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Director's Corner

Dark Energy

Imagine you are a kid in the park, competing with
other kids on how high you can throw a ball. Your ball
is going straight up, the higher it goes, the slower it
becomes, because of the Earth’s gravitation pull. But
as you watch the ball, it suddenly starts picking up
speed, going faster and faster, and disappears from
sight. You scream, run home, until you can tell Mom
your story. And you find Mom doesn't believe you on
this one.

This is exactly what happened in 1998. Saul
Perlmutter, my colleague in Berkeley, tried to measure
precisely the way Universe has been slowing down as
it gets bigger. Sure enough, he found the Universe is
getting bigger. The expansion was slowing down for
about first seven billion years, but then it started to
pick up speed and now is getting faster and faster. He
screamed to the world about this discovery, so did his
competitors.

Scientists are naturally skeptical, and did not believe
this discovery right away. But later measurements
showed the same result. Not only that, this discovery
solved other mysteries of the Universe. For example,
we can determine the age of a star reliably. And many
of them were found to be older than the Universe!
But if the Universe is accelerating, its expansion was
slower in the past. Then it should have taken longer
than we thought to become as big as it is now, and
is indeed older than the oldest stars we've seen. With

the new discovery, things started to all make sense.

Director of IPMU
Hitoshi Murayama

But why is the Universe picking up speed? It
seems to gain energy from nowhere. As the Universe
expands, something is gaining energy and pushing
the expansion, a kind of anti-gravity. We call it
dark energy. We don’t know what it is, but believe
dark energy is whopping 73% of the energy in the
Universe.

Recently we hosted the godfather of dark energy,
Michael Turner from Chicago to present his views
on the nature of dark energy. He also talked to the
general public in the evening. It was extremely well
attend, especially for a talk given in English, thanks to
live and funny translations by Naoshi Sugiyama. Read
them talk about dark energy and IPMU in this issue.

It is now clear that gravity, which we all believed
to understand since Newton, is a new frontier. To
reveal the nature of dark energy, we need to figure
out how gravity, which governs large objects such as
the Universe itself, meshes together with quantum
mechanics, which governs small objects such as
electrons, neutrinos, and quarks. Hirosi Ooguri tells you
about the latest attempts in this big quest towards
the unified theory of elementary particles and the

Universe.

Director’s
Corner
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Gravity’s Holography

In Director’s Corner in the previous issue, Hiroshi
Murayama explained the notion of the unification
of forces in nature by invoking his personal story
about the fall of the Berlin wall. In this article, we
will expand on this topic and introduce superstring
theory, which is a candidate for the ultimate unified
theory of all the forces. We will also discuss the
holographic principle, which is an important feature

of quantum gravity.

Maxwell Theory and Discovery of
Electromagnetic Waves

In the late 19th century, J.C. Maxwell discovered
the unified description of electricity and magnetism
by a single set of equations. According to the
Maxwell equations, a change in an electric field
induces a magnetic field and vice versa. Maxwell
found a wave-like solution to the equations, in
which an electric field and a magnetic field induce
each other and the resulting wave propagates at the
speed of light. Maxwell’s theoretical prediction was
confirmed experimentally by H. Hertz 15 years later.
By the beginning of the 20th century, transatlantic
transmission became reality. Maxwell’s unification has

set the foundation of modern information technology.

Geometry of Space and Time

While the electromagnetic force is communicated

Principal Investigator leOSi Oogurl

Research Area: Theoretical Physics

by an electromagnetic field, the gravitational force
has a more profound origin in plasticity of space and
time. The Einstein equation describes how space
and time are warped by matter. Einstein predicted
a gravitational wave as a solution to his equation,
where ripples of space and time propagate at the
speed of light. 60 years later, R. Hulse and J. Taylor
discovered evidences that gravitational waves
are emitted by a binary pulsar. Several detectors,
including TAMA 300 in Japan, are currently in
operation to capture a gravitational wave directly.
Einstein’s theory of gravity is an indispensable tool
in our study of the Universe, but it also plays roles in
our everyday life. For example, the GPS navigation
device determines its location by receiving signals
from atomic clocks on satellites. However, since the
satellites are moving at high velocities and at high
altitudes, where Earth’s gravitational field is weak,
the atomic clocks run slightly faster by relativity
effects. The GPS would be useless unless such errors

are corrected by Einstein’s theory.

Renormalization

Quantum mechanics is the second pillar of
modern physics. Except for gravity, all known forces
in nature have been incorporated in quantum
mechanics. For example, the unification of Maxwell’s

theory of electromagnetism with quantum

4 IPMU News No.7 September 2009



Where has the information gone?
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Figure 1. The black hole information paradox

mechanics was attempted by W. Heisenberg and W.
Pauli and completed by the renormalization theory
of R. Feynman, J. Schwinger and S. Tomonaga.
According to the uncertainty principle of
Heisenberg, such familiar quantities as positions and
velocities of a particle fluctuate in the microscopic
world of quantum mechanics. If we try to combine
Maxwell’s theory with quantum mechanics, an
electromagnetic field would also fluctuate. Since the
field can vary in space and time, combining quantum
fluctuations at all locations leads to infinities in
computations. The renormalization provides a
way to remove the infinities and to make testable

predictions of quantum electromagnetism.

Paradoxes of Quantum Gravity

Similarly, an attempt to quantize Einstein’s theory
of gravity produces infinities, but these cannot
be removed by renormalization. Moreover, since
the gravitational force is a property of space and

time, quantizing gravity means that space and time

themselves must fluctuate. This has lead to various
paradoxes and posed challenges to physicists.

In 1974, S. Hawking showed that a black hole
generates heat by guantum mechanical effects
and may evaporate away. Based on this theoretical
result, he claimed that causal determinism must be
violated in quantum gravity. Determinism is one of
the most fundamental ideas in science, which states
that, if we know everything that is happening now,
the past and future are completely determined by
fundamental laws of nature.

Let us consider throwing a book in a black hole,
as shown in Figure 1. The black hole would gain
weight by absorbing the book, but the effect would
radiate away. According to Hawking's computation,
throwing in a different book with the same weight
would produce exactly the same radiation. If we
cannot tell the book by measuring the resulting
radiation, we would have lost the information on
the past, contradicting determinism. This is the black

hole information paradox [1].

Feature



Superstring Theory

The unification of quantum mechanics and
general relativity has been an outstanding problem
in theoretical physics, and various attempts have
been made to find its solution. Among them, the
only known theory that is consistent and has any
hope of reproducing a realistic model of elementary
particles is superstring theory. It solves the problem
of infinities by postulating that fundamental building
blocks of matter are strings rather than particles.

The strings vibrate like violin strings, and each
vibration mode corresponds to an elementary
particle. T. Yoneya, while still a graduate student,
discovered that one of such modes mediates the
gravitational force. J. Scherk and J. Schwarz, who
made the same discovery independently, proposed
to use superstring theory to construct the ultimate
unified theory of all forces.

However, superstring theory remained on the
sideline for about 10 years since then. One of
the reasons was that it was not known how to
incorporate “parity violation,” which is an essential
property of elementary particles. It seems that
everything we experience can also happen if it is
reflected on a mirror, but this reflection symmetry
called “parity” is violated in the world of elementary
particles. Nevertheless, Schwarz continued to study
the theory almost by himself for the 10 years, and

discovered with M. Green a remarkable mechanism
to incorporate parity violation in superstring theory,
opening a way to construct a unified theory using

superstring theory.

Holographic Principle

After 25 years since the breakthrough by Green
and Schwarz, superstring theory has made great
progress. Here we will discuss the holographic
principle, which is one of its surprising outcomes.

In quantum mechanics, there is a notion of wave-
particle duality. For example, an electromagnetic
wave is a wave-like solution to the Maxwell
equations. However, if we apply quantum mechanics,
the electromagnetic wave becomes a particle called
the photon. The electron, which we think of as a
particle, is also a wave obeying the Schrodinger
equation. In the early history of quantum mechanics,
there were debates on whether the electron is
a particle or a wave. Nowadays, we view that
the two properties are not contradictory but are
complementary aspects of the whole picture.

Take a look at Rubin’s vase in Figure 2. If we pay
attention to the white area, we see a vase. On the
other hand, the black area seems to indicate that
there are two people facing each other. We cannot
say that which interpretation is correct. This is

another example of duality.

