month stays to finalize the projects
started in this meeting.”

Many theorists found the discussion
with experimentalists extremely
important, and vice verse. “We
developed a consensus that it is
important to set a series of workshops
to understand phenomena at the LHC
and to maximize the performance of
the new physics searches,” remarked
Nojiri.

Hirosi Ooguri wins the Eisenbud
Prize

The American Mathematical Society
(AMS) announced on January 7, 2008,
that Hirosi Ooguri, a Pl of IPMU, is a co-
recipient of the first Leonard Eisenbud
Prize for Mathematics and Physics.

The AMS Eisenbud prize was
established to honor work that has
strengthened the connection between
mathematics and physics, and is
awarded only once every three years.
Ooguri became the first winner of the
prize, together with Andrew Strominger
and Cumrun Vafa of Harvard University.
The award ceremony on January 7 was
held during the Annual Meeting of the
AMS in San Diego, California.

The prize was awarded to them for
their study on properties of black holes
using string theory and the forefront of
six-dimensional geometry.

In 1974, Stephen Hawking of
Cambridge University shocked the
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physics community worldwide by
predicting that mysterious black holes
are not entirely black but emit their heat
in the form of light or particles and may
even completely evaporate. However,
the origin of their heat remained a big
puzzle.

Ooguri, Strominger, and Vafa used
string theory and the forefront of
higher-dimensional geometry to study
properties of small black holes that
were beyond the reach of Hawking's
theory. They showed that the unseen
six dimensions of space explain the
origin of the mysterious heat of black
holes. Their achievement demonstrated
the close connection between
the frontiers of mathematics and
fundamental questions in physics. “This
prize is exciting since it reaffirms my
belief that we need both mathematics
and physics to understand our universe,
and encourages our efforts to jump-
start research activities at IPMU,” said
Ooaquri.

IPMU scientists discover that
supernovae are not round

On February 1, 2008, Keiichi Maeda,
an assistant professor of IPMU, and an
international team including Ken' ichi
Nomoto, a principal investigator of
IPMU, reported that they had uncovered
the shape of core-collapse supernovae.
They found that supernovae are
not round, but rather pencil-like. The
result sheds light on actively debated
unresolved topics in astrophysics: the
explosion mechanisms of supernovae
and gamma-ray bursts.

They used the Subaru Telescope to
perform spectroscopy and to divide
the light from supernovae into different
colors. The strength of the light as
a function of its color then told the
researchers what the shape of the
emitting supernova material should
be. A pencil-like explosion predicts a
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characteristic feature -- a combination
of slightly bluer and redder lights than
its original color -- when viewed from
the equatorial direction perpendicular
to the direction of the strong explosion.
They found that at least five among
18 supernovae showed this feature.
Another four supernovae also showed
hints of such a characteristic feature.
Considering that pencil-like explosions
look round if they are viewed head-on,
the probability of seeing the feature of
pencil-like explosions viewed sideways
indicates that all supernovae are not
round. This is the first observational
confirmation that supernovae are in
general not round. The original work
was published in the January 31, 2008
issue of Science Express (the online
edition of Science).

Opening Symposium

The Opening Symposium of IPMU
is to be held on March 11 and 12,
2008, at the Media Hall, Kashiwa
Library, the University of Tokyo. The
symposium aims to address all areas of
research at IPMU and to discuss future
directions, especially on how to realize
the synergism of different research
areas the physics, mathematics, and
astronomy.

For this purpose, IPMU has succeeded
in gaining the participation of leaders
in the related fields from all over the
world. John Ellis at CERN will address
particle physics. Keniji Fukaya of Kyoto
University will cover topics on algebraic
topology and physics. Richard Gaitskell
from Brown University will discuss direct
dark matter search. Gian Giudice of
CERN will address particle physics. David
Gross, Nobel Laureate at Kavli Institute
for Theoretical Physics, University of
California, Santa Barbara, will give
overviews on string theory. Masahiko
Hayashi of the Subaru telescope, NAOJ,
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will present various programs at the
Subaru telescope. Karl Jakobs of Freiburg
University will address particle physics,
focusing on the LHC. Art MacDonald
from Sudbury Neutrino Observatory
will discuss neutrino physics. Nicolai
Reshetikhin from University of California,
Berkeley, will talk on integrable systems
and physics. Yoichiro Suzuki from the
Institute for Cosmic Ray Research, the
University of Tokyo, will review neutrino
physics and dark matter. Simon White
from the Max-Planck-Institute for
Astrophysics will provide astrophysics
background related to IPMU researches.
Shing-Tung Yau, a Fields medalist
from Harvard University, will describe
differential geometry and physics.
James Siegrist from Lowrence Berkeley
National Laboratory will mention on
collaborations including IPMU.

