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Katsuhiko Sato is Professor of Physics
Department, the University of Tokyo, and

is a principal investigator of IPMU. He is a
leading theoretical physicist in astrophysics

and cosmology. He received his Ph. D. at Kyoto
University in 1974. He came to the University of
Tokyo in 1982 as Associate Professor, and has
been Professor since 1990.
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Director’s Corner

Ramping Up

Institute for the Physics and Mathematics of the
Universe is supposed to become a truly international
research center. We adopted English as its official
language, and all the seminars and notices are given in
English. We host international workshops about once
a month with most speakers coming from abroad.

| am pleased to announce that we will have two
non-Japanese faculty members joining us, possibly
more. Professor Mark Vagins has already arrived
from University of California at Irvine and will tune
the world-renowned Super—Kamiokande experiment
to detect neutrinos from supernovae explosions
billions of light years away. You can read his account
in this volume of IPMU News. Associate Professor
Simeon Hellerman will come from Institute for
Advanced Study, Princeton, where Albert Einstein
was in his later years, and will work on string theory
in cosmological settings, approaching the mystery
of Big Bang. In addition, we will have sixteen non-
Japanese postdoctoral fellows in the fall from Europe
[5], the US [3], Asia [7], and Australia [1]. They
span all areas of research at IPMU, from astronomical
observations to mathematical research. Two of
them (Alexandre Kozlov and Chuan-Ren Chen) have
already arrived. You can read their accounts in this
volume, too.

We are ramping up very quickly. When IPMU
was launched on October 1, 2007, there were no

resident scientists. In the fall, we will have more

Director of IPMU
Hitoshi Murayama

than forty researchers full-time, together with about
twenty frequent visitors from other departments and
institutions. Right now our biggest problem is space,
because more people are joining us to work on our
exciting science than we could ever imagine.

The design work of the new research building
is well underway, and we hope to move to the
brand new building before the end of 2009. It will
have a large (about 400 square meters) space for
spontaneous discussions under a sky light, lined
with tables, chairs, and many many blackboards.
The designer, Prof. Ohno, likens it to “a café in an
European town square.” We hope many exciting and
groundbreaking work will emerge from informal and
lively discussions in this space.

Building a new research center from scratch is a
big challenge. We work hard together to meet the

challenge for our common dream: solve the mysteries

about the Universe we live in.

Director's
Corner



FEATURE

Principal Investigator KatSUhlkO SatO

Research Area: Astrophysics

Exploring Star Deaths and the Early Universe
by Detecting Supernova Neutrinos and

Gravitational Waves

Neutrino astronomy’s early days

On February 23, 1987, astronomers on Earth
spotted a supernova in the Large Magellanic Cloud,
a galaxy neighboring our own galaxy, the Milky
Way. Later, it turned out that Kamiokande, the
neutrino observatory led by Professor Koshiba at
that time, had detected neutrinos emitted from
this stellar explosion, the SN1987A supernova at
4:35 pm (Japan Standard Time), more than three
hours prior to the optical observation. Until then,
traditional astronomers had been exploring the
universe through observations using visible light and
radio waves. The 1987 observations at Kamiokande
marked the birth of ‘neutrino astronomy.” Mankind

acquired a new probe, the neutrino, for observing
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Figure 1: An example of a calculation of the intensity of the neutrinos emitted
from a supernova. The effect of the neutrino oscillations, the back-and-forth
transmutations of the emitted neutrinos into three neutrino types, are not
taken into account in this calculation. (Totani, Sato, Dalhead, and Wilson, 1998)

the universe.

The supernova in the Large Magellanic Cloud
resulted from the death of a star roughly 10 times
or more heavier than the Sun. The illumination of
the Sun and stars is powered by nuclear fusion
reactions in their central cores, where hydrogen
burns into helium which is then fused into carbon
and oxygen. This nuclear burning chain, in which the
ash produced in the earlier stage is converted into
fuel by increasingly high temperatures and pressures
in the latter stage, stops with the production of iron.
Iron does not burn, hence the nuclear energy can
no longer be extracted. When the star reaches this
stage, it starts to collapse under its own gravitational
force. Eventually, the star explodes: the star’'s matter
bursts outward into the cosmos, leaving either a
black hole or neutron star at the center. A neutron
star has a radius of only about 10 km, but an
extremely high density. The density is so high, in fact,
that a mere spoonful of matter weighs on the order
of 100 million tons.

Our group analyzed observational data from
Kamiokande from a theoretical point of view, taking
full advantage of the information directly supplied by
the group of Professor Koshiba, working side-by-side
with us at the Physics Department of the University
of Tokyo. Through this work, we were able to present
estimations on the total energy of the emitted

neutrinos, the mass of the progenitor star (the star
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SN1987A is the supernova observed in the Large Magellanic
Cloud on February 23, 1987. Kamiokande detected the neutrinos
emitted from this supernova. (©Anglo-Australian Observatory)

that exploded), and the mass of the resulting neutron
star prior to other groups. Subsequently, similar
analyses were reported around the world including
the neutrino data from the IMB experiment in the
US, which was reported soon after the Kamiokande's
announcement, and these were mostly in agreement

with our results.

An approach combining
observations and theory

But Kamiokande and IMB observed only 11 and
8 neutrinos, respectively: too few to allow us to pin
down the exact mechanism of the stellar explosion.
Fortunately, Super-Kamiokande is currently operating
with a sensitivity 30 times higher than that of its

forerunner Kamiokande. If a supernova occurs in the

central part of the Milky Way, we should be able

to observe roughly 10,000 neutrinos. Our group

has been theoretically investigating the expected
neutrino signals from supernovae for many years.
We performed one of our investigations jointly

with J. Wilson’s group at the Los Alamos National
Laboratory in the US. Through this collaboration,

we were able to make realistic predictions for the
neutrino spectrum that Super-Kamiokande would
observe within a short time span of 10 seconds,
should a supernova occur near the center of our
galaxy. Of course, we need to know the properties of
neutrinos in order to precisely predict how neutrinos

are emitted from a supernova and detected on earth.
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In 1988, the Super-Kamiokande group reported,
for the first time ever, that neutrinos were not mass-
less, but had finite mass and went through neutrino
oscillations, that is, back-and-forth transmutations
into other types of neutrinos. We know there are
three types of neutrinos, namely, the electron type,
the muon type, and the tau type.

The interactions of neutrinos with matter are subtly
dependent on these types. Since all three types are
emitted from the center of a supernova, we expect
that they go through oscillations within matter that
spreads outward after the explosion. They also go
through oscillations inside the Earth before reaching
Super-Kamiokande.

We still have no clear understanding, however,
of how these neutrinos oscillate. First of all, we do
not know if their masses get heavier in the order
of electron-type, muon-type, and tau-type (this is

called the normal hierarchy), or in the order of the

Figure 2: Computer simulation of a rotating progenitor star with
magnetic fields as it collapses and starts to explode. The white
lines are magnetic field lines. Colors indicate the amount of
thermal energy. The magnetic field lines are strongly wound up
around the rotation axis, causing a jet-like explosion.

tau-type, electron-type, and muon-type (this is called
the inverted hierarchy). Different mass hierarchies
certainly result in marked differences in the behavior
of the neutrino oscillations. Second, we do not

know the value of 5, one of the mixing angles

that represent the extent of the mixture among the
three types of neutrinos (this mixture of the neutrino
causes the oscillations). Differences in mass ordering
and the mixing angles will result in strong differences
in the appearances of neutrino signals from a
supernova. If we can make precise measurements of
supernova neutrinos, we will be able to deduce these
unknown properties of neutrinos.