6 IPMU News No.7 September 2009



Figure 2. Rubin’s vase

The holographic principle is yet another example
of duality. Holography is a term in optics, which
means encoding geometric data of a 3-dimensional
object on a 2-dimensional surface so that the
3-dimensional image can be reconstructed later. In
superstring theory, all the phenomena in quantum
gravity can be projected onto a screen located at
boundaries of space, and they can be described
using a quantum theory without gravity defined on
the screen. Borrowing the terminology of optics,
this idea is called gravity’s holography.

By using the holographic principle it has become
possible to solve deepest puzzles of quantum gravity
such as Hawking's paradox by translating them into

problems in ordinary quantum mechanics without

gravity. This has led to major progress toward
constructing a unified theory with gravity.

Conversely, it has also become possible to translate
difficult problems in quantum mechanics into the
language of quantum gravity and solve them by
using geometric methods. This has broadened
applications of superstring theory, providing new
perspectives to a variety of problems ranging from
hadron physics and theomodynamical properties
of quark-gluon plasma to strongly correlated
phenomena in condensed matter physics such as
guantum criticality and quantum fluids. There is even
a hope of understanding the mechanism of high
temperature superconductivity using superstring
theory [2].

Superstring theory is a candidate for the ultimate
unified theory. It is also a theoretical tool to solve
a variety of problems in physics beyond the scope
of elementary particle physics. These two aspects
are related by the duality called the holographic
principle. At IPMU, we are pursuing both of these
two directions by involving a wide range of scientists
from pure mathematicians to condensed matter

physicists.

References:

[11 H. Ooguri, Black Holes and the Fate of Determinism, a talk at the Caltech
Alumni Day, http://today.caltech.edu/theater/29930_56k.ram

[2] S. Hartnoll, Lectures on holographic methods for condensed matter
physics, arXiv:0903.3246
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Alexey Bondal

Principal Investigator

Some non-mathematicians tend to view
mathematics merely as a collection of technical tools
to use whenever these tools are applicable to their
work. Some mathematicians have a similar point of
view regarding homological algebra and algebraic
geometry, one of the most technical areas of
mathematics. This restrictive approach often fails for
both mathematics and these particular areas of it. As
experience shows, one has to use the very ideology
of the theory and not just concrete results in order to
get real insight when applying homological algebra
and algebraic geometry to his/her research.

Nowadays, these areas, which are my primary
subjects of research, have an enormous influence on
various areas in mathematics, mathematical physics,
and string theory. | have developed an approach
to noncommutative geometry by means of derived
categories, an advanced technigue in homological
algebra. Derived categories, which first emerged as a
very abstract mathematical tool, are now considered
to be the most powerful method for describing
D-branes of topological field theories in physics.

In addition to applications, one has to continually

Research Area: Mathematics

develop the basics of homological algebra and

its applications to algebraic geometry, in order to
mathematically understand various proposals by
physicists aimed at describing the structural evidence
of our world. Among my results is the discovery

of homological relation between geometry of

some algebraic varieties and representation theory,
reconstruction of algebraic varieties from their
derived categories, a homological interpretation of
the Minimal Model Program in birational geometry,
introduction of Serre functor and invariants of
derived categories based on it, construction of
enhancements of triangulated categories, the
discovery of the action of the braid group on the set
of exceptional collections - particular kind of bases in
triangulated categories.
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Paul H. Frampton

IPMU Professor

My research interests in theoretical physics include
particle phenomenology, theoretical cosmology and
string theory. | have worked mostly in particle theory
model building beyond the standard model with
predictions of new particles such as the axigluon
in the chiral color model and the bilepton in the
331 model. Both are examples of additional gauge
bosons.

While awaiting the LHC at CERN | have become
active in cosmology questions. Cyclic cosmology
based on dark energy can avoid the initial singularity
associated with the big bang. | have identified all
dark matter as intermediate-mass black holes which
is fully consistent with all observations. Both of these
projects rely on consideration of the entropy of the

universe.
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A get-together of IPMU volunteers with IPMU scientists and administrative staff

Research Area: Theoretical Physics
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| have been fascinated by string theory ever since
its earliest days. | was a postdoc of the Japanese
theorist Nambu when he invented it!

Our Team



Alex Bene

Postdoc

Research Area: Mathematics

In my research, | study Riemann surfaces, their
moduli spaces, and their mapping class groups.
The main tool | employ is a type of Feynman
diagrams called a fatgraph which essentially gives
a combinatorial representative of such surfaces.
With this combinatorial perspective, one can use
QFT techniques to study the cohomological aspects
of moduli of Riemann surfaces and mapping class
groups. More recently, | have used this combinatorial
approach to study representations of mapping class

Alexander Getmanenko

Postdoc

My research is on the Schrédinger equation in
the complex domain, semiclassical approximation,
and “resurgent analysis” linking perturbative
and non-perturbative asymptotics. Among other
guantum tunneling problems treated by these
techniques, | study the Witten Laplacian whose
eigenfunctions are expected to contain information
about pseudoholomorphic discs in the symplectic

Minxin Huang

Postdoc

Research Area: Theoretical Physics

My research explores various aspects of the AdS/
CFT correspondence, including giant gravitons and
pp-waves. | also study topological string theory.
Topological string theory counts the number of
holomorphic curves in Calabi-Yau space, a problem
of great interest in the mathematics of algebraic
geometry. Finally, | am interested in the applications
of string theory to cosmology and particle physics.
Some of my recent works with collaborators study

groups, the classical Johnson homomorphisms, and
finite type invariants of 3-manifolds. This last topic is
interesting as it has a different QFT interpretations,
and many of these finite type invariants also can be
described in terms of similar Feynman diagrams.

Research Area: Theoretical Physics

L

formulation of the string theory. | am excited to
come to Japan with its tradition of complex-analytic
methods for differential equations.

i

the non-Gaussian feature in the anisotropy of the
Cosmic Microwave Background (CMB) in various
inflationary models inspired by string theory
constructions.
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Daniel Krefl

Postdoc

Research Area: Theoretical Physics

Lately, my work has been mainly concerned

with extending the topological string machinery to
orientifolds, that is, a combined gauging of world-
sheet parity and a target-space involution. Besides
the physical importance of orientifolds in superstring
theories, this also leads to some new mathematics.
This is because, roughly speaking, the free-energy of
the orientifolded topological string is the generating
function of maps from the world-sheet to target-

Yogesh Kumar Srivastava

Postdoc

Black Holes provide an intriguing arena in which
to explore the challenges posed by the interplay of
general relativity and quantum mechanics. String
Theory has successfully explained Bekenstein-
Hawking entropy in terms of statistical degeneracy
associated with different brane configurations. Initial
comparisons were made using only the Einstein-
Hilbert action (i.e., neglecting higher derivative and
guantum corrections in the string effective action) on

Matthew Carl Sudano

Postdoc

Despite the phenomenal success of modern
particle physics, we know that our understanding is
incomplete, and there is reason to believe that we
may soon have hard evidence of new physics! | have
been studying supersymmetry, a form of new physics
that may alleviate some of the unattractive features
of the standard model. In particular, | have worked on
both the high-energy problem of realizing calculable

Research Area: Theoretical Physics

Research Area: Theoretical Physics

space, where the world-sheet may now possess
boundaries and cross-caps, thus, giving a physical
count of some new invariants of the target-space.

the macroscopic side and considering large charge
limit on the microscopic side. Recently, | have been
interested in extending the agreement to include the
corrections. | am also working on constructing actual
microstates for string theoretic black holes.

dynamical supersymmetry breaking and the low-
energy problem of generalizing the parameterization
of its effects.

Our Team



IPMU Interview

with Michael S. Turner

Interviewer: Naoshi Sugiyama

Godfather of dark energy

Sugiyama: Welcome to
IPMU. You are known as the
godfather of dark energy, and
the person who invented the
term. How did
you come to this
name?
Turner: Names
have to be short
and catchy; they
have to be accurate to
some degree, but not too
accurate so as to make them
boring.
Sugiyama: “Black hole” would
be a good example then, is that
right?
Turner: “Black hole” is a great
example.
Sugiyama: Black holes used to
be called “collapsers” and other
names:-- | think the name came
from John Wheeler.

Michael S. Turner is Bruce V. &

Diana M. Rauner Distinguished
Service Professor, Departments of
Astronomy and Astrophysics, and
Physics, and the College; Enrico
Fermi Institute; Kavli Institute for
Cosmological Physics (KICP), at the
University of Chicago. He is a world-
renowned cosmologist, and was
awarded Helen B. Warner Prize of
the American Astronomical Society
in 1984 and Julius Edgar Lilienfeld
Prize of the American Physical
Society in 1997. He was the Assistant
Director for Mathematical and
Physical Sciences for the US National
Science Foundation in 2003 - 2006.