The symposium is preceded by
a reception on March 10, that will
celebrate the foundation of IPMU.

Focus Week: Neutrino Mass

IPMU has announced that they
will host the second “Focus Week”
organized by Hitoshi Murayama of
IPMU, on March 17 to 21, 2008. The
topic of the Focus Week is “Neutrino
Mass.” It will follow the format of the
first Focus Week, i.e., intentionally leave
plenty of time with no schedule so
that participants can exchange ideas,
understand each others work, and
spawn new collaborations.

The “Focus Week: Neutrino Mass’
is devoted to the elusive questions of
neutrino mass, and will gather experts
from various different areas. The
following speakers are scheduled to
take part. Pasquale Di Bari will give a
talk on Leptogenesis. Andrea Giuliani
will address Neutrinoless Double Beta
(bbOnu)- Decay Experiments. Alex
Kusenko will discuss Sterile Neutrinos



in Cosmology. Hitoshi Murayama

will review Neutrino Oscillation
Phenomenology. Elena Pierpaoli will give
a talk on the Galaxy Power Spectrum.
Serguey Petcov will address Neutrino
Masses, Mixing, Majorana CP-Violation,
bbOnu-Decay and Leptogenesis. George
Raffelt will give a talk on Supernova
Neutrinos. Hamish Robertson will
describe the KATRIN (Karlsruhe Tritium
Neutrino) Experiment. Vadim Rodin will
address bbOnu Nuclear Matrix Elements.
Anze Slosar will discuss the Lyman
Alpha Forest Power Spectrum and its
Use in the Cosmological Context.

In addition to these talks, one
afternoon will be set aside for
contributed talks aimed at encouraging
participation.

Seminars

IPMU frequently hosts seminars
given by researchers from all over the
world. IPMU seminars are regularly held
on every Wednesday, 3:30 pm at the
IPMU, Kashiwa campus. IPMU Komaba
seminars on Mathematical Physics
are held in the Mathematical Science
building, Komaba campus. We also
frequently hold seminars which do not
follow the regular schedule.

IPMU Seminar

Please contact the following
organizers for further details: Fuminobu
Takahashi, Keiichi Maeda, and Yukinobu
Toda. The following seminars have been
held or are scheduled to be held (as of
12 February 2008).

1. “String Theory and QCD”

Speaker: Shigeki Sugimoto

(Nagoya Univ.)

Date: 30 October 2007
2. “Gravitational lensing and dark

matter and dark energy”

Speaker: Masahiro Takada

(Tohoku Univ.)
Date: 8 January 2008

3. “Structure formation in the early
Universe”
Speaker: Naoki Yoshida
(Nagoya Univ.)
Date: 9 January 2008

4. “Holography and entanglement
entropy”
Speaker: Tadashi Takayanagi
(Kyoto Univ.)
Date: 10 January 2008

5. “Discriminating spin through
quantum interference”
Speaker: Matthew Buckley
(UC Berkeley / IPMU)
Date: 16 January 2008

6. “BOSS-The Baryon Oscillation
Spectroscopic Survey in SDSS-III"
Speaker: Jim Gunn (Princeton Univ.)
Date: 28 January 2008

7. “The mass function of local active
black holes”
Speaker: Jenny Greene
(Princeton Univ.)
Date: 1 February 2008

8. "AGNs and suppressed star for-

mation in massive galaxies at z ~ 2.5

Speaker: Mariska Kriek
(Princeton Univ.)
Date: 1 February 2008

9. “Moduli stabilization, F-term uplifting
and sequestering in supergravity
models”
Speaker: Hiroyuki Abe (Yukawa Inst.)
Date: 6 February 2008

10. “Ultralight Gravitino at the LHC”
Speaker: Koichi Hamaguchi
(Univ. Tokyo)
Date: 13 February 2008

1. “Direct and Indirect Dark Matter
Search Experiment”
Speaker: Yuki Shimizu (Waseda Univ.)
Date: 14 February 2008

12. “GADZOOKS! A Potential Super-
Kamiokande Upgrade”
Speaker: Mark Vagins (UC Irvine)
Date: 19 February 2008

13. “Gauge Theory, Gravity and Twistor
String Scattering Amplitudes”
Speaker: Mohab Abou Zeid (KEK)
Date: 20 February 2008

14. “TBD"

Speaker: Alexandre Kozlov
(Tohoku Univ.)
Date: 28 February 2008

IPMU Komaba Seminar

Please contact the organizers for
further details: Akishi Kato and Toshitake
Kohno. The following seminars have
been held or are scheduled to be held
(as of 12 February 2008).

