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Ken'ichi Nomoto is IPMU Professor and a principal investigator. He is a leading astronomer

in the fields of stellar evolution, supernova theory, and the cosmic origin of the elements.

He received the 1989 Nishina Memorial Prize for his contribution on “Theoretical Study of
Supernova,” and the 1995 Japan Academy Prize with Daiichiro Sugimoto for their work

on ‘Theory of Stellar Evolution and Supernovae.” He received his Ph.D. from the University

of Tokyo in 1974. In the same year he became a research associate at Ibaraki University. In
1979, he returned to the University of Tokyo as a research associate. He became an associate
professor in 1985 and a professor in 1997. Since 2008, he has been IPMU Professor.
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Director’s Corner

High Risk, High Return

Hayabusa’s seven-year journey to the asteroid

[tokawa captured imagination and admiration of us all.

In this issue of IPMU News, you find the interview of
the Hayabusa mission director, Junichiro Kawaguchi,
by our Ed Turner. You may read about how brave

he was proposing such a mission, taking high risks
hoping for a high return. Return it did. Overcoming
many technical problems, it made back from the
asteroid carrying particles of its material. Scientifically,
it may shed light on the formation history of the solar
system. But the reason why we jumped up and down
when it reentered the atmosphere was different, a
huge sense of achievement that a mission impossible
was accomplished.

Indeed, scientific research is full of dramas. A
stereotype of a scientist would be something like this:
wearing a thick pair of glasses, always clad in a white
lab coat, stone-faced with little emotion, not socially
minded, moving about almost mechanically in a lab
full of dangerous chemicals and microbes,
and following protocols and never deviate
from well-defined routines.

But you would be surprised watching
how scientists actually work: taking risks
into an uncharted territory, disappointed
by hitting a dead end, excited to see
light down the tunnel, laughing with
friends, arguing to find out what is right,

concentrating to endure difficult

Director of IPMU
Hitoshi Murayama

tasks, stumbling on a totally unexpected directions,
rivalry with people elsewhere in the world, and often
working in a team enjoying the company. And science
is totally global: wherever you go for conferences,
workshops, schools, and seminars, you immediately
find new friends working in the similar area of study.
The article by our PI Ken Nomoto shows how he
ventured into the mystery of supernova explosions,
an uncharted territory at that time, building the
theory that now became standard, working with
collaborators worldwide to prove his theory, and how
it led to a totally unexpected discovery of dark energy.
Ken shared his story during the Open Campus
days of the Kashiwa campus with an unexpectedly
large audience. They were mesmerized by his lecture.
On the previous day, Chiba-kun, a gender-neutral
new mascot of the Chiba prefecture, visited me, and

listened to my explanation how elementary particles

interact with each other. Enjoy the snap shot.

Director’s
Corner
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Principal Investigator Ken’|Ch| NomOtO

Research Area: Astronomy

Measuring the Universe with the Ancient

Supernovae

Tycho Brahe’s supernova and the observation
of its echo

About 12,000 years ago, one star made a big
explosion in our Galaxy. The light emitted from the
explosion reached the Earth in November, 1572 AD.
This “new” star was observed as a “guest star” in
Korea and then China. About a week later, a famous
Danish astronomer, Tycho Brahe observed this star in
Constellation Cassiopeia. Tycho noticed that this was
a “new” star, changing its color and brightness with
time. He continued his naked-eye observation of
the star until it disappeared in March 1574 AD. This
observation of change in the sky was a challenge to
Aristotle’s view of the “constant” universe.

After Tycho's observation, the telescope
was invented, and Galileo made astronomical
observations using the telescope. Recently, with
modern instruments, astronomical observations in
other wavebands, such as radio, infrared, X-rays,
and gamma-rays, became possible. Similar bright
new stars have been observed in very distant
galaxies. Zwicky and Baade coined “supernova” for
those especially bright novae. At the location of
Tycho’s star, a nebula has been found and named
“Tycho's supernova remnant,” and X-ray and infrared
observations revealed heavy element abundances
(Fig. 1). The optical light emitted in 1572, however,
could not be observed with telescopes, so that it
was impossible to study the detailed nature of the
supernova in 1572 AD itself.