Turner: Yes, black hole is
definitely catchy, and it is pretty
accurate. | hope dark energy
does as well. First of all, it’s the
perfect mate to dark matter.

In relativity anything that has

a pressure comparable with its
energy density is called energy-
like, and anything that has very
small pressure is called matter-
like. This stuff is more like
energy rather than like matter,
in the sense that pressure is
comparable to energy density.
Sugiyama: Well, the sign is
different and it breaks its energy
condition.™’

Turner: A Good name can't

be too accurate, because if

you make it really accurate,

the name gets longer and
longer and fewer people will
understand that. So “black
hole” is great: it's not inaccurate,
and it is very catchy. | hope
dark energy is viewed the same
way.

Sugiyama: OK. What are your
impressions of IPMU?

Turner: | think IPMU is a very
timely idea. There is a lot of
energy here and it's attracting a
lot of people from all over the

*1: Here, the "energy condition"
means the "strong energy condition”
which requires that a sum of the
energy density and 3 times the
pressure of (a fluid of) normal matter
or radiation should be positive.

IPMU News No.7 September 2009



world. | think IPMU will have
not only big effect in Japan, but
it will have a big effect beyond
Japan. Because science today is
so international, something that
happens in Japan is not only
going to change Japan, but it
is also going to change the rest
of the world. | am very excited
about IPMU.

Sugiyama: The main purpose
of IPMU is to act as a bridge
among mathematicians,
physicists, astronomers, and
astrophysicists, and to help
reveal the secrets of the
universe. | am just wondering

if you started your career

as a particle physicist or an
astrophysicist.

Turner: My career began

in particle physics. | was a
student at the Stanford Linear
Accelerator Center (SLAC),

and then | got interested in
general relativity. | did my
thesis in general relativity, on
gravitational waves. Then, |
moved on to Chicago, and

| fell under the influence

of Dave Schramm.”” He

said: “Astrophysics is good,
Cosmology is good, Particle
Physics is good; all three
together is even better!” | was
in the right place at the right
time and most importantly,
had the right mentor — David
Schramm.

*2: A famous cosmologist worked
at the University of Chicago. His
research connected cosmology,
particle theory, and nuclear physics.
He was born in 1945 and died
tragically in 1997 in a crash of a
plane he was piloting.

% 3: Professor Emeritus at Stanford
University. He is known for his
research on strong sources of gravity
such as neutron stars and black
holes, and on gravitational waves.

Sugiyama: That's right. | am
curious about that period

in the 1980’s. | imagine it as
something like a golden age of
particle cosmology.

Turner: No, | don't think it was
the golden age. | think it was
the very beginning of what
may become a Golden Age. It
was the first coming together
of two fields. At the time there
were different views of how
successful this coming together
of the very big and the very
small would be. Dave Schramm
was very enthusiastic about
bringing particle physics and
cosmology together. My adviser
at Stanford, Bob Wagoner,*
who wrote the first computer
code to study “Big Bang
Nucleosynthesis,” which is one
of the pillars of early universe
cosmology, was unenthusiastic
about it. His advice to me

was: ‘Do something safer, like
gravitational waves.”
Sugiyama: That's safer than

particle cosmology -

Go-go junk bond days of
early universe cosmology

Turner: At the beginning of
anything new and different,
it's not clear if it is going to
pan out. In the 1980’s it was
basically a bunch of wild
and very bold speculations,
that if correct, would change
forever both fields. However,
it wasn't obvious that those
wild speculations could ever
be tested or further would
turn out to be true. The 1980’s

Naoshi Sugiyama is a principal
investigator of IPMU. He is also
professor of physics at the School of
Science, Nagoya University.

Interview



were the go-go junk bond days
of early universe cosmology.
Anything went, and there

were lots of very ambitious
ideas — cosmic strings, textures,
phase transition, monopoles,
monopoles on strings, Kaluza-
Klein, and axion. The two most
important ideas were particle
dark matter and inflation. These
two ideas really caught on and
helped drive the entire field

of cosmology. They led to a
framework for discussing the
evolution of structure, known
now as cold dark matter, which
made specific predictions which
could be tested. The observers
have paid cold dark matter the
highest compliment they can,
which is to try to rule it out!
Sugiyama: But they didn’t
succeed-

Turner: Well, they did. They
kept ruling it out, but CDM
kept wiggling out. Finally, we
have a version — CDM with
dark energy or Lambda CDM™
—which fits all the data. The
challenge now is to figure out
what dark energy is, and to

see if the theory continues to
fit the data as the data gets
better and better. | am not sure
what would have happened,

if data didn’t start to come in
the 1990's. | am certain that we
would not be on the verge of a
golden age if the observations

*4: Lambda (A) means the
cosmological constant which Einstein
introduced to his equation of gravity.
*5: Professor at Oxford University.
He is known for his research on
cosmology, galaxy formation, dark
matter, and so on.

* 6: Professor at the University of
California, Berkeley. He is known for
his pioneering observations of the
large-scale structure of the universe
as well as numerical simulations for
its formation.

had not come in the 1990s.
People would have gotten tired
of speculations.

Sugiyama: What are the key
observations of this golden
age: Sloan-like surveys, cosmic
microwave background (CMB),
or supernovae?

Turner: There are all kinds of
observations. What really makes
this a special time is the sheer
number: large-scale structure,
microwave background, the
high red-shift universe, dark
energy studies, dark matter
experiments, the LHC, and you
put them all together and the
whole is even greater than the
sum of the parts. And what all
of these observations have in
common, is that they all can test
inflation and cold dark matter,
the two big ideas that came
out of 1980’s. If you go back to
1980, the idea that you would
ever measure the curvature

of the universe seemed very
remote. People were focusing
on measuring the actual matter
density. It's very hard to do; you
really need a big, big sample of
the universe here.

Sugiyama: That's right, using
the number count of galaxies,
things like that---

Turner: When you were at
Berkeley, you might remember
that Q (density parameter of
the universe) climbed almost to
one, and then it started sinking,
finally arriving at about 0.3.
Sugiyama: Right, | remember
that one day in 1994, | think,
we had a debate at a seminar
at the end of the semester. Joe
Silk™* and Marc Davis™°..
Turner: Flipped the coin to
decide who got which side —

the issue was completely up in
the air.

Sugiyama: Yes, they flipped a
coin. One took the flat Q=1
universe; the other had to argue
for a low-density universe. That
was really spectacular--- But
now, this fun has been denied
us because all data points to
the universe being low density,
but flat, since we also have an
unexpected player in the game
in the form of dark energy.
Turner: Dark energy is such

a wonderful story; the story
began in 1980; those of us
who believed in inflation said
very carefully that it doesn’t
mean Qe = 1. It means you
have a flat universe. But we
were pinning our hopes on
particle dark matter, because
we already knew that if we
will have enough matter to
make the universe flat, that
wasn't baryons, instead it had
to be particle dark matter. That
was already pretty exotic. And
then, during the 1980's the
measurements of Q... went
up, getting close to one and
then falling down, and it looked
in the late 1990's that the
inflation was really on the ropes
because Qe Was falling
short of 1. As a last desperate
try, we suggested that it was
something like a cosmological
constant.

Sugiyama: Right, but that may
be the last thing to introduce- -

Discovery of accelerating
universe changed cosmology
over night

Turner: If you look at
cosmology around 1997, it was
not clear where things were

IPMU News No.7 September 2009

going to go, because you had
that idea of inflation and dark
matter and they worked pretty
well if you took Qe = 0.3,
but inflation really insists Q is
one. It looked like it was not
going to be a happy ending.
Then in 1998 the discovery that
the universe was accelerating
changed it all, essentially over
night.

Sugiyama: Is that supernovae
data?™’

Turner: Yes.

Sugiyama: They even reached
the wrong conclusion in the
first paper, if | remember
correctly.

Turner: It is true that the first
ten supernovae or so did not
show signs that the universe
is accelerating. And even the
original discovery data from
1998 is not very strong. But
instantaneously everybody
said: “Aha, we have a solution.
We have a universe with dark
matter and dark energy and
it's accelerating, because the
accelerating universe and dark
energy made everything fit
together.” Over the past ten
years the evidence has become
rock solid.

Sugiyama: Two years later,
Boomerang CMB also proved
that the geometry of the
universe is flat. That is really a
triumph.