1. “Topics on string theory, mirror
symmetry, and Gromov-Witten
invariants”

Speaker: Shinobu Hosono (Univ. Tokyo)

Date: 15 October 2007
2. “Some examples of triangulated

and/or Aco-categories related to

homological mirror symmetry”

Speaker: Hiroshige Kajiura

(RIMS / Kyoto Univ.)

Date: 29 October 2007
3. “Kontsevich quantization of Poisson

manifolds and Duflo isomorphism”

Speaker: Michael Pevzner

(U. Reims / U. Tokyo)

Date: 26 November 2007
4. "Deligne conjecture and the Drinfeld

double”

Speaker: Dmitry Kaledin

(Steklov Inst. / U. Tokyo)

Date: 10 December 2007
5. “Analytic torsion for Calabi-Yau

threefolds”

Speaker: Ken-ichi Yoshikawa

(Univ. Tokyo)

Date: 17 December 2007
6. “How to lift a construction by Hiroshi

Inose to conformal field theory”

Speaker: Katrin Wendland

(Univ. Augrburg)

Date: 12 February 2008
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On winning Inaugural
prize from the American
Mathematical Society, for
research on black holes

HirOSi Ooguri Principal Investigator of IPMU

Black holes have been important sources of
inspiration in our quest toward unification of
general relativity and quantum mechanics. | am
grateful for the recognition by the American
Mathematical Society, which encourages our
endeavor to discover fundamental laws of nature
and to understand the universe by the synergy of

mathematics and physics.
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Black hole thermodynamics and 6-dimensional geometry are
related by string theory.

2
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The Ooguri-Strominger-Vafa formula relates the number of quantum
states of a black hole (on the left-hand side) to the Gromov-Witten
invariants of a Calabi-Yau manifold (on the right-hand side).
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1. “String Theory and QCD”
HEE | EAXE (BHEXT)
FifEH © 2007410830H
2. “Gravitational lensing and dark
matter and dark energy”
FEE  SHEL Glx®)
FfEH  20085F188H
3. “Structure formation in the early
Universe”
FEE  HHERL REEXRD)
FifEH © 200841H9H
4. "Holography and entanglement
entropy”

EEE  SWE RELF)
FfEH 200818 10H

5. “Discriminating spin through
quantum interference”
FHEA | Matthew Buckley
(UC Berkeley / IPMU)
FfEH : 20084F1816H

6. “BOSS - The Baryon Oscillation
Spectroscopic Survey in SDSS-III”
FEEE © Jim Gunn (Princeton k%)
BfEH © 20081 828H

7. “The mass function of local active
black holes”
FEA Jenny Greene (PrincetonA%)
FfEH  2008F2H81H

8. “AGNs and suppressed star formation
in massive galaxies at z ~ 2.5”
$5)8% ' Mariska Kriek (Princetonk%)
FfER © 2008428 1H

9. "Moduli stabilization, F-term
uplifting and sequestering in
supergravity models”
HEE [ EEZ (mEA®)
BIfEH  2008F2H6H

10. “Ultralight Gravitino at the LHC"
WEE D BEO = GERAP)
FfEH : 2008428 13H

11. "Direct and Indirect Dark Matter
Search Experiment”
FEE BEKEHE (RHEELT)
BIEH © 200828 14H

12. “GADZOOKS! A Potential Super-
Kamiokande Upgrade”
#HEE © Mark Vagins (UC Irvine)
FfER 2008528 19H

13. “Gauge Theory, Gravity and
Twistor String Scattering
Amplitudes”
#EE | Mohab Abou Zeid (KEK)
FfER © 200842 H20H

14. “TBD"
#E®  Alexandre Kozlov (FiLA=)
FAfEH 2008425 28H
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1. “Topics on string theory, mirror
symmetry, and Gromov-Witten
invariants”
HEE HBER GRERAE)
FfER © 2007108 15H

2. “Some examples of triangulated
and/or Aco-categories related to
homological mirror symmetry”
FEE  RHBELN RIMS HERAZ)
FfER : 2007F10829H