In further collaboration with the Los Alamos
group, we studied how the neutrinos would oscillate
inside the supernova and how they would look when
observed in Super-Kamiokande. We ought to be able
to obtain information on the mass hierarchy and the
mixing angles by comparing the observed signals and
theoretical calculations, should a supernova occur in

our Galaxy.

Messages arriving from the Universe’s
distant past

Confoundingly, past statistics indicate that a
supernova is only likely to occur in the Milky Way
once every 50 to 100 years. This may be too long
to wait. On a brighter note, the universe is filled
with neutrinos emitted from supernovae that have
exploded earlier in the history of the universe. These
neutrinos will be observed not as a 10-second burst
of signal from a supernova, but as “background
neutrinos” with a constant flux in time. The Super-
Kamiokande group is trying to detect these relic
supernova neutrinos by filtering out the known
signals, such as the atmospheric neutrinos produced

by cosmic ray interactions in the atmosphere.
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An upper limit of the relic supernova neutrino flux
obtained from the observation is now close to the
value calculated with one of our theoretical neutrino
models. With an improved sensitivity, it may become
possible to test this neutrino model. The flux of the
background supernova neutrinos should also show
how frequently supernovae have occurred in the
past. We therefore want to use this observation to

study the history of the universe.

Gravitational wave observations are
no longer just a dream

Astronomers have recently recognized more
diverse and complex mechanisms of supernovae.
Theory holds that if a progenitor star before an
explosion rotates fast or has strong magnetic fields,
the explosion will be jet-like along the rotation axis.
This would be very likely to result in directional
variation of the neutrino emission. For the moment,
our group is seeking to understand the types of
supernovae that occur when the effects of rotation
or magnetic fields are strong. This study is expected
to reveal the intensity of neutrino emissions from
these supernovae.

Supernovae emit not only neutrinos, but also
gravitational waves. A gravitational wave is a
distortion of space that propagates as a wave, as
predicted by Einstein’s theory of general relativity.
A large gravitational wave detector called the
LIGO is now at work in the US, and Japan has its
own smaller-scale detector (TAMA) at work at the
National Astronomical Observatory.

If a supernova occurs in the Milky Way or a
neighboring galaxy, these detectors are very likely to
detect the gravitational waves. Also, as in the case
of the neutrino, gravitational waves emitted from

earlier supernovae are probably coming in from all
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Figure 3: An example of gravitational waves emitted from a
supernova explosion. For a slower rotation speed of the exploded
star, the oscillation period is shorter. Observation of the gravitational
waves will help us understand the explosion mechanism.

directions in the universe. In the early universe, when
the very first stars and galaxies were born, large mass
stars were probably formed. If this was so, black
holes with masses on the order of 10 or even a few
100 times the solar mass must have been formed.
Theory holds also that gravitational waves emitted
during this period fill the present universe. We look
forward to observing these gravitational waves from
the early universe in the near future. This is not a
dream, rather a matter of time.

Furthermore, our colleagues are now considering
a proposal to build a Hyper-Kamiokande, a neutrino
observatory 20 times larger in mass than the Super-
Kamiokande. In the near future we will explore parts
of the universe that cannot be seen with light, such
as the insides of supernovae, by observing neutrinos

and gravitational waves.
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Our Team

Shlgekl SugImOtO Research Area: Theoretical Physics

IPMU Professor

"What is the world made of?" One of the main
goals of elementary particle physics is to answer
this question. Nowadays people believe that all the
matter we see around us is made of quarks and
leptons, which are interacting via four fundamental
forces (gravity, electromagnetic, strong and weak
forces). Recently, we encountered a clue to a new
possibility which looks completely different from this
traditional view of world.

According to the standard theory of elementary
particles, baryons are made of three quarks, mesons
are made of a quark-antiquark pair, and the strong
interaction among them is described by QCD.
However, we found some evidence that string theory

in a certain curved background may also describe

the same physics. In this description, mesons appear
as strings and baryons are a kind of soliton called
D-branes. We analyzed properties of hadrons based
on string theory and found that various physical
guantities roughly agree well with the experimental
values. Although there are still a lot of things to
clarify, we think this is a very interesting possibility

and expect fruitful developments in the future.
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Ma rk Vag INS  Research Area: Experimental Physics

IPMU Professor

Having spent fourteen years working on neutrino
experiments in Japan — and the last decade as the
American convener of Super-Kamiokande’s solar
and supernova neutrino group — | am honored
and excited to join IPMU as its first full-time foreign
professor.

My research is focused on developing new
methods of observing neutrinos, both through
the enhancement of existing detectors like Super-
Kamiokande (Super-K) and via the design and
construction of future facilities. One of my main goals
is to measure, for the first time, the diffuse supernova
neutrino background (DSNB), often called the “relic”
supernova neutrinos.

Supernova explosions have been going on since

the start of star formation, and the neutrinos from

Shinji Mukohyama
IPMU Associate Professor

Modern cosmology has been developed and
refined based on precision observational data. It is
fair to say that many of the parameters describing
our universe have been determined, or at least are
in the process of being determined, with good
precision. However, the physics behind the values of
these parameters is still covered by a veil of mystery.
For example, we do not know what dark energy
and dark matter really are, although our universe is
thought to be filled mostly with them. Also, what
made our universe so big? This question can be
addressed by cosmic inflation, but again we do not
know the physical origin of the vacuum energy

driving inflation. Three big mysteries, dark energy,

Research Area: Cosmology

all of these historical supernovas now fill space.
Measuring this DSNB will tell us much about the
evolution of the universe, the average rate of star
formation, and even the lifetime of the neutrino.
Adding water-soluble gadolinium to Super-K
should allow us to detect these relic neutrinos
without having to build an all-new experiment.
Enhancing Super-K in this manner will also make
possible other new physics, including high-statistics
reactor antineutrino oscillation studies. My work at
the Institute will be focused on making these new

measurements a reality.

dark matter and inflation, are standing in the way
of cosmology which boasts precision observational
data.

| have been working on research subjects such
as brane world cosmology, string cosmology, Higgs
phase of gravity and horizon thermodynamics in
order to tackle the mysteries of the universe. | will
continue this challenging task by using every possible
means such as general relativity, particle physics and

superstring theory.

Our Team



Masahiro Takada

IPMU Associate Professor

My research interest lies in the field of
observational cosmology, especially aimed at
understanding how hierarchical structures of the
Universe have been formed. The standard scenario
predicts that cosmic structures are formed as a result
of amplification of primordial seed fluctuations due
to gravitational instability mainly driven by dark
matter. In addition, another mysterious component
(to cause the present-day cosmic acceleration), dark
energy affects structure formation through the
effect on cosmic expansion. Finally, the Big Bang
relic neutrinos  finite masses imprint characteristic
features onto large-scale structures. Therefore, a
detailed study of the properties and time evolution
of structure formation processes using cosmological

observations allows us to explore the nature of dark

Keiichi Maeda

IPMU Assistant Professor

Supernovae are the explosions that announce the
death of stars. | investigate the physical processes
involved under these extreme conditions, and
evaluate the use of these explosions as probes of
the cosmology and the evolution of the Universe.
So far, I have worked primarily on supernova
explosions of massive stars: nucleosynthesis and
radiation processes to simulate their appearance,
and observations mainly using the Subaru telescope.
My research activities revealed that the explosion
geometry is far from spherical, and that this is an
intrinsic ingredient of the supernova explosion. Also,
the deviation seems to be larger in more energetic

explosions which are linked to high energy transients

Research Area: Astronomy

Research Area: Astronomy

matter, dark energy and neutrinos. This is the final
goal of my research.