Figure 1: Tycho’s supernova remnant (Max-Planck-Institut fur Astronomie).

However, surprisingly enough, in 2008, 436 years
after Tycho's observation, the optical light from SN
1572 was observed. It was an echo. The optical echo
occurs when the light emitted from the source is
scattered by the dust in the surrounding interstellar
cloud, and it reached the Earth some time later. The
observed echo brought the information of SN 1572
itself. In a sense, the echo is a video tape that shows
the past.

How to find the echo? If there exist dusty
materials distributed outward, then the echo spot
seems to move quickly outward. By identifying
the echo from such a quickly moving spot of light
with a telescope in Spain, our team of NAQJ, IPMU,
and MPE successfully conducted spectroscopic

4 IPMU News No. 12 December 2010
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Figure 2: The spectrum of the echo of Tycho’s supernova (SN 1572) (red) compared with
the spectra of several type la supernovae (black) (Krause et al. 2008 Nature 456, 617).

observation of the echo with the Subaru Telescope
in September 2008. It is just amazing that the
supernova light observed by Tycho with only the
naked eye was observed now, 436 years later, with
the modern telescope.

We have found that the observed spectrum of
SN 1572 (the red line in Fig. 2) is very similar to the
spectra of Type la supernovae (SNe la) (black lines in
Fig. 2). Absorption lines in the spectra are identified
with those of iron, silicon, magnesium, oxygen, etc.
This implies that these supernovae created those
elements in the explosion. (Note that no hydrogen
line is seen, despite the fact that hydrogen is the
most abundant element in the universe.) This
similarity means that SNe la are strikingly similar,
irrespective of the very distant galaxies in which they
appeared.

The question, then, is what kind of stars explode
as SNe la. When | started working on SNe la in the

early 1980s, we could not even identify the elements
in the spectra of SNe la seen in Figure 2. It was only
evident from the spectra that there was no hydrogen
in SNe la, so the progenitor stars had undergone
unusual evolution. We had two candidates of the
progenitor: a helium star with about 2 solar mass
and a white dwarf (WD). The WD model for SNe la
has been established only after further development
of observations and theories.

What are white dwarfs?

Stars like the Sun shine by burning hydrogen
into helium in the central region. When hydrogen
is exhausted, the envelope of the star expands
to a radius as large as almost an orbital radius of
Venus, and the star becomes a red giant. In the
central region of the star, helium burns into carbon
and oxygen. When the helium is exhausted, the

Feature



Figure 3: Simulation of the exploding white dwarf. The various colors indicate the
various heavy elements (e.g., Fe) synthesized in the interior (W. Hillebrandt).

stellar envelope expands further even to the orbital
radius of the Earth. Eventually, the outer envelope

is separated from the core of the star to form a so-
called planetary nebula. The remaining stellar core

is composed of carbon and oxygen. Its radius is as
small as the size of the Earth. Its surface temperature
is so high that it is called a white dwarf (WD).

The WD is very different from an ordinary star. In
ordinary stars, the thermal motion of gas particles
provides sufficient pressure against gravity. In the
WD, electrons are degenerate, where electrons at
high densities need to occupy high energy states due
to Pauli's exclusion principle in quantum mechanics.
Such degenerate electrons provide the pressure
against gravity.

A typical WD star has a mass of about 0.5-1 solar
mass and a radius that is about one hundredth of
the solar radius, which is as small as the radius of the
Earth. Its central density is extremely high—about

6 IPMU News No. 12

1 ton per cubic centimeter. There is an upper limit
to the mass of a WD—the so-called Chandrasekhar
mass (1.4 solar mass)—because the velocity cannot
exceed the speed of light according to the special
theory of relativity. As the WD’s mass approaches
this limit, the central density becomes infinitely high.
This is an important mass limit for SNe la to be
standard candles.