Turner: Yes, 2000 was a very
important year and Boomerang
really settled the issue of

% 7: Observations of the distances
and redshifts of distant galaxies
reveal if the rate of the cosmic
expansion at that time was faster or
slower than the present rate. This in
turn tells if the cosmic expansion is
decelerating or accelerating.



flatness. But 1998 was the
watershed year. | will give you
an example why. In April 1998,
Dave Schramm was supposed
to debate with Jim Peebles™® on
whether the universe was flat
and this time there wasn't going
to be a coin flip. Schramm

had flat and Peebles had non-
flat. You know Dave Schramm
died in December of 1997. The
whole fall before his death he
was worried about his debate
with Peebles and the only thing

*8: A pioneer in Big Bang
cosmology. He contributed to the
discovery of cosmic microwave
background radiation by theoretically
predicting that it is detectable. He
also contributed to the theory of
structure formation through the first
detailed calculations of the formation
process of hydrogen atoms. Now he
is Professor Emeritus at Princeton
University.

he could see that would make
a winning case for flat universe
was /A (cosmological constant).
Dave kept coming to my office
saying: “Any supernovae results
yet?” So | think in December
Dave thought that Peebles
would win the debate because
the supernova data had not yet
been reported. Only weeks after
his tragic death, the supernovae
results were announced. | was
asked to fill in for Dave and the
debate organizers said: “You
know, Jim is not really sure
about what the debate topic
is." I said: “I think | know what it
was supposed to be: flat versus
non-flat” 1 spoke with Jim and
he said: “Yes, indeed, flat vs.
not-flat is the debate topic, but
I am not willing to debate not-

flat anymore™ The discovery of
cosmic acceleration changed it
all, almost overnight.
Sugiyama: Because after the
data---

Turner: Well, the supernovae
data was not decisive and you
could have argued against

it. But you could see the
handwriting on the wall: As
crazy as the whole picture was,
at last everything fit in together.
Sugiyama: So right now with
cold dark matter, flat geometry,
and dark energy working pretty
well for every single bit of data,
is there no compelling reason to
think about any other possibility
or still we should explore
alternatives?

Turner: Well, it depends on
who you are. If you are what

Public lecture by Michael Turner (see p. 19)

I would call an astrophysical
cosmologist, somebody who

is interested in reconstructing
the history of the universe, then
I think you would be pretty
happy with the model you just
described, because we know
whatever the dark energy is, it
is very similar to cosmological
constant vacuum energy and for
the purposes of understanding
how the universe evolves to
form structure, you know the
basic cosmological model well
enough for this purpose. But

if you are what | would call a
fundamental cosmologist and
you are very interested in the
fundamental features of the
universe and how they came
about you would want to know
more.

Interview



Public lecture by Michael Turner (see p. 19)

Sugiyama: “What is dark
matter, what is dark energy?”
Turner: Yes, coming back to the
dark matter, again, if you are
an astrophysical cosmologist, |
don't think you really care if it is
an axion or neutralino. The key
thing is that it's very cold. If you
are a fundamental cosmologist,
then even though the dark
energy seems to behave just
like a cosmological constant,

if there is even 1% difference,
that's a very big deal. And
likewise with the dark matter,
to a fundamental cosmologist
the difference between an
axion and neutralino is a very
big deal. So, astrophysical
cosmologists know enough
about the fundamental model;
they can do what | think is
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extraordinarily interesting, to
reconstruct the history of how
we got here, the first stars, first
galaxies. But in the terms of
fundamental cosmology and
the birth of the universe, we are
just scratching the surface.
Sugiyama: OK. So | guess you
maybe belong more to the
fundamentalists. | have another
question for you: If dark energy
is coming from the Planckian
era, it is quite unlikely that we
would have such small dark
energy in the present day. It's
not natural. So, we need an
appropriate explanation for
that. What is your explanation?

To be a great theorist you
need big problems to solve

Turner: The scale of the dark

energy — more than 30 orders-
of-magnitude below the
Planck scale seems to suggest
that it has nothing to do with
Planckian physics. That being
said, we don't have a clue what
it does have to do with! | think
today’s session really illustrated
this: theorists are without good
ideas about what the dark
energy is. They have plenty of
ideas, but none of them are
compelling — they are mostly
ad hoc and don’t shed light
on anything else. But, | think
what is so wonderful about
this problem is that it is a big
one. It's really big one, and the
solution is not at all obvious.
Sugiyama: So we have to

be very happy as theorists or
researchers that we can tackle
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such a big problem.

Turner: | think you are right.

If it's an exciting time, you

not only need data and

smart people, but you need
big problems. You know, Bill
Clinton, our 42nd President, had
enormous political skills, but he
was President at a time when
there were no big problems to
solve.

Sugiyama: The new president
has many problems to solve-
major problems.

Turner: | think Bill Clinton is
very envious of Barack Obama
for just that reason. To be

a great theorist (or a great
president) you have to live

at a time when there are big
problems to solve. But when
the problems are really great,
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there is no guarantee that it will
be solved in your time window.
Dark energy might be solved in
5 years, 10 years, or it may take
a hundred years.

Sugiyama: Thinking about dark
matter, Zwicky** found dark
matter in the 1930’s; we still
don’t know what it is. The same
thing might happen with dark
energy.

Turner: That's very true.

Zwicky was the most creative
astrophysicist of his time, and

*9: A famous astronomer (1898-
1974) worked at California Institute
of Technology. He is known for
many brilliant achievements; for
example, extensive observations
focusing on the relation between
supernovae and neutron stars,
finding the method to determine
the distance to far-off galaxies by
using supernovae, and the discovery
of the existence of dark matter.
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he speculated about what

dark matter was — neutron
stars, white dwarfs, black holes.
Nowhere on his list was a new
particle of nature. It looks like
we are just about to solve the
dark matter puzzle; so that
would eighty years or so. Let’s
hope that dark energy doesn’t
take as long! And you never
know, the solution could be just
around the corner.

Sugiyama: What is our next
major task? Dark energy is
extremely difficult and dark
matter is almost there. We have
a flood of data coming. What
are your thoughts on the future
of cosmology?

Turner: | would even say right
now that we live in extremely
exciting times, where theory
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One of the slides shown by Michael Turner at his public lecture

and observation have come
together. And | think the next
10 to 15 years will determine
whether or not this is a golden
age in the following sense: we
have some very powerful ideas,
we have fantastic instruments,
and whether or not this will be
considered golden age will turn
on “Did we solve some of the
big problems? For example, did
we figure out what dark matter
is?; did we figure out how

the universe began?; did we
figure out dark energy?; did we
figure out the origin of ordinary
matter, baryogenesis?; did we
finish the story of the formation
of stars and galaxy?”
Sugiyama: It sounds like a
major leap to new knowledge,
a new understanding of the

universe:--

Turner: What's really exciting

is that one of the founding
principles of the IPMU is; it's
not just the astronomy, it's not
just particle physics, it's not just
mathematics. They are all tied
together and so a jump in any
one of them, will likely be a
jump in all three together.
Sugiyama: Please come back
again to IPMU to see what
happens:+-

Turner: | certainly want to come
back. You and your colleagues
created something very special.
And I look forward to watching
how IPMU changes science
around the world.

Sugiyama: Thank you very
much.

Interview



Workshop Report

IPMU International Conference

Dark Energy: “Lighting up the Darkness!”

Naoshi Sugiyama

Principal Investigator

Masahiro Takada

IPMU Associate Professor

Eiichiro Komatsu

IPMU Visiting Scientist / Associate Professor, The University of Texas at Austin

Yen-Ting Lin

IPMU Postdoctoral Fellow

Dark energy is one of the most important and
profound problems in modern cosmology and
physics. Just ten years ago, based on observations
of distant type-la supernovae, two independent
groups reported a very shocking discovery: the
universe today is in an accelerating expansion phase.
According to Einstein’s theory of gravity, cosmic
acceleration implies that the universe is occupied
by a mysterious energy component known as dark
energy, which continues to emerge in space as
the universe expands and acts as a repulsive force,
pulling galaxies further apart from each other. The
nature of dark energy will determine the ultimate
fate of our universe. It might continue to expand
eternally, or it could begin to contract at some point
in the future. Another possible alternative is the so-
called Big Rip, in which all matter in the universe,
including stars, galaxies, and atoms, are progressively
torn apart at a certain point in the future. Even Nobel
laureate and renowned particle physics theorist
Frank Wilczek (MIT) called the dark energy problem
as “maybe the most fundamentally mysterious

thing in basic science.” As an entirely different

explanation of cosmic acceleration, in recent years
many cosmologists have also argued that cosmic
acceleration may be a sign that Einstein’s gravity
theory breaks down on cosmological distance scales.
Cosmological observations are needed to explore
the nature of dark energy (or more precisely the
nature of cosmic acceleration). For this purpose
massive surveys of the universe are being planned
all over the world. One such survey is the Subaru
Telescope Survey slated to get underway in 2011
with a new wide-field camera. IPMU will be
involved in this research. Several promising ways
of approaching dark energy are being seriously
studied: cosmic microwave background, supernovae,
baryonic acoustic oscillation measured via the
clustering statistics of galaxy distribution, weak
shearing effects on distant galaxies, and the counting
statistics of galaxy clusters. Hence, the primary
tasks of each of these methods are currently (1)
developing a theoretical modeling of the dark energy
measurement methods that is accurate enough for
the desired precision of dark energy measurement,

and (2) understanding sources of systematic errors
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involved in each method.