What | have worked on so far includes:
(D developing a method based on cosmological
gravitational lensing to probe dark energy,
@ reconstructing dark matter distribution in a
galaxy cluster based on a lensing analysis of the
Subaru data, and ® developing a model to describe
the effect of finite-mass neutrinos on structure

formation.

called gamma-ray bursts. Currently, my research
is mainly on Type Ia supernovae, which are the
thermonuclear explosions of white dwarfs. The aim is
to clarify the still-unknown progenitors and explosion
mechanisms, to provide a solid basis for using these
luminous objects in cosmological study, and then to
come up with new ideas with which to explore the

evolution of the Universe.
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Fuminobu Takahashi

IPMU Assistant Professor

My main interest lies in understanding why
our universe looks the way it does today. Particle
cosmology plays an important role in shedding light
on the evolution of the universe as well as on the
underlying fundamental theory.

In the early universe, interesting phenomena —
completely different from those we see in everyday
life — may have occurred. For instance, recent
observations strongly suggest that there was
an inflationary epoch during which the universe
expanded at terrific speed. On the other hand, it is
not fully known how the universe was heated or

how the matter that constitutes our bodies was

Yukinobu Toda

IPMU Assistant Professor

Algebraic varieties are geometric objects defined
by zero locus of polynomials, and their properties
have been studied for a long time in the form of
such familiar shapes as parabolas and circles. On
the other hand, a special class of algebraic varieties
called Calabi-Yau manifolds is playing an important
role in modern superstring theory, in which an
interesting conjecture called mirror symmetry has
been proposed. This conjecture claims that there
should exist a symmetry between two different
mathematical objects (algebraic varieties and
symplectic manifolds), and now this conjecture is
described by an abstract notion of triangulated
categories. Triangulated categories corresponding to
algebraic varieties are derived categories of coherent
sheaves, and | have been studying derived categories.

My recent works are descriptions of the spaces

Research Area: Theoretical Physics

Research Area: Mathematics

created after inflation.

Recently | have shown that an inflaton, the
potential energy of which drives inflation, generically
decays into standard-model particles as well as
a superpartner of the graviton. | hope that this
discovery will become an important guide to unravel
the thermal history of the universe as well as the

new physics beyond the standard model.

of stability conditions on certain derived categories,
and constructions of the moduli spaces of (semi)
stable objects on them. Here the notion of stability
conditions is considered to give a mathematical
framework of BPS-branes in superstring theory,
and we can observe several interesting symmetries
other than mirror symmetry by studying derived
categories and stability conditions on them. | believe
that we can understand such symmetries uniformly,
by establishing a new geometry based on derived
categories, and developing the theory of stability

conditions.

Our Team



Alexandre Kozlov

Distinguished Postdoc

Large detectors located in well-shielded deep
underground facilities provide various unique
opportunities to search for rare processes originating
from dark matter interactions, nucleon decay, double
beta decays, etc. | participate in the KamLAND
collaboration which built the world's largest liquid
scintillator detector with the primary goal of studying
neutrino oscillations. In addition, KamLAND may also
provide a very clean environment where searches
for new physics can be initiated. In the future the

Chuan-Ren Chen

Postdoc

In the near future, the Large Hadron Collider (LHC)
will provide us some hints about physics beyond
the Standard Model. My current research focuses
mainly on exploring the collider phenomenology
of new physics and on studying how to distinguish
different models at the LHC. In addition to the LHC,
cosmology measurements recently have given us

direct evidence for new physics, such as dark matter

Shushi Harashita

Postdoc

Research Area: Mathematics

| am a mathematician. My research interests are in
the area of number theory and algebraic geometry.
| have studied the structure of the moduli space of
polarized abelian varieties in positive characteristic.
The moduli space has two main stratifications:
Newton Polygon and Ekedahl-Oort. | am now
interested in the structure of each stratification and

in the intersections of NP-strata and EO-strata. |

Research Area: Experimental Physics

Research Area: Theoretical Physics

KamLAND detector will be used to search for
neutrinoless double beta decays by introducing
Xenon-136 gas into the sensitive detector volume.
If discovered, neutrinoless double beta decay would
help to answer questions about both the absolute

scale and the origin of neutrino mass.

and baryon asymmetry. Therefore, | am also very
interested in examining the interplay between LHC

phenomenology and cosmology.

believe that this research will result in some good
contributions to number theory and algebraic

geometry (and to physics in the future).
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Suguml KannO Research Area: Cosmology

Postdoc

String theory is a promising candidate for the
final fundamental theory of physics. Inflation is a
phenomenologically very successful idea. Now, a new
field of research called string cosmology is beginning
to describe inflation geometrically. There exist three
main approaches toward a realistic model of the early
universe; the string theorist’s approach, the general

relativist's approach and the cosmologist’s approach.

ISSha KayO Research Area: Astronomy

Postdoc

The main topic of my research is to extract
cosmological information from the large-scale
structure of the Universe, particularly using the actual
data taken by the Sloan Digital Sky Survey and virtual
data generated by N-body simulations. | am also
interested in the gravitational lensing phenomenon
caused by the gravity of galaxies or the large-scale
structure, and hunting gravitationally lensed quasars

from the summit of Mauna Kea, Hawaii.

Satoshi Kondo

Postdoc

Research Area: Mathematics

| am interested in number theory, particularly
Grothendieck’s theory of motives and Beilinson’s
conjectures. During my Ph.D. work at the University
of Tokyo under Kazuya Kato, | worked on Drinfeld
modular analogue of Beilinson’s result on modular
curves. In a joint work with Seidai Yasuda we
generalized it to higher dimensions, and applied it to
the computation of lower K-groups of elliptic curves

over a function field of a curve over a finite field.

My approach is interdisciplinary in the sense that | try

to combine advantages of each approach.
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Research Area: Mathematics

Yuji Sano

Postdoc

My research interest is the existence problem of
the canonical Kahler metrics such as Kahler-Einstein
metrics. Nowadays it is conjectured that the condition
for their existence would be described in terms of
stability of manifolds in the sense of Geometric
Invariant Theory. | think that an interesting point
of this conjecture is that it connects two aspects;
differential geometry and algebraic geometry. |
expect that this problem could give us a new view of

geometry.

Yasuhiro Shimizu

Postdoc

My research interest is physics beyond the standard
model of particle physics. Experiment at the LHC will
hopefully uncover the mechanism of electroweak
symmetry breaking and/or physics beyond the
standard model. Among various models beyond
the standard model, | have studied supersymmetric
models, in which the lightest supersymmetric particle

may be the dark matter of our universe.

Shinya Wa najO Research Area: Astronomy

Postdoc

My research interests include the origin of the
elements and some related topics such as the
mechanism of supernova explosions and cosmic
chemical evolution. In particular, | am interested in the
r-process, which is responsible for the production of
a half of the elements heavier than iron such as silver,
gold, platinum, and uranium. | have been studying

nucleosynthesis in supernovae as well as Galactic

Research Area: Theoretical Physics

chemical evolution to identify the astrophysical origin

of the r-process species.
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Opening Symposium

On March 11 and 12, 2008, the
opening symposium of IPMU was held
at the Media Hall in Kashiwa Library
at the University of Tokyo. The aims of
the symposium were to cover all of the
research areas studied at IPMU and to
discuss ways to bring out the synergies
in three core fields of research - physics,
mathematics, and astronomy. As many
as 172 registered participants took
part. IPMU invited an impressive group
of leading researchers as speakers for
the event. The great success of the
symposium can be credited to the high
quality of their talks, which combined
introductory reviews with news on the
latest progress of leading-edge research.