3. “Kontsevich quantization of
Poisson manifolds and Duflo
isomorphism”
#HEE  Michael Pevzner
(Reims K% BRAF)
FfER  2007F11826H

4. “Deligne conjecture and the
Drinfeld double”
FEZE © Dmitry Kaledin
(Steklov /HRAKF)
FifEH © 20074128 10H

5. “Analytic torsion for Calabi-Yau
threefolds”
FEE T/ GERE)
FfER 2007128178

6. “How to lift a construction by
Hiroshi Inose to conformal field
theory”
#EE  Katrin Wendland
(AugrburgK#)
FfER : 2008428 12H
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Image of the IPMU Building
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This is a model of the IPMU research
building that is scheduled for completion in the
autumn of 2009. IMPU will place an emphasis
on interaction between researchers. With a
comfortable and bright design, which lets in
plenty of natural light, there is a large space for
meeting on the third floor, and a vaulted ceiling
up to the fifth floor. People will be attracted to
this place, and it will no doubt become the scene
of many a long discussion. (The model was made
according to the design plans currently under examination,

and is not an image of the completed building)
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A large space for
meeting will be
provided on the
third floor.
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IPMU

& THE UNIVERSITY OF TOKYO

Opening Symposium

March 11 and 12, 2008
Institute for the Physics and Mathematics of the Universe
The University of Tokyo, Kashiwa, Japan

Invited Speakers

IPMU Principal Investigators

John Ellis Cern

Kenji Fukaya Kyoto University

Richard Gaitskell Brown University

Gian Giudice CERN

David Gross Kavii Institute for Theoretical Physics
Masahiko Hayashi Subaru Telescope, NAOJ

Karl Jakobs university of Freiburg

Art McDonald Queen's University

Nicolai Reshetikhin university of California, Berkeley
James Siegrist Lawrence Berkeley National Laboratory
Yoichiro Suzuki ICRR, The University of Tokyo

Simon White Max-Planck Institute for Astrophysics, Garching

Shing-Tung Yau Harvard University

Hitoshi Murayama Director
Hiroaki Aihara
Masataka Fukugita
Kunio Inoue

Michio Jimbo
Takaaki Kajita
Stavros Katsanevas
Toshitake Kohno
Masayuki Nakahata
Mihoko Nojiri
Ken’ichi Nomoto
Hirosi Ooguri

Kyoji Saito
Katsuhiko Sato
Henry Sobel

David Spergel
Naoshi Sugiyama
Yoichiro Suzuki
Akihiko Tsuchiya
Tsutomu Yanagida

Contact us at: symposium@ipmu.jp
Registration: http:/www.ipmu.jp/

ol NACU (aft). ICRA, the Univarsity of Tokyo (right top), and CERN (right Battom)

Photos: courtesy
Image of colored superstring: courtesy of Joseph Kim



WPI World Premier International Research Center Initiative
R TLARLVERRRILRFREETOS T4
g The University of Tokyo RRAZ

Ntﬂ March 2008

Institute for the Physics and Mathematics of the Universe

BT ET I

iIPMU...

TAE >IN RE (FAUHEESR) &
<ELT

j( %Tﬁﬁ' IPMUEEHRERE

—MRAENEERE BT NFEEREG TS LT, 7507
AT=NDT Ty IR—\LEZBRET L EIZEERE
BTl COMBIRKEHFERICRD TWIZIITT
2T BAROERNENOERKODEZDIFRZ(RHET
5 EVDIPMUDIERHBRERINIZERBWET,

LR T

T'Sylh-LoRoE4h v GRULOKMAE N

8 =)
s = i
e S

EwonsmE .

2
LNy et? = [exp (2 Fgm 279 e™™) |

Fo7 L
TFu )ikl o i POED Daw3T L IEE

231 pHid = (A, )

IPMU News No.1 March 2008

©lInstitute for the Physics and Mathematics of the Universe, 2008
All right reserved

Published by Institute for the Physics and Mathematics of the Universe Chief Editor  Kenzo Nakamura
The University of Tokyo Design Yukimasa Matsuda+Takanori Souma
5-1-5 Kashiwanoha, Kashiwa, Chiba pref., 277-8568, Japan Photography Shuichi Yuri
phone: +81-4-7136-4940 fax: +81-4-7136-4941 Production Cooperation  Sci-Tech Communications
1T RRKRY HYELETHIREE

FEEHNTHADES-1-5 T277-8568

BEE 1 04-7136-4940 77 vV R 04-7136-4941

http://www.ipmu.jp/

library@ipmu.jp ISSN1882-7721