Against this research background, this international
conference was put together. It brought together
many prominent scientists from all over the world as
invited speakers, for a five-day conference consisting
of invited and contributed presentations (41 in total).
Starting with an opening review by Prof. Michael
Turner (Chicago), the conference continued with
sessions covering a broad range of topics: dark
energy measurement methods, recent developments
in theoretical studies of dark energy, and the
potential for modified gravity on cosmological scales.

Each session started with a talk by an invited speaker,

which was followed by contributions selected from
registered presentations, each of which stimulated
active discussion among the participants. We
also had 24 poster presentations. We received a
great deal of positive feedback on the conference
from many of the 134 participants in total, which
included 55 foreign participants. In short, this IPMU
international conference was a success.

On the middle day of the conference, the

organizers arranged for the IPMU public lecture
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given by Prof. Michael Turner. Even though this was
the first English-language public lecture hosted by
IPMU, the conference room was filled to capacity
with more than 160 people attending. It seems that
Michael’s talk was quite accessible to most of the
audience thanks to the help of a presentation file
translated into Japanese as well as brief summaries
made by one of the organizers, Naoshi Sugiyama,
during the talk. For example, Michael’s jokes often
sparked a ripple of laughter from the audience. Also
Michael received a significant number of questions
after his talk, taking us past the scheduled ending. All
this is evidence that the public lecture proved even
more successful than anticipated by the organizers.
The organizers would like to thank to all
participants for contributing to the success of this
conference. We very much hope to hold another
conference in a few years to discuss our progress
(or perhaps resolution!) of the dark energy problem.  wowkshop
Finally we would like to thank the administrative staff
for supporting the organization and operation of the

conference.



Round Table Talk:

Lisa Randall with Hitoshi Murayama and Hirosi Ooguri

Hitoshi Murayama
Director of IPMU

Hirosi Ooguri
Principal Investigator of IPMU

Lisa Randall
Professor of Harvard University

Warped Extra-Dimensions sold well
in Japan

Ooguri: You have already been to
Japan a couple of times and your
book, Warped Passages,”" which

has been translated into Japanese,
has sold quite well. We saw it on
prominent display in great numbers in
a bookstore.

Randall: Before my book even

came out, my interview with the
astronaut, Koichi Wakata, was shown
on television and that interview was
turned into a little book.” So when
my book came out, it had already
been widely promoted. | was very
impressed by how interested Japanese
people were in science.

Murayama: | think | told you before
that your book saved me once. Soon
after | was appointed as a director of
IPMU there were “who is this guy?”
kind of discussions in the blogosphere,
and then somebody pointed out that
by looking up your book, my name
could be found in it. So, it was like,
“OK, well at least this guy isn't crazy

*1: Warped Passages: Unraveling the Mysteries
of the Universe's Hidden Dimensions (Allen Lane
at Penguin, June 2005, ECCO Press at Harper
Collins, Sept 2005). Japanese version published by
Japan Broadcast Publishing Co, Ltd, Tokyo, June
2007.

*2: Extra Dimensions Exist (in Japanese), Lisa
Randall and Koichi Wakata, Japan Broadcast
Publishing Co, Ltd. Tokyo, May 2007.
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or anything.”

Ooguri: That is a great credential.
Randall: It is excellent. | was very
impressed. | mean, | think everyone
here in Japan handled things really
well and they were great.

Ooguri: Do you have an impression

of how Japan is doing in basic science,

specifically in the particle physics
area?

Randall: | think Japan is doing
extremely well, especially with a new
institution like IPMU. It is actually

a big deal to get so much activity
going on there. Moreover, they have
many good experimental programs
in progress, particularly in keeping
up with international competition in
neutrino and B physics, and of course
in string theory as well. What do you
think, Hitoshi?

Murayama: First of all, you should
definitely come and visit IPMU; we
are really hoping you will accept

our invitation. Right now, this World
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Premier International Research Center
Program is focusing strongly on having
an institute in Japan, which is really
international. We have just achieved a
milestone in having more than half of
the members being non-Japanese.
Randall: So how are the Japanese
taking that? My first impression when
| arrived in Japan was that everyone
is Japanese. How is it working out in
such an environment?

Murayama: When IPMU was
launched, there was sort of a
misunderstanding that this would
provide new job opportunities for
many young Japanese researchers.
The people who were under that
impression were obviously a little
disappointed because there were

not that many job opportunities for
Japanese applicants. But at the same
time, Japanese researchers were
excited about the opportunity to
interact with so many researchers
from outside of Japan.



It is very good to get all the cross-
talk

Randall: That makes a lot of sense.
Obviously, it is very good to get all the
cross-talk. And even when you are in
Japan, it is interesting that you tell the
difference between Japanese who
have been abroad, and Japanese who
haven't.

Murayama: That is interesting. What
is the difference?

Randall: The interaction style is
somewhat different. As you know,
our style of interaction is a little bit
different. We tend to interrupt-- things
like this,--be a little bit more free form.
It is not as respectful or observant of
hierarchy:--

Murayama: | do not want that to
happen; so one of the really big things
about IPMU is that we arrange our
organizations to be flat; there is no
hierarchy; everyone is pretty much on
an equal footing:+-

Randall: Really? That is a big change.
Murayama: Yes, it is a big change in
Japanese culture.

Randall: Is that working?

Murayama: It is working quite well

so far. One of the things which most
people pointed out to me at the
beginning was that now that we

have mathematicians and theoretical
physicists, experimental physicists and
astronomers under the same roof, the
traditional thinking would be to create
four departments, each of them
headed by some senior person and
having its own hierarchy. | said no, that
would create just the same thing over
again, so we do not want to do this.
So, there is no department, everybody
is in the same group, and we discuss
all the hiring jointly and there is no
real distinction between a senior
professor and a junior professor. So
that is the way it is organized. And all
of the postdocs that we have hired so

far look very happy. There is a German
and Italian couple and they have a
blog™ on the web. You can see that
they have been enjoying life in Japan
and see it as an adventure.

Randall: So this blog is a kind of
access tower: -

Ooguri: Actually this blog helps us

in recruiting new researchers from
abroad. They can be rather anxious
about moving to Japan and the blog
gives a firsthand account of how this
couple was able to find an apartment,
open a bank account, and so on.
Randall: My impression from my visits
to Japan was that the people are
extremely helpful and communicate
with people very kindly. They are very
respectful to visitors.

Ooguri: Well, there are of course
linguistic barriers and also differences
in custom. When Hitoshi gave a
public lecture at Kashiwa, where
IPMU is located, in Chiba prefecture,
he solicited volunteers to help. Many
people who were fluent in English
signed up to help scientists from
abroad get settled in Japan.
Murayama: If you imagine, for
example, yourself getting appointed
for a position in Japan, what would
you see as a difficulty — a sort of
mental block, psychological barrier,
logistical issue? We have to keep
working on those things. So maybe
you have good suggestions:
Randall: I guess taking a few people
together is always a good idea so
that it is not just one person in an
isolated environment. And having

a couple of conferences along the
way so people have some center of
activity, just to stimulate things, just to
get certain things started in particular
research areas. | guess having other
people there and, of course, having

*3: http//chipango.wordpress.com/

some resources. Traveling obviously

is complicated and it would be
important to be able to travel on

a regular basis, so they do not feel

too isolated. Aside from what | have
mentioned, what did you think are the
important issues?

Murayama: One of the things is just
the psychological aspect. Just going
to a different country is already a

little scary, and also the common

fear is that once somebody from the
USA moves to Japan, there is the fear
that that person may not be able to
come back to the US later on, losing
exposure and stuff like that. So we
are putting a lot of emphasis on the
fact that we actually force each one
of them to spend at least 1T month
every year outside Japan, so they are
not allowed to stay the entire year in
Japan. So we are strongly encouraging
people to spend time abroad and get
themselves exposed, and also at the
same time get IPMU itself exposed.
We are also allowing them to be away
up to 3 months. So that seems to
diffuse the fear among many of the
candidates.