After addresses by Hiroshi Komiyama
(President of the University of Tokyo) and
Shinichi Kawarada (Senior Deputy Director
General of Science and Technology
Policy Bureau, MEXT), the talks on the
symposium program commenced.
March 11
-“IPMU” by Hitoshi Murayama (IPMU)

- “The state of string theory” by David J.
Gross (Kavli Institute for the Theoretical
Physics, UC Santa Barbara)

- “Subaru telescope and its prospects for
observational cosmology” by Masahiko
Hayashi (Subaru Telescope, NAQOJ)

- “Geometric structures over space and
their applications to physics™ by Shing-
Tung Yau (Harvard University)

- “Experiments at the new SNOLAB
underground facility” by Arthur B.
McDonald (Queen's University)

- “New horizons in particle physics -
from the Higgs boson to dark matter at
the LHC” by Karl Jakobs (University of
Freiburg)

- “Implications of the Higgs discovery” by
Gian Francesco Giudice (CERN)

March 12

- “Symplectic geometry of Lagrangian
submanifold” by Kenji Fukaya (Kyoto
University)

- “Experiments at Kamioka underground”
by Yoichiro Suzuki (ICRR)

- “The evolution of cosmic structure” by
Simon D.M. White (Max-Planck-Institute
for Astrophysics)

-“On mathematical problems of quantum
field theory” by Nicolai Reshetikhin (UC
Berkeley)

- “A noble endeavor - the hunt for dark
matter” by Richard Gaiskell (Brown
University)

- “Physics perspectives for the LHC" by
Jonathan Ellis (CERN)

- “Collaborative opportunities with the
US" by James Siegrist (Lawrence Berkeley
National Laboratory)

N
Murayama stressed the need for
mathematicians, theoretical physicists,
experimental physicists, and astronomers
under the same roof to pool their
brainpower and solve mysteries in the
Universe. This is the very concept of IPMU.

Gross criticized the anthropic
principle which states that fundamental
parameters in the Universe happen to
be the ones that allow the existence of
life; he pointed out the importance of
understanding how the typical physical
scale arises from fundamental physics.

Hayashi summarized recent discoveries
with the Subaru telescope, then
introduced future improvements - Hyper
Suprime-Cam and FMOS.

McDonald spoke on the perspectives of
future underground experiments, focusing
closely on the SNOLAB experiment.
Future experiments will allow us to attack
various issues such as dark matter.

Yau reviewed geometric structures over
space and their applications to physics:
local symmetries, connections, group
theory, physics equations, and string

theory.

Jakobs reviewed four issues tackled by
LHC experiments: the origin of mass, the
unification of fundamental theories, the
generation problem, and the nature of
dark matter and dark energy.

Giudice reviewed implications of what
the Higgs discovery by the LHC will lead
to in the future. The discovery of the
Higgs particle does far more than expand
our knowledge of particles: it opens up a
new set of fundamental questions.

Fukaya described ways that
mathematics and physics connect at
various levels, presenting examples such
as string theory, mirror symmetry, and so
on.

Suzuki outlined several future projects
at Kamioka: T2K for the neutrino
oscillation study, XMASS and NEWAGE
for the direct dark matter search,
KamLand for the study of neutrino-
less double-beta decay, LCGT for the
detection of gravitational wave, and
Hyper-K for searching proton decay.

White reviewed state-of-art computer
simulations of the formation of the large-
scale structure of the Universe. The
simulations provide a link between the
linear early Universe and today's nonlinear
world.

Reshetikhin talked on mathematical
problems in quantum field theory.
Attacking these problems should increase
the interaction between physics and
mathematics.

Gaitskell pointed out the importance of
direct dark matter detection as a method
for probing supersymmetric particle
models.

Ellis described several types of questions
that can be tackled by experiments at
the LHC: the origin of particle masses, the
number of matter particles, unification of
the fundamental forces, and the quantum
theory of gravity. Discoveries by the LHC
will set agenda for future projects.

Siegrist spoke on opportunities for US-
Japan collaboration.

Symposium



IPMU Interview

with Masatoshi Koshiba

Interviewer: Kunio Inoue

Making every effort to win
the competition

Inoue: Professor Koshiba,
you started neutrino research
using Kamiokande, from
which subsequently the
Super-Kamiokande and
KamLAND, and then K2K and
T2K experiments evolved. |
think that Japan now takes

a leading role in the world in
the field of neutrino research.
| would like to hear about
how you started the neutrino
research using Kamiokande,
and how Kamiokande

was able to achieve such
developments.

Koshiba: These are difficult
questions, and not easy to
answer. Kamiokande was
initially designed for the
purpose of searching for
proton decays. But when our
proposal was about to be
accepted by the Monbusho
(Ministry of Education, Science,

Masatoshi Koshiba is Honorary
Professor Emeritus of the
University of Tokyo. He was
awarded the 2002 Nobel

Prize in Physics jointly with
Raymond Davis Jr. for pioneering
contributions to astrophysics,

in particular, the detection of
cosmic neutrinos. Among many
other distinguished awards he
received, particularly noteworthy
was the 1997 Order of Cultural
Merit conferred by The Emperor
of Japan in person.

and Culture) the IMB project
in the US suddenly emerged.
It had a much larger budget,
much larger water volume,
and PMTs (photomultiplier
tubes) of comparable photon
sensitivity to ours. | thought
that we would lose the
competition, and spending
tax payers  money on an
experiment which we were
bound to lose would not be
justified. My conclusion, after
careful thinking, was that |
would not even try to request
more money, but rather
improve the sensitivity of each
PMT by orders of magnitude.

I approached the president
of Hamamatsu Television (now
Hamamatsu Photonics). | had
known him for the previous 10
years or so because my group
was developing new PMTs for
an electron-positron collider
experiment in Germany.
Through this experience,
| knew that the company
would be willing to become
involved in new developments.
I tried to talk him into the
idea of developing a large
20" diameter PMT. He was
hesitant at first. The chief
engineer accompanying him
was opposed to the idea,
saying, “That's out of the
question, sir!”
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It took more than three
hours to persuade him to go
ahead. | assigned Teruhiro
Suda, Atsuto Suzuki, and
Katsushi Arisaka [%1], from
my group for the project.
Subsequent development
went well and we got good
PMTs. It was the spring of
1983.

We immediately began
installation of those PMTs,
and more or less completed
the work by August. Then
we filled the water tank and
started to take data from
September. We found the
data to be of unexpectedly
good quality. In other words,
we could see a beautiful
energy spectrum of decay
electrons from muons which
entered the 3,000-ton water
tank and stopped. We could
clearly see the spectrum down
to as low as 12 MeV. Below
that, however, the background
increased drastically and
buried the signal completely.

% 1: At that time the late Professor
Teruhiro Suda, Kobe University,

was an associate professor at ICRR,
the University of Tokyo; Professor
Atsuto Suzuki, now Director General
of KEK, was an assistant professor
at the University of Tokyo; and
Professor Katsushi Arisaka, UCLA,
was a graduate student of the
University of Tokyo.

Our experiment would
have been like buying a
lottery using tax payer's
money if it had only searched
for proton decay, as | said
earlier. So | thought, since we
could see these low-energy
electrons cleanly, we should
try to reduce the background
by orders of
magnitude
and try to see
electrons below
10 MeV cleanly. If we
could achieve that, we would
be able to measure electrons
scattered by solar neutrinos.
This way we ought to have
been able to make real-time
observations of the arrival
time, incoming direction, and
energy spectrum of solar
neutrinos.

Giving chances to capable
young people

But, after a simple
calculation, it was obvious
that we could have collected
at most only one event
per week, even if we had
1,000-ton fiducial mass.

Kunio Inoue is the Director
of the Research Center for
Neutrino Science, Tohoku
University, and a principal
investigator of IPMU.
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The question was, could we
further reduce the background
of several events per second.
This required purification of
the water. So | appointed
Atsuto Suzuki to take charge
of a project to produce “the
cleanest water in the world”.

| was pleasantly surprised
when he, completely new to
this business, made numerous
investigations and succeeded
in producing the cleanest
water in the world in less than
a year.