Nuclear explosions of white dwarfs

The evolution of a single WD is simply a cooling
process. However, if the WD is a member of a
close binary system, its ultimate fate could be very
different. Because of the mass transfer from the
companion star, the mass of the WD could increase
to the Chandrasekhar mass. The central density of
the WD then becomes high enough for a carbon
fusion reaction to increase the central temperature.

December 2010



Since the degenerate pressure does not depend on
the temperature, the pressure stays constant and the
WD does not expand. Then the temperature does
not drop but continues to increase. It accelerates
the carbon fusion reaction, which eventually leads
to thermonuclear runaway. Such a WD is a veritable
carbon bomb (Fig. 3).

Thermonuclear runaway increases the temperature
up to 5 to 10 billion degrees, and most of the
carbon and oxygen burn to nickel 56. The burned
central region forms a bubble, which heats up the
surrounding layer to burn more carbon. This creates
more bubbles and the burning front propagates
outward. Under certain conditions, a shock wave
may form to induce detonation, which could give
rise to an asymmetric explosion.

Nickel 56 is radioactive and decays into cobalt
56 with a half-life of about a week. Cobalt 56 is
also radioactive, decaying into stable iron 56 with

Figure 4: Type la supernova SN 1994D (lower-left) (NASA).

a half-life of 78 days. Gamma-rays emitted from
these radioactive decays have high enough energy
to excite the surrounding gas and emit optical light.
Therefore, supernova brightness depends on how
much nickel 56 is synthesized. The observation

of SNe la is witnessing the creation of iron in the
universe. Since the mass of the WD at the explosion
is close to the Chandrasekhar mass, the synthesized
mass of nickel 56 is about 0.6 solar mass which is
virtually constant among SNe la. This is the reason
why the brightness of SNe la is nearly uniform.

Acceleration of the expansion of the universe

An SN la shines as bright as a whole galaxy which
contains 10-100 billion stars—so it can be observed
even at a distance of 10 billion light years—and the
brightness of SNe la is nearly uniform. Therefore SNe
la are good standard candles to provide evidence of

Feature
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Figure 5: The size of the expanding universe vs. time. The red, blue, and black lines show
the universe with acceleration, with deceleration, and without acceleration or deceleration.

the acceleration of cosmic expansion.

How has the acceleration of cosmic expansion
been discovered? Figure 5 shows that the separation
between galaxies (i.e., the size of the universe) is
increasing with time due to cosmic expansion. The
slope indicates the rate of expansion, and the red
(blue) line shows cases of deceleration (acceleration)
of cosmic expansion.

As the size of the universe increases, the
wavelength of the light emitted in the past is
stretched, so that the light is red-shifted (z). The
universe was smaller in the past by a factor of 1/(1+2).

If cosmic expansion has accelerated, then the rate
of expansion must have been slower in the past and
gradually accelerated to reach the current rate. With
acceleration, it takes more time for the light from
the past SN la to reach us, i.e., the SN la is more
distant, and thus dimmer, compared to cases with
no acceleration.

If the expansion has decelerated, on the other
hand, the rate of expansion in the past was faster,
so the distance to the past SN is shorter compared
to cases without deceleration. Therefore the SN la is
brighter than in cases with no deceleration.

Dark Energy

The abscissa of Figure 6 shows the brightness of
an SN la at a certain redshift (z) compared to the
empty universe with no acceleration or deceleration.
The observed points are obtained by averaging
the brightness of many SNe la. It is clear that SNe
la around z = 0.5 are fainter than in the empty
universe.

In contrast, the SN la around z = 1.7 is brighter.
This implies that the cosmic expansion was
decelerated in the past but turned to acceleration
some 6 billion years ago.