Now switching gears a little bit.
What are you excited about lately
about science, particle physics,
cosmology---?

Recently, | have been interested in
dark matter

Randall: Recently, | have been more
interested in dark matter because
there is a lot that just has not been
thought out. Also, as you know, there
are a lot of experiments that indicate
dark matter. We seem to be coming
to the point where we are really
expecting to see some impact. That is
one direction for my interest.

The other direction | have been
thinking about recently is connecting
to some more formal string theory
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models. From my perspective, there

is a lot of interesting work in string
theory, but what is interesting is if it
tells us something new that we have
not thought about in terms of particle
physics models. There are things that
might look unnatural from a lower
dimensional perspective, and you

can barely understand them in terms
of some of the symmetries etc., but
from a higher dimensional perspective
sometimes there are some ideas that
come out more naturally or more
elegantly. It is really something that
makes sense in extra dimensions. For
instance, lately | have been thinking a
little bit about F-theory models, which
give you motivation for believing the
generation number of quarks and
leptons and a particular form for their
mass matrices.

Ooguri: What seems to be natural
depends on perspectives:

Randall: It is something that | would
not necessarily have thought of from
a lower dimensional perspective. It
really introduces a whole new set of
theoretical tools and ideas.

Ooguri: | see. IPMU could contribute
in any of the areas that you are
interested in. Hitoshi should tell you
what is going on at IPMU.
Murayama: When we proposed this
institute, | listed five questions, mostly,
of course, for people who are outside
of the field: what is the universe
made of, how did it start, what is its
fate, why do we exist in this universe
and what are its fundamental laws?
And | know that each of you are

well aware of the significance of
these questions. One of the things

| emphasized to people outside the
field is the following: if we ask the
question about how the universe
started, actually we are talking about
singularity and physicists do not
know how to deal with singularity.
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But mathematicians can define what
they mean by infinity and compare
different sizes of infinity and stuff like
that. So this is really the area where
mathematicians can come in, possibly
resolving or defining the singularity

in a meaningful way, and that way
we can foresee some meaningful
interactions between physicists and
mathematicians.

Randall: Do you see meaningful
interactions possibly even at a more
immediate level? | mean if there are
really genuinely new ideas that come
in terms of model building as well.
This does not always happen.
Murayama: Actually something
happened at IPMU already. One of our
young phenomenology guys recently
collaborated with a mathematician, an
algebraic geometer, precisely because
of that reason.

Randall: Great. This is sort of
understanding black holes or
cosmology on a more abstract global
level, in geometry or algebra. But at
some level, | think, the interaction
works both ways and is very
important because it is very nice to
categorize all possible geometries.
But there are some physical questions
without answers. So, | think it is good
for people to be thinking along these
physical lines as well. When you are
doing things that way, | think that
you most likely to progress. So, | think
having standard tools for coming in
and asking different questions really
makes progress in ways that we have
not done before.

Murayama: Now, let me talk about
the projects we are involved in. On
the astronomy front, we are building a
new camera for the Subaru telescope,
which is an 8-meter class telescope. It
is pretty much the same size as Keck
but the structure is much more rigid.
As a result, you can mount a much
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bigger camera on the structure, which
gives you much wider field of view.

In one shot you can take an image
which completely encompasses the
full moon, and that will make this
telescope an ideal survey telescope.
So, the plan is to have the entire
northern hemisphere surveyed to build
a 3-D map of dark matter using the
weak lensing effect and that in turn
would give you information about the
equation of the state of dark energy.
At Kamioka, we have the plan of
going on the Super-Kamiokande

and one professor we hired is trying
to convert Super-Kamiokande into

a different style of experiment that
can look for neutrinos in supernova
explosions at cosmological distances

- billions of light years away. It is
called GADZOOKS! The real R&D is
just about to start because of IPMU.
And also there is another guy trying
to convert the KamLAND experiment
into a neutrinoless double beta-decay
experiment by dissolving gaseous
xenon in the liquid scintillator. And
finally there is a new experiment
called XMASS that is starting now

for direct dark matter detection using
800 kilograms of liquid xenon.
Randall: Is XMASS definitely going to
test inelastic dark matter?
Murayama: They claim that they have
two orders of magnitude compared
the current limit.

Randall: Great. As for dark matter, I'm
also interested in DAMA data.
Ooguri: Do you seriously take the
announcement of dark matter
detection by the DAMA experiment?
Randall: I'm only a theorist, so | do
not pretend to know if that is real.
But, in this case | think there are
reasonable explanations for it and also
you can make interesting predictions
for future experiments. So | think in
terms of our role as scientists, this



is what we should be doing. The
detector sensitivities have really gone
to the level that you might really hope
to find something. So I think while
we are waiting for the Large Hadron
Collider (LHC) to return™ this is a very
good thing to be thinking of.

What do you expect of LHC?

Murayama: Let us pursue this. |

am sure you have been asked this
question all the time: What do you
expect from the LHC?

Randall: I do not know what to
expect. | think we will find a Higgs
boson. Rather than saying what

we expect, | think one of our
responsibilities is to say what we
should be on the lookout for and try
to make sure that we are not missing
things because we were not clever
enough to figure out ways to look for
them. In terms of what we will find, |
am not betting on that.

Murayama: Not even on warped
extra dimensions?

Randall:  would not give anything
more than 5% probability at this
point. It is not that | think it is
impossible. There was definitely a
time when it seemed that no matter
what they found they were going to
call it supersymmetry for at least year
or two, until they figured out what it
is. | think it is good to go in and say
we really do not know what is there.
We are just going to look at it with a
clear view and see what is there, and
then we will try to put it together. Of
course, | would like it to be warped
geometries, but | would like it to be

*4: LHC at CERN is a proton-proton collider with
a center of mass energy of 14 TeV. After the

first collision in September 2008, LHC developed
a liquid helium leak and it is now undergoing
repairs. LHC is expected to resume collisions in
November this year. See a related article in IPMU
News No. 5, pp. 4-7.

anything. So you would not say it

is definitely supersymmetry at this
point?

Murayama: | would not say that. |
would love to see supersymmetry
and | have been pushing that idea for
a long time indeed. But it is also true
that there is no guarantee that it is
there within the reach of the LHC.
Randall: And it is looking a little
worse because we have not seen any
sign of it.

Murayama: Right. Especially in B
physics experiments, which have
been so dead-on correct with the
Kobayashi-Maskawa theory.

Randall: I will tell you one thing that |
do really like about extra-dimensional
theories in general. | really do think
that these are the first theories that
give some compelling explanation

of flavor. We have this huge clue,
because neutrino mixing angles are
big and quark mixing angles are small
and it has to be telling us something.
We have this interesting structure
that the Kobayashi-Maskawa matrix
is almost the identity. We have all
this very powerful information, and

| would say that all these extra-
dimensional theories seem to give

some compelling explanation of this.
Murayama: It is time for the last
question. Do you have any messages
especially for young people entering
the field of studying stars?

Randall: One thing that | have really
appreciated in Japan on my visits is
how much people get excited about
science, and how seriously they take it
that we really can know more about
the universe and about what things
are made of. Science is a process of
finding. | would like to emphasize
that many people can contribute

to its progress. Now that you are
bringing a new institution to Japan,
we really do to some extent look at
Japan. It is a really remarkable thing
that they did create this institute. It
shows that Japanese people have
respect, attention, and excitement
about physics. Progress in science
does not happen overnight. | think
there are these deep questions about
the universe that will be answered
by having a large group of people
working together over a period of
time. It is a very important thing

and it is just great that Japan has
appreciated that.

Left: Hirosi Ooguri;
center: Lisa Randall;
right: Hitoshi
Murayama.

Lisa Randall is a
theoretical physicist
working on particle
theory and cosmology.
She is famous for her
particle physics models
based on “warped
extra dimensions.”

She received her Ph.D.
degree from Harvard
University in 1987, and
has been a professor at
Harvard since 2001.