I am often invited to lecture
at business executives’
meetings in Japan. | mention
that you should boldly appoint
capable people to responsible
positions, even if you think
they may be too young. Such
people are sure to make great
progress. | tell them that | have
seen several such cases in the
Kamiokande experiment, and
one was the case of Atsuto
Suzuki.

One of the key elements for
the success of Kamiokande
was that | seldom said “do
that” or “do this" to the
young members of my
group. | tried to create a
situation where each member
understood what they had to
do. | think this is an important
point for making progress in a
project.

Inoue: Do you think a secret
key to Kamiokande's success
was giving chances to young
people and letting them
having big responsibilities?
Koshiba: | think so. The other
thing was choosing the name
“Kamiokande.” Earlier proton
decay and solar neutrino

experiments were low-profile
work, but had to continue
for many years. Therefore, it
was important to attract the
local people’s attention to
the project in order for it to
operate smoothly. So, | took
“Kamioka” as the first part of
the experiment name hoping
that people would feel closer
to the project. Then, | added
“NDE" as an acronym for
“Nucleon Decay Experiment”.
As you know, since
Kamiokande had been
producing physics results,
mostly concerning neutrinos,
people worldwide tend
to think “NDE" stands
for “Neutrino Detection
Experiment”. | don't mind.
Either way is OK with me.

Toward solar neutrino
observations

Anyway, we needed more
money. In order to detect
solar neutrinos using this
method, we had to select one
event or so per week out of
the background. We had to
reduce the background by
orders of magnitude.

To do this, we first had to
install an anti-counter having
4n solid-angle coverage
and capable of surrounding
the entire detector. The
other thing we needed was
upgraded electronics. At that
time, lack of money meant
that we had only digitizers
to record signal pulse height
(ADCs). We had to have
digitizers capable of recording
signal timing (TDCs) to make
more precise measurements.
These upgrades required
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money, but it was not realistic
to request additional funding

from the Monbusho. We

had to look around for other

sources of money.

Also at that time, there
were quite a few objections to
the upgrade plan amongst the
collaborators, although the
group was still small.

Inoue: Were the objections
from within the group?
Koshiba: Yes, from within
the group. If we wanted to
detect solar neutrinos, we had
toinstall a 47 anti-counter, as
| told you. To do this, we had
to remove the PMTs in the
bottom part of the detector,
which we had worked so
hard to install, and had to re-
install them at a higher level.
We had to waste a lot of time
and lose a significant part of
the fiducial mass. This meant
a loss of the fiducial mass for
a proton decay search, so the
objections were rather strong.

But I made a decision to
go ahead as a group leader.
Now | had to look around
for the sources for TDCs and
the funds for installing the
anti-counter. About three
months later, in January
1984, an international
conference on baryon number
non-conservation, called
“ICOBAN", was held in Park
City, Utah. | attended this
conference and presented
the preliminary results from
Kamiokande, and at the same
time presented two proposals.

First | explained that we
could make a clean detection
of electrons down to as low
as 10 MeV because of new
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PMTs with high sensitivity.
| continued to explain that
we wanted to pursue the
possibility of an astronomical
observation of solar neutrinos
by observing electrons. My
first proposal was to invite
collaborators who could bring
TDCs, associated electronics,
and some other resources.
Mann [%2] and his group from
University of Pennsylvania
responded to this proposal
and said they wanted to take
part.

| stressed that this was just
to show feasibility because
even if we succeeded
in making astrophysical
observations of solar
neutrinos with Kamiokande,
the facility was not big
enough. To go beyond the
feasibility experiment and
into real observation of solar
neutrinos with this method, a
considerably bigger detector
would be needed. So my
second proposal was to invite
collaborators to build Super-
Kamiokande, containing
50,000-tons of water.

Supernova neutrinos
detected!

Inoue: I'm impressed that you
had a master plan from very
early on.

Koshiba: Yes, it was January
1984. But, there was no
response to the second
proposal. | made these two
proposals in the first week

%2: Alfred Mann, now Professor
Emeritus at University of
Pennsylvania, was a professor there
at the time.



of January 1984. Mann and
his group came to Japan in
February and visited Kamioka.
They made it clear that they
wanted to work together.
They would provide 1,000
channels of TDCs and a new
computer. We managed to get
some money to build the 47
anti-counter with the bottom
PMTs re-installed at an upper
level, and to further purify the
water.

As you know, the Kamioka
mine produced heavy

Inside Kamiokande. The detector was located 1,000m underground in the Kamioka Mine.
The cylindrical detector tank, 15.6m in diameter and 16m in height, contained 3,000 tons
of pure water. The interactions of elementary particles inside the detector were observed
by 948 photomultipliers with a diameter of 50cm, the largest in the world. Kamiokande's
observations ceased in 1995 as the construction of Super-Kamiokande approached
completion. Later, KamLAND was constructed at the former Kamiokande's site. (©ICRR)

elements, so there is plenty of
radioactive radon gas in the
mine tunnel. Its concentration
is roughly ten times higher
compared to other tunnels.
Radon gas easily dissolves in
water. Since we had to supply
cold underground water to
prevent a temperature rise,
radon caused more and more
background.

In order to cope with this
problem, we tried several
methods, such as storing
the water in a buffer tank

for some period, or further
improving the filtering system
developed by Atsuto Suzuki.
We reached a point where
we reduced the background
to a manageable level for
starting the solar neutrino
observation in January 1987.
In early January, the radon
peak finally disappeared,

and we were set to embark
on the neutrino data-taking.
Within two months | began to
receive frequent phone calls
from many different places,

saying that a supernova had
occurred in the southern

sky. They wanted to know if
we had seen a signal of the
neutrino pulses that should
have been produced when
the supernova explosion

was triggered. | called the
Kamiokande site and told

the person on duty to send
the magnetic tapes to the
University of Tokyo right away.
When we analyzed the tapes
in our computer, we found the
signal.
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Inoue: That is a fascinating
story. Did you have a plan

to detect solar neutrinos

from the beginning of the
Kamiokande-I proton decay
experiment?

Koshiba: You probably don't
know this. | was determined
to show at the Utah
conference in January 1984
that we could detect solar
neutrinos using this method.
Also, in the budget request for
1985, which was submitted

in spring 1984, | attached a
small pamphlet explaining
that a certain number of
neutrinos could be detected if
a supernova explosion were to
occur in our galaxy, in addition

% 3: Yoji Totsuka, Honorary Professor
Emeritus of the University of Tokyo,
was an associate professor at that
time, and Jiro Arafune, Professor
Emeritus of ICRR, the University of
Tokyo, was a professor.

Left: Inside KamLAND. The inner surface of the spherical 18-m diameter detector tank is fitted
with 1,897 giant photomultipliers. This photo shows the upper part of the detector, viewed from
the bottom. At the center of the tank is located a 13-m diameter transparent balloon filled with
1,000 tons of liquid scintillator. (It was not yet installed when this photo was taken.) (©RCNS)
Right: Inside Super-Kamiokande. The inner surface of the cylindrical detector tank, which
contains 50,000 tons of pure water, is fitted with 11,146 photomultipliers measuring 50cm in

diameter. ({

©ICRR

)
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to detecting solar neutrinos
using the method | just
described. The pamphlet also
mentioned the possibility of
detecting neutrino oscillation.
Inoue: | see. You had
tremendous foresight.
Koshiba: Well, | was having
a variety of discussions with
people around me those
days. So these ideas may not
necessarily have been my
own. But new possibilities
appear when we really think
hard about what we can do
with what we have.

Inoue: With whom did you
have these discussions? Your
collaborators or people from
wider fields?