Before returning to Harvard, she held a professorship at Princeton University and MIT. She
received numerous honors, for example, membership of the National Academy of Sciences in
2008 and the Julius Lilienfeld Prize from the American Physical Society in 2007. This round table
discussion was held at the California Institute of Technology in February 2009 when she was
staying there as a Gordon Moore Distinguished Scholar.
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Third Meeting of the IPMU
External Advisory Committee

The third meeting of the IPMU
External Advisory Committee was held
on April 18, 2009, with eight of the nine
committee members, Roberto Peccei
(UCLA, chair), John Ellis (CERN), Steve Kahn
(Stanford/SLAC), Norio Kaifu (The Open
Univ. of Japan), Young-Kee Kim (Fermilab),

Sadayoshi Kojima (Tokyo Inst. of Technology),

David Morrison (UC Santa Barbara), Nicolai
Reshetikhin (UC Berkeley & Amsterdam), in
attendance. The committee will soon
report to the President of the University
of Tokyo with advice for improving and
further developing IPMU.

IPMU Annual Report 2008
Published

IPMU has published the IPMU
ANNUAL REPORT 2008, highlighting
its World Premier International
Research Center Initiative project
implementation and research activities
during the 18-month period from
IPMU’s foundation in October 2007 to
March 2009. The PDF version can be
downloaded from the IPMU web site,
http:.//www.ipmu.jp/research-activities/
annual-reports.
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Shigeki Sugimoto Receives the
Yukawa-Tomonaga Memorial
Prize

On July 8, 2009, Kyoto University
announced that the Yukawa-
Tomonaga Memorial Prize had been
awarded to Shigeki Sugimoto of
IPMU and Tadakatsu Sakai of Nagoya
University for their contribution to
the development of the “holographic
guantum chromodynamics model based
on gauge superstring theory/gravity
correspondence” analysis technique of
strong interactions between hadrons
(such as protons, neutrons, and mesons) using
superstring theory.

Their work has attracted significant
attention due to its pioneering approach
and, as a result, their two papers have
been cited almost 600 times. The award
ceremony will take place on September
11, 2009.

Conference Report

—IPMU International Conference
Dark Energy: “Lighting up the
Darkness!”

This Conference was held for five
days, June 22-26, 2009, in the Media Hall
of the Kashiwa Library on the University
of Tokyo Kashiwa campus. Details are
reported on pp. 18-19.

Special Public Lecture “The Dark
Side of the Universe”

A special public lecture entitled
“The Dark Side of the Universe” was
held in the evening of June 24, 2009,
in the Media Hall of the Kashiwa
Library. The event was associated
with the aforementioned International
Conference. The speaker, Michael S.
Turner, is a theoretical astrophysicist
who is known as the godfather of dark
energy. Although the lecture was given
in English, it was attended by more
than 160 people. An IPMU Principle
Investigator, Naoshi Sugiyama, emceed
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the lecture and summarized Michael's
talk in Japanese at several stages
throughout it. Because the lecture was
given in this style, comments such as “it
was easy to understand” and “it was
quite a unique style that made it more
enjoyable than the usual lectures” were
found in the questionnaires that were
collected afterwards.

Some pictures from the lecture are
shown on pp. 15-17.

“Tanabata” Star Festival Lecture
“The Story of the Milky Way
Galaxy”

It has been 400 years since Galileo
Galilei made the first observation of the
sky using a telescope, and this year has
been designated the International Year
of Astronomy. In an attempt to publicize
this special year, the Astronomical
Society of Japan took the initiative
and held nationwide public lectures
on astronomy on July 7, the day of the
“Tanabata” Star Festival. IPMU took
part, and a public lecture entitled “The
Story of the Milky Way Galaxy” was
held on July 7, 2009 at the planetarium
in the Kashiwa City Library. After the
Kashiwa Planetarium Association
projected images of stars in the night
sky as viewed from Kashiwa onto a
screen so that people could locate the
constellations, as well as the images
from the Tanabata story, IPMU Associate
Professor Naoki Yoshida lectured on the
past, present and future of the Milky
Way Galaxy. Although this was the first
lecture of its type at the Kashiwa City




Library, the participants enjoyed the Star
Festival and its cozy atmosphere, and
many expressed the wish that this type
of event would be repeated.

Program to Encourage Female
Students to Study Science:
“Look into the Future!”

Three graduate schools and four
institutions of the University of Tokyo,
including IPMU, have been undertaking
a Japan Science and Technology
Agency (JST) supported project, which
is an initiative to encourage female
students to choose a career path in
scientific fields. As the first among other
forthcoming events, a visit to KEK at
Tsukuba was organized for August 12
under the title of “Look into the Future!
Celebrating the Nobel Prize! Let’s Visit
an Antimatter Laboratory and Have
Tea with some Female Researchers.”
Around 20 female junior high school
and high school students participated,
some with their parents. They visited
the KEKB Accelerator and the BELLE
Experimental Hall, where the theory of
Nobel laureates Makoto Kobayashi and
Toshihide Maskawa was tested and
confirmed. They then had a friendly
discussion with some female researchers,
including IPMU’s Jiayu Tang and Susanne
Reffert and KEK’s Professor Haruyo
Koiso. Various questions such as “Can
you keep a good balance between work
and home life?” and “Have you had any
problems because there are not many
female researchers in your workplace?”

were asked by the students, who

were concerned about their future
e

path for studying science. The female
researchers answered their questions
comprehensively. The participants
enjoyed the friendly conversations with
the researchers throughout the talk.

The 3rd Science Show Performed
by Students of Todai, “Soramiru
(Looking into the Universe)”

On July 13, 2009, the 3rd Science
Show by University of Tokyo (Todai)
students called “Soramiru (Looking into
the Universe)” was jointly performed
by Komaba Educational Development
and IPMU in the Graduate School
of Mathematical Science Hall on the
Komaba Campus. Students of the
College of Arts and Sciences at the
University of Tokyo and the Science
Communication Circle had developed
a dramatic version of Fundamental
Cosmology and Particle Physics for the
public. Late in the show, Director of
IPMU Hitoshi Murayama took part in the
play and explained dark matter. Around
100 participants enjoyed the elaborate
staging.

Future Conference
—Focus Week: Statistical Frontiers
of Astrophysics

The IPMU focus week “Statistical
Frontiers of Astrophysics” will be held
for five days from September 28 to
October 2 in the Media Hall of the
Kashiwa Library.

At the frontier of astrophysics, where
major surveys are being carried out and/
or planned, it is increasingly imperative
to use statistical methods to extract

scientific constraints from the massive
data sets. For example, it was only
recently (around seven years ago) that
the Markov Chain Monte Carlo method,
a well-known method in the statistical
field, was introduced to the cosmology
community. Nowadays, the MCMC
method is a very powerful tool for
constraining parameters such as the age
of the Universe, dark energy, and dark
matter from cosmological data sets.
There may be other methods that are
also useful for addressing astronomical
problems. This workshop will gather
together the leading researchers
working in the usually unconnected
fields of statistics and astrophysics. The
purpose is for them to get to know each
other, learn about/discuss the methods
of their own approaches, and explore
the possibility of working together in the
cross-disciplinary fields.

Future Conference
—Focus Week: QCD in Connection
with BSM Study at LHC

The focus week “QCD in Connection
with BSM (Beyond the Standard Model)
Study at LHC" will be held between
November 9 and 13, 2009 in the Media
Hall at the Kashiwa Library, co-sponsored
by IPMU and the KEK Theory Center.

It is already the fourth focus week on
LHC. This time, we want to focus on the
connection with new physics studies at
LHC.

In recent years, there has been
increasing interest in the QCD processes
at LHC. This is because strong interaction,
multi-particle emissions from signals and
background processes make it difficult
to measure the fundamental parameters
of physics beyond the standard model
without accurate understanding of these
QCD processes. Top experts in this field
will participate. We will arrange seminars
and discussions in addition to lectures
for graduate students and postdocs on
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the above issues. We will also organize

a one-day workshop so that those

participants who wish to give a talk can

be accommodated.

Future Conference
—Focus Week: The Epoch of
Reionization

IPMU will host a Focus Week on the

Epoch of Reionization from November
30 to December 2 in the Media Hall,
Kashiwa Library. We are inviting
researchers working on high redshift

galaxies using the Subaru telescope and

those working on 21cm observations
using LOFAR to attend. The combined
data from these observations will
enable us to study in detail how the
cosmic Dark Ages ended at the epoch
of reionization. We are also inviting
theorists and observers to discuss
possible synergies between galaxy
surveys and 21cm observations.