Koshiba: | retired from the
University of Tokyo in March
1987. In those days, namely
between 1984 and 1987, Yoji
Totsuka had already joined my
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group, and Teruhiro Suda and
Jiro Arafune were participating
in many workshops at ICRR
[%3].

Future of
neutrino physics

Inoue: It's interesting to hear
that discussion was taking
place in those places. After
your pioneering work on
neutrino astronomy, Super-
Kamiokande measured solar
neutrinos with impressively
high precision, and KamLAND
detected geoneutrinos.
Although in a slightly different
direction, we now have
neutrino experiments in the
South Pole and undersea.
What's your opinion about
close ties with other fields

in neutrino research. | guess
there are merits in it.
Koshiba: Neutrino research
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was the least developed
branch of particle physics
experiments over the past
few decades. The main reason
is that among elementary
particles, neutrinos are the
only ones that do not carry
an electric charge. Particles
with an electric charge are
easy to detect. But we have to
let those without an electric
charge interact in matter and
convert into charged particles
in order to observe them. This
is a difficult process.

It was only recently that
the neutrino mass, which was
believed to be zero, was found
not to be zero, as you well
know. | think neutrino physics
has entered a new era, but
there are still many things we
don't know about neutrinos.
We don't know 6,5 among

the oscillation parameters. We




don’t know the CP violation
parameter, either. We might
find out more regarding why
only matter remained after
the Big Bang and all of the
anti-matter disappeared, by
knowing these parameters.

| want to stress that we must
have a clear understanding
of neutrino oscillation in
order to understand the
observed results in neutrino
astrophysics. This is clear from
the case of solar neutrinos.

As you know, COBE
observed microwaves in
the universe and obtained
information about the
universe of 370,000 years
after the Big Bang. The same
thing can be done with the
background neutrinos if we
can ever detect them.

But how to detect them is
really a difficult problem. For
the past several years | have
been approaching theorists
whom | respect with an idea
that neutrinos with such low
energy would go through
total reflection. I have asked
various people about this
possibility, which is still based
on my own intuition. | first
asked Yoichiro Nambu, who
sent me a two-page response,
saying “it might be correct”.
But his two-page note
was too difficult for me to
understand, so | wrote to
Gyo Takeda in Sendai asking
for an explanation (k4] .

He responded, saying that
Yoichiro Nambu's answer was
%4 Yoichiro Nambu is Distinguished
Service Professor Emeritus of the
University of Chicago. Gyo Takeda

is Professor Emeritus of Tohoku
University.

“more or less correct.” | asked
him again to study it more
seriously.

Professors Takeda and
Arafune have been working
hard on this problem
recently, and finalized their
results into an article. This
phenomenon is not as simple
as electromagnetic waves,
because three different
neutrinos oscillate among
them. So compared with the
equations corresponding to
the electromagnetic wave
passing through matter, they
become diffusion equations
that are an order of magnitude
more difficult. It is indeed a
very difficult problem. They
think, however, they have
made enough progress so
they will publish their article
as an ICEPP preprint.

Super-Kamiokande should
continue reliable data-taking

Inoue: | have a final question.
IPMU is pursuing projects

at Super-Kamiokande and
KamLAND. Super-Kamiokande
will try to measure 6,; and the
CP violation parameter, which
you mentioned earlier, in T2K.
It is also preparing for the
detection of relic supernova
neutrinos (neutrinos from
past supernova explosions)

by adding gadolinium to the
water. KamLAND will try to
detect neutrinos from the
solar CNO cycle. Also, it aims
to observe double beta decay
by adding xenon to liquid
scintillator. In future, what do
you want to see from these
two experiments or from
neutrino research in general?

Koshiba: It will be exciting if
one could catch even a hint of
relic neutrinos.

Inoue: Oh, you mean 1.9K
relic neutrinos originating
from the Big Bang.

Koshiba: Yes. But it will be
very, very difficult. So people
should not start haphazardly,
or they may waste a few
decades.

I want to add one thing in
particular, which | said recently
to Takaaki Kajita, who has
just become the Director of
ICRR [%5]. Super-Kamiokande
started full operation with
all PMTs installed. You can
now continue data-taking
for quite some time. You
should continue further solar
neutrino observation seriously.
Besides that, the data from
Super-Kamiokande will play
an essentially important role
should a supernova explosion
occur in our galaxy. There is
no other detector in the world
of comparable capability.
Inoue: | agree with you.
Koshiba: So it is very
important. You must continue
reliable data-taking so that
you can be ready for a
supernova explosion to occur
at any time. This is one point.

The other point which |
want to stress is not to forget
the very original aim of the
experiment, proton decay.
Super-Kamiokande can pin
down the signals, not only
those predicted by Glashow's
SU(5) theory, but those from
several other decay processes.
You should pin down the
lower limits of partial life
for all possible decay modes

studied from the Super-
Kamiokande data, and make
them public. How about doing
this by the end of the year?
Inoue: Do you have anything
you want to see from
KamLAND?
Koshiba: I think Atsuto Suzuki
has done an excellent job in
nurturing that facility. | often
mention, when asked to give
lectures, that it was KamLAND
that made it possible to catch
anti-electron neutrinos from
the isotopes inside the earth. If
one can utilize this technique
and continue measurements
for a few years with several
of the similar detectors across
the world, one can conduct
earth tomography, with all
the data of the places and the
quantities of the materials.
This would be a revolutionary
occurrence in the field of
geophysics.

| think it is important to
carry on this project as a
worldwide project. | try to
convince audiences about this
whenever | give lectures. For
example, people in Hawaii
want to do it, and | hear the
SNO group is also interested.
There is a movement in
Europe as well. | did not
seriously think about the
possibility of anti-electron
neutrino detection. Atsuto
Suzuki brought this idea to
reality by building KamLAND.
That was a very good thing.
Inoue: Thank you for your
time today.
% 5: Takaaki Kajita is the Director
of the Institute for Cosmic Ray
Research, the University of Tokyo

(since April 2008). He is also a
principal investigator of IPMU.
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Opening Symposium
and Reception

On March 11 and 12, 2008, the
IPMU Opening Symposium was held
at the Media Hall in Kashiwa Library at
the University of Tokyo. Details on the
symposium can be found on page 15.

The symposium was preceded by
a reception held on March 10 at the
Crest Hotel Kashiwa to celebrate the
foundation of the IPMU. The following
guests gave speeches (in chronological
order): Yasutaka Moriguchi
(Director General of the Science and
Technology Policy Bureau, MEXT),
lwao Matsuda (former Minister of
Science and Technology Policy, Food
Safety and Information Technology;
Member of the House of Councilors,
the National Diet of Japan), Young
Kee Kim (Deputy Director of the Fermi
National Accelerator Laboratory),
Akiko Domoto (Governor of Chiba
Prefecture), Akira Honda (Mayor of
Kashiwa City), David Gross (Director
of the Kavli Institute for Theoretical
Physics, UC Santa Barbara), and
Shing-Tung Yau (Professor, Harvard
University).

Masahiro Takada wins ASJ Young
Astronomer Award

On March 26, 2008, the
Astronomical Society of Japan (ASJ)
announced that Masahiro Takada,
an associate professor at IPMU, had
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been selected as a recipient of the
ASJ Young Astronomer Award. Every
year, the ASJ awards the prize to up
to three young astronomers, aged 35
or less, who have made distinguished
contributions to astronomy over the
past five years. The award ceremony
was held during the ASJ annual
meeting.

Takada received the prize for his
study on the distribution of the dark
matter. Dark matter, by definition, is
invisible in electromagnetic radiation,
which makes its properties totally
mysterious. Takada has developed
a theoretical method to probe dark
matter using the gravitational lensing
phenomenon predicted by Einstein’s
general theory of relativity. When an
astronomer observes galaxies, their
shapes are affected by gravitation of
the intervenient dark matter. This is the
essential point to the strategy behind
Takada's proposal. Takada has also led
observations using the Hubble Space
Telescope and the Subaru Telescope,
and has successfully identified the
distribution of dark matter.

“This prize is very exciting, as it
encourages our efforts to understand
the hidden parts of the Universe by
scientific knowledge,” said Takada.

“Exploring the dark part of
the Universe requires totally new,
revolutionary ideas. We look with
hope to young researchers as a source
for these ideas. The prize reaffirms this
important point,” commented IPMU
Director, Hitoshi Murayama.

Hirosi Ooguri
wins the Humboldt Prize

The Humboldt Foundation, a
German counterpart of the Nobel
Foundation of Sweden, announced
that Hirosi Ooguri, a principal
investigator of IPMU, is to receive
the Humboldt Prize for 2009. This
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prize is awarded to internationally
leading researchers who have made
fundamental discoveries in the arts,
human sciences, or natural sciences.
Ooguri was selected as the prize
recipient for his work in developing
a mathematical method in quantum
field theory and string theory.

The award ceremony will be held
in March 2009 at a symposium and
reception in Berlin hosted by the
German prime minister. Ooguri is
planning to use the prize money,
60,000 Euros, to study unifying
quantum theory and gravitation
theory in collaboration with the Max-
Planck-Institute in Germany.

IUPAP Young Scientist Prize
awarded to Naoki Yoshida and
Eiichiro Komatsu

The International Union of Pure and
Applied Physics (IUPAP) announced
that Naoki Yoshida, a physicist to join
IPMU as an associate professor from
September 2008, had been selected
to receive the IUPAP Young Scientist
Prize in Computational Physics.
Yoshida received the prize for his
state-of-art computer simulation study
on the large-scale structure of the
Universe. The ceremony will be held at
an I[UPAP symposium in August 2008,
in Brazil.

IUPAP also announced that Eiichiro
Komatsu, an associate professor at
the University of Texas and a joint
scientist of IPMU, had been named a
recipient of the IUPAP Young Scientist
Prize in Astrophysics, for his study on
the cosmic microwave background.
The ceremony will be held at a
symposium on relativistic astrophysics
in December 2008, in Canada.

External Advisory Committee

The External Advisory Committee



of IPMU met for the first time on the
Kashiwa Campus on March 13, 2008,
just after the Opening Symposium.
The Committee is made up of eight
distinguished researchers from around
the world, of whom seven participated
in the meeting.

The report from the Committee
members lauds the speed with which
the institute was established, declaring
that “the organization of the institute
in the first few months of its existence
is nothing less than spectacular” The
report also stresses the importance
of the University of Tokyo's role in
supporting the institute, and offers
various suggestions on ways for
the institute to play a major role
worldwide. IPMU members have taken
the constructive comments from
the Committee seriously and have
used them to plan out the further
development of the institute.

Site visit

On April 17, 2008, delegations from
JSPS and MEXT came to IPMU for a
site visit. Prominent members included
the WPI Program Director (PD), Toshio
Kuroki, and the Program Officer (PO)
assigned to IPMU, Ichiro Sanda. Two
presenters, Hitoshi Murayama (Director
of IPMU) and Sadanori Okamura (Vice
President of the University of Tokyo),
spoke on the current status and future
strategy of IPMU. Visiting delegates
and IPMU members discussed ways
to further improve the management
of IPMU from comprehensive

perspectives. The delegates also met
with many researchers working at
IPMU, especially young researchers
and foreign researchers.

First WPI Follow-up Meeting

The WPI Program Committee held
its First Follow-up Meeting on May
20, 2008, in Tokyo. The Directors of
the five WPI Centers selected last
year presented progress reports on
the work they had completed during
the first six months. The Committee
assessed the state of progress at each
WPI Center, based on the progress
report presentations and the site visit
reports prepared by the PD and POs.
The Committee spared no praise for
the strong leadership of the IPMU
Director, Hotoshi Murayama.

The Committee’'s comments can
be found at http://www.jsps.go.jp/
english/e-toplevel/08_followup.html.

Prefabricated buildings for IPMU
researchers completed

Soon after its launch in October
of last year, IPMU located its
temporary offices for researchers and
administrative staff in the General
Research Building on the Kashiwa
Campus of the University of Tokyo.
Researchers have been working side
by side at desks set up in a large office
room. Two prefabricated buildings
were completed for IPMU researchers
this May (A and B in the photo), and
a third was completed in June (C).
The researchers now enjoy a calmer

working environment, in private
offices of their own or in offices for
two.

The design work for the IPMU
Main Research Building, a five-story
structure with a total floor space of
about 5,800m’, is now at the final
stage. The building is expected to be
completed in the fall of 2009.

Conference Report
—Focus Week: Neutrino Mass

IPMU held its second Focus Week
from March 17 to 20, 2008. A
gathering of about 40 experts from
various fields came to the conference
from all over the world to discuss the
elusive questions of neutrino mass.

The invited speakers and the
topics of their talks are listed in the
announcement issued in the previous
volume of the IPMU News. Schedules
and presentation files can be found
on the IPMU homepage.

The conference was quite successful.
The talks covered a wide range of
topics relevant to neutrino mass:
Theory, Phenomenology, Experiments,
Astrophysics, and Cosmology. The
special format for Focus Week allowed
researchers from diverse backgrounds
to actively discuss common themes.

——Asian Mathematicians and
Theoretical Physicists Conference

The IPMU Conference of Asian
Mathematicians and Theoretical
Physicists was held from March 20 to
22,2008 to promote collaborations
among researchers in Asia. About 25
researchers took part in the event,
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including two speakers from India, four
from South Korea, one from China,
and four from Japan. Besides the
scientific talks, IPMU Director Hitoshi
Murayama presented plans on the
future of the institute. His presentation
was followed by a lunch meeting

to discuss plans for collaborations
among various research centers in
Asia, including two in India (the Tata
Institute in Mumbai and the Harish-
Chandra Institute in Allahabad), two in
South Korea (Seoul National University
and the Korea Institute for Advanced
Study), and one in China (Center for
Mathematical Sciences in Zhejiang
University). The IPMU will follow up on
the discussion by promoting research
exchanges between IPMU and these
institutes.

——Moonshiney Conference

On May 22 - 24, 2008, the
Moonshine conference was held at
the Media Hall in the Kashiwa Library
at the University of Tokyo. Moonshine
is a term referring to the mysterious
relationship of a certain group of finite
order, the so-called Monster group,
with modular functions. This topic
originated from an initial observation
by J. McKay and the Moonshine
conjecture proposed by J.H. Conway
and S.P. Norton. Recent evidence
indicates that Moonshine and Monster
group are related to theoretical
physics by nature. Specialists and
theory originators came to the
conference to discuss the current and
historical movements around this area.

The invited speakers and the topics
of their talks are listed on the IPMU
homepage.
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Future Conferences
——Second Focus Week on LHC
Phenomenology

IPMU is organizing the second
LHC Focus Week, a small discussion-
oriented meeting on New Physics at
LHC. The meeting will be held at IPMU
on June 23 to 27, 2008. It will take
the same form of the “Focus Week,”
a week of presentations, two to three
per day, with ample time for members
to discuss and develop new projects.
One day of the week will be reserved
for workshops. Participants are
encouraged to make presentations.