IPMU Seminars

IPMU hosts regular seminars on every
Wednesday at 3:30 and invite speakers

from around the world. Information is

posted on IPMU website (http://db.ipmu.jp/

seminar/?mode=seminar_recent). You will
find detailed information and request
form (when needed) there. One of the
purposes for these regular seminars is

to encourage researchers from different

fields to understand each other’s
specialties.
Separate seminars are also held for

each research fields. At present, seminars

for particle physics and astrophysics
are held on every Thursday at 1:30pm,

mathematics and mathematical physics
on every Tuesday at 1:15pm. All seminars

use English.

Mathematics seminars are also held
at the University of Tokyo Komaba
Campus.
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1.

10.

“Quantum Curves and D-Modules”
Speaker: Lotte Hollands (University of
Amsterdam)

Date: May 28, 2009

“The ANTARES Deep-Sea Neutrino
Telescope”

Speaker: Paschal Coyle (Centre de
Physique des Particules de Marseille)
Date: June 01, 2009

“21 cm cosmology”

Speaker: Ue-LiPen (CITA)

Date: June 02, 2009

“Apery and Gamma”

Speaker: Sergey Galkin (IPMU)

Date: June 4, 2009

“Rare Opportunities: Seeking New
Physics with Rare Decays of Light
Particles”

Speaker: Douglas Bryman (University
of British Columbia)

Date: June 04, 2009

“Generic elements of the mapping
class group’

Speaker: Joseph Maher (visiting Tokyo
Institute of Technology)

Date: June 04, 2009
“Cosmological Simulations of Early
Structure Formation”

Speaker: Darren Reed (LANL)

Date: June 05, 2009
“Multiplication in differential
cohomology and cohomology
operation”

Speaker: Kiyonori Gomi (Kyoto
University)

Date: June 08, 2009

“Massive Stars: Key Players in the
Early Universe”

Speaker: Raphael Hirschi

Date: June 10, 2009

“Axions in Particle Physics and
Cosmology”

Speaker: Georg Raffelt (Max-Planck-
Institut fur Physik)

Date: June 10, 2009

. “Viable inflationary models ending

with a first-order phase transition”
Speaker: Marina Cortes
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12.

17.

20.

21.

Date: June 11,2009

“On three-dimensional chiral gravity”
Speaker: Gaston Giribet (University of
Buenos Aires and CONICET)

Date: June 11, 2009

. "Aspects of Horava-Lifshitz

cosmology”
Speaker: Shinji Mukohyama (IPMU)
Date: June 12, 2009

. “Holographic Lifshitz-like Fixed Point

in String Theory”
Speaker: Tadashi Takayanagi (IPMU)
Date: June 12, 2009

. "Horava-Lifshitz Holography”

Speaker: Tatsuma Nishioka
Date: June 12, 2009

. “Primordial non-Gaussianity and

constraints from WMAP”

Speaker: Kendrick Smith (University of
Cambridge)

Date: June 16, 2009

“Lecture on B-mode polarization
and Primordial non-Gaussianity: Two
big things to expect from the Planck
data”

Speaker: Eiichiro Komatsu (University
of Texas)

Date: June 17, 2009

. “Novel reconstruction technique for

New Physics processes with initial
state radiation”

Speaker: Mihoko M. Nojiri (IPMU/KEK)
Date: June 18, 2009

. “K3 surfaces with involution,

equivariant analytic torsion and
automorphic forms”

Speaker: Ken-Ichi Yoshizawa
(University of Tokyo)

Date: June 19, 2009

“Two Topics in Cluster Cosmology:
Studying Dark Energy and Sigma8”
Speaker: Subhabrata Majumdar (Tata
Institute)

Date: June 29, 2009

“Some thoughts on the larfe-scale
CMB anomalies”

Speaker: Kin-Wang Ng (nstitute of
Physics, Academia Sinica)



22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Date: June 30, 2009
“Cosmological and astrophysical

probes of dark matter annihilation”

Speaker: Kazunori Nakayama (ICRR)
Date: July 02, 2009

“Collider phenomenology of split-
UED”

Speaker: Michihisa Takeuchi (ICRR)
Date: July 09, 2009

“Cosmic-Ray Positrons and
Supernova/Pulsar/GRB Remnants”
Speaker: Kunihito loka (KEK)

Date: July 15, 2009

“Dark Matter and PAMELA/Fermi
Anomalies”

Speaker: Tsutomu Yanagida (PMU)
Date: July 15, 2009

“Escape fraction of ionizing photons

in high-z galaxies”

Speaker: Kentaro Nagamine
(University of Nevada)

Date: July 16, 2009

“Extremal (super-) conformal field
theories”

Speaker: Matthias Gaberdiel (ETH)
Date: July 16, 2009

“Defects and symmetries”
Speaker: Ingo Runkel (King's College
London)

Date: July 21,2009

“Modeling GRB Host Galaxies”
Speaker: Yuu Niino (Kyoto University)
Date: July 23, 2009
“Entanglement in quantum chains”

Speaker: Bernard Nienhuis (Amsterdam

University)

Date: July 23,2009

“Deep Surveys of z=7 Ly-alpha
Emitting Galaxies with Subaru
Telescope: Implications for Galaxy
Evolution and Reinization”
Speaker: Kazuaki Ota (RIKEN)
Date: Augst 05, 2009
“Theoretical Constraints on the
Higgs Effective Couplings”
Speaker: lan Low (ANL/Northwestern
University)

Date: August 05, 2009

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

“Recent studies on supernova
nucleosynthesis with X-ray
observations of supernova
remnants’

Speaker: Hiroya Yamaguchi (RIKEN)
Date: August 06, 2009

“Spiky strings and spin chains”
Speaker: Nick Dorey (DAMTP)
Date: August 06, 2009

“Last bets for Higgs and
Supersymmetry before the LHC
starts”

Speaker: John Ellis (CERN)

Date: August 11,2009
“Kazhdan-Lusztig Theory”
Speaker: Nanhua Xi (Chinese Academy
of Science)

Date: August 12,2009
“Categorical approach for Weyl
modules, after Chari-Fourie-
Khandai”

Speaker: Katsuyuki Naoi (University of
Tokyo)

Date: August 13,2009
“Lagrangian intersection Floer
theory — the foundation and some
calculations”

Speaker: Hiroshi Ohta (Nagoya
Unieversity)

Date: August 19, 2009

“Fermilab Plan with an Intensity
Frontier Accelerator”

Speaker: Young-Kee Kim (Fermilab)
Date: August 19, 2009

“Twin Higgs and Lepton Number
Violation at the LHC"

Speaker: Goh Hock-seng (Berkeley)
Date: August 20, 2009

“Form Factor Dark Matter”
Speaker: Brian Feldstein (Boston
University)

Date: August 20, 2009
“Non-geometric heterotic
compactifications”

Speaker: David Morrison (UCSB)
Date: August 25, 2009

“Testing AGN feedback models and

simulating environmental effects on

AGN activities”
Speaker: Min-Su Shin (Princeton
University)
Date: August 25, 2009

44. “Exactly solvable models of tilings
and Littlewood—Richardson
coefficients”
Speaker: Paul Zinn-Justin (Paris 6)
Date: August 28, 2009

45, “Global Torelli theorem for
hyperkahler manifolds”
Speaker: Misha Verbitsky (IPMU)
Date: August 31, 2009

IPMU Komaba Seminar

1. “Mapping class group for
hyperkahler manifolds”
Speaker: Misha Verbitsky (TEP
Moscow/IPMU)

Date: July 27,2009

Personnel Change

New Principal Investigator

From July 13, 2009, Professor Alexey
Bondal of the University of Aberdeen
also holds the position of Principal
Investigator of IPMU. To date, he has
been a Senior Visiting Researcher at
IPMU. He will lead research at IPMU in
the area of Mathematics.

Next Issue of IPMU NEWS to Be
Published in January, 2010

Usually, IPMU News No. 8 would be
published in December 2009. However,
the IPMU Building that is currently
under construction is expected to be
completed towards the end of this year.
Accordingly, IPMU News No. 8 will be
published in January, 2010 as a special
issue celebrating the completion of the
IPMU Building.
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Atmospheric Neutrinos

Takaakl Kajlta Principal Investigator of IPMU

A cosmic ray is the radiation of high energy particles arriving
at Earth from the Universe. These cosmic ray particles interact
with the air nuclei in the high altitude atmosphere. In these
high energy nuclear interactions, many pions and kaons are
produced. Since these particles are unstable, they decay
into other particles, including neutrinos. These neutrinos
are called atmospheric neutrinos, and they have been
studied in underground experiments. Through the studies
of atmospheric neutrinos, neutrino oscillations, which occur

because of finite neutrino masses, have been discovered.

IPMU News No.7 September 2009
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