The following speakers are
invited: Richard Cavanaugh (CMS,
Florida), Hsin-Chia Cheng (UC
Davis), Rikkert Frederix (Louvain),
Yeong Gyun Kim (KAIST), Ryuichiro
Kitano (LANL), Tommaso Lari
(ATLAS, INFN), Christopher Lester
(ATLAS, Cambridge), Takemichi Okui
(Maryland), and Jay G. Wacker (SLAC).
Further details can be found on the
IPMU homepage.

Seminars

IPMU constantly hosts seminars
presented by researchers from all over
the world, including the IPMU regular
seminars held every Wednesday,
at 3:30 pm at the IPMU Kashiwa
Campus. The regular seminar series
covers introductory topics from fairly
broad, multifaceted perspectives to
encourage mutual communication
between researchers with different
research backgrounds. IPMU has
also started two subgroup seminars
on Thursdays at the IPMU Kashiwa
Campus: the IPMU particle physics and
astrophysics seminar (usually starts at
1:30 pm) and the IPMU mathematics
seminar (starts at 3:30 pm). All of
the seminars are held in English. We
also hold the IPMU Komaba seminars
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on Mathematical Physics in the
Mathematical Science Building at the
Komaba Campus, as well as frequent
seminars on other topics with no fixed
schedule.

——IPMU Seminars

Following is a list of seminars
that have been held since February
21, 2008 (as of June 13, 2008).
Information on the previous seminar
talks can be found in the previous
volume of the IPMU news. The
seminar schedule is frequently
updated on the IPMU homepage.
The contact addresses of seminar
organizers can also be found there.

1. “More visible effects on the hidden
sector”
Speaker: David Poland (UC Berkeley)
Date: 21 February 2008

2. “Testing supersymmetric neutrino
mass models at future collider
experiments’
Speaker: Werner Porod (Univ.
Wuerzburg)
Date: 22 February 2008

3. “Deformation of Brody curves and
mean dimension”
Speaker: Masaki Tsukamoto (Kyoto
Univ.)
Date: 27 February 2008

4. “KamLAND"
Speaker: Alexandre Kozlov (Tohoku
Univ.)
Date: 28 February 2008

5. “Hunting for the geometry of
supernova explosions by optical/NIR
observations”
Speaker: Keiichi Maeda (IPMU)
Date: 5 March 2008

6. “Cosmology from spinning branes”
Speaker: Damien A. Easson (Durham
Univ.)
Date: 14 March 2008

7. “Ensemble properties of cluster



galaxies and their redshift evolution”

Speaker: Yen-Ting Lin (Princeton
Univ.)
Date: 4 April 2008

8. “Cosmological unification of string
theories”
Speaker: Simeon Hellerman (IAS)
Date: 9 April 2008

9. “Astrophysical probe of new
physics: Cosmological dark matter
and anisotropy”
Speaker: Shin'ichiro Ando (Caltech)
Date: 11 April 2008

10. “Killing superalgebras in
supergravity”
Speaker: José M. Figueroa-O'Farril
(Univ. Edinburgh)
Date: 16 April 2008

11. “Integrable systems and
intersection theory on moduli
spaces of Riemann surfaces”
Speaker: Motohico Mulase (UC
Davis)
Date: 23 April 2008

12. “Direct and indirect search for
signals of the littlest Higgs model
with T-parity at colliders”
Speaker: Chuan-Ren Chen (IPMU)
Date: 23 April 2008

13. “Phases of N=2 theories in 1+1
dimensions with boundary”
Speaker: Kentaro Hori (Univ.
Toronto)
Date: 30 April 2008

14. “Limit stable objects on Calabi-Yau

3-folds”
Speaker: Yukinobu Toda (IPMU)
Date: 8 May 2008

15. “Cosmogenic neutrinos and the
HiRes experiment”
Speaker: Kai Martens (Univ. Utah)
Date: 12 May 2008

16. “Derived categories in
noncommutative geometry”
Speaker: Alexey Bondal (Univ.
Aberdeen)
Date: 14 May 2008

17. “Toric degenerations of Gelfand-

Cetlin systems and potential
functions”

Speaker: Kazushi Ueda (Osaka Univ.)
Date: 21 May 2008

18. “H3+ Liouville relation and its

applications”
Speaker: Yasuaki Hikida (KEK)
Date: 28 May 2008

19. “Higgs boson mass bounds in

the Standard Model with seesaw-
induced neutrino masses”
Speaker: Nobuchika Okada (KEK)
Date: 29 May 2008

20. “Quivers, brane tilings and

toric Calabi-Yau/Sasaki-Einstein
geometry”

Speaker: Masahito Yamazaki (Univ.
Tokyo)

Date: 29 May 2008

21. “On solutions to Walcher's

extended holomorphic anomaly
equation”

Speaker: Yukiko Konishi (Kyoto
Univ.)

Date 4 June 2008

22. “Phases of N=2 theories in 1+1

dimensions with boundary Part II”
Speaker: Kentaro Hori (Univ.
Toronto)

Date: 5 June 2008

23. “Indirect signatures of gravitino

dark matter”
Speaker: Alejandro Ibarra (DESY)
Date: 9 June 2008

24. “String compactification and the

landscape”
Speaker: Michael Douglas (Rutgers)
Date: 9 June 2008

25. “Balanced Kahler metrics and

physics”
Speaker: Michael Douglas (Rutgers)
Date: 10 June 2008

26. “The 5-year Wilkinson Microwave

Anisotropy Probe (WMAP)
observations: Cosmological
interpretation”

Speaker: Eiichiro Komatsu (Univ.
Texas)

Date: 11 June 2008

27. “Generic Newton polygons of
Ekedahl-Oort strata in the moduli
space of abelian varieties”
Speaker: Shushi Harashita (IPMU)
Date: 12 June 2008

28. “Hunting for primordial non-
gaussianity”
Speaker: Eiichiro Komatsu (Univ.
Texas)
Date: 13 June 2008

——IPMU Komaba Seminars

The following seminars have been
held since March 10 (as of June 13,
2008). The schedule can be found on
the IPMU homepage.

1. “Geometric analysis and their
applications in mathematics and
theoretical physics”

Speaker: Shing-Tung Yau (Harvard
Univ.)
Date: 10 March 2008

2. “Lecture: Homotopy theory (before
1970)

Speaker: Akihiro Tsuchiya (IPMU)
Date: 8, 15, 22 April, 13 May 2008

3. “Recursion relations in intersection
theory on the moduli spaces of
Riemann surfaces”

Speaker: Motohico Mulase (UC
Davis)
Date: 24 April 2008

4. “The hypoelliptic Laplacian”
Speaker: Jean-Michel Bismut (Univ.
Paris-Sud, Orsay)

Date: 12 May 2008

5. “A survey of Quillen metrics”
Speaker: Jean-Michel Bismut (Univ.
Paris-Sud, Orsay)

Date: 19 May 2008

6. “Intersection theory from duality
and replica”

Speaker: Shinobu Hikami (Univ.
Tokyo)
Date: 2 June 2008
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Seeing dark matter and dark
energy using gravitational
lensing phenomena

Masahiro Takada IPMU Associate Professor

The gravitational lensing phenomenon is the
deflection of light-rays emitted from distant galaxies
by intervening massive objects along the same

line of sight, which results from the warping of
spacetime around the lensing object as described by
Einstein’s general theory of relativity. Measuring the
gravitational lensing phenomena in the expanding
universe allows us to “see” originally invisible

objects, such as “dark matter” and “dark energy”.

ﬁﬁ,fﬁ*% & <
(‘éﬁ L}Z'Ofm) =2 (?ﬁ’)ﬁ"ﬂ)x(v'xl“f\f}')g'&)

A schematic illustration of gravitational lensing. The lensing strength in an
expanding universe (A) is sensitive to the geometry of the universe (B) as well
as the total matter of the lensing object (C); (A) = (B) X (C).
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