8 IPMU News No. 12 December 2010
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Figure 6: The brightness of distant supernovae at high redshift. The differences from an empty
universe with no acceleration or deceleration are shown (Tonry et al. 2003 ApJ 594, 1).

The deceleration of cosmic expansion can be
understood as a result of the gravitational force
exerted by matter in the universe. The reason why
the acceleration started should be the effect of anti-
gravity that causes repulsive force. The nature of the
source of this repulsive force is unknown, and it is
thus referred to as “Dark Energy.” The observations
of cosmic background radiation combined with
some other observations have revealed that the
composition of the current universe comprises about
73% dark energy, 23 % dark matter, and only 4%
ordinary matter. Amazingly, 96% of the universe
consists of “dark.”

What this “Dark Energy” is, what its equation of
state is, and whether it is the cosmological constant
introduced by Einstein are fundamental questions in
physics. In order to answer these questions, we need
to construct “precision cosmology” by more detailed
observational and theoretical studies. By observing

Ordinary

Matter

~ 4%
a larger number of
distant supernovae, Dark
we should be able ENOS
to investigate how
the nature of SNe la
depends on their host
galaxies and redshift
and reduce systematic errors. We need more
accurate observations using next generation
astronomical satellites, space telescopes, and 30 m
class giant ground-based telescopes.

At the IPMU, we are studying SNe la by combining
the observational and theoretical approaches, where
we are trying to identify the progenitor binary star
systems that produce SNe la, to clarify the nature of
host galaxies, and to simulate aspherical explosions
and associated nucleosynthesis. By revealing the
nature of SNe la, we are approaching “precision
cosmology.”

~73%

Figure 7: Composition of the universe.
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Shig@ki MatSU mOtO Research Area: Cosmology

IPMU Associate Professor

The dark matter problem of the universe is very
important not only for particle physics but also
astrophysics and cosmology. Thanks to recent
cosmological observations, the existence of dark
matter has been established, however, its nature
has not been revealed yet. | have researched the
nature of dark matter from the viewpoint of new
physics at the TeV scale. To be more precisely, |
have studied how dark matter can be detected in
collider experiments (LHC and ILC) and detection
measurements based on several new physics
models such as the supersymmetric model, the little
higgs model with T-parity, and the universal extra-

dimension model. As an advanced topic of these

studies, | would like to establish a method to clarify
the nature of dark matter in a model-independent
fashion. In addition to the topic related to dark
matter, | am also planning to study the first order
phase transition and the non-equilibrium dynamics of

elementary particles in the early universe.

10 IPMU News No. 12 December 2010



YUJi TaChIkawa Research Area: Theoretical Physics

IPMU Assistant Professor

The effort to reconcile quantum mechanics,
which governs microscopic phenomena, and general
relativity, which governs strong gravitation, led to the
emergence of the superstring theory. It is the leading
candidate to give a unified description of Nature at
its most microscopic level, but frankly what interests
me most about superstring theory is its exceptionally
rich internal structure.

The theory is so rich that it not only necessitates
the use of cutting-edge mathematics, but it has
also occasionally given a new area of mathematics,
which later received rigorous and vigorous study
by mathematicians. For example, the study of

supersymmetric states of string theory is now known

to be related closely with algebraic geometry and
representation theory.

My hope as a physicist in this Institute is to unearth
more ideas from string theory, to be polished
into perfection by mathematicians in the same
building, thus connecting the P (physics) and the M
(mathematics) of the IPMU.

Researchers gathered at the “amphitheater” of the IPMU building on the occasion of the IPMU’s third anniversary in October 2010.



Melina Bersten

Postdoc

Research Area: Astronomy

My main research interests involve computational
and theoretical astrophysics. Specifically, | work in
the field of supernovae. These are very relevant
astrophysical objects because of their connection
with the final stages of stellar evolution and the
energetic and chemical evolution of galaxies. They are
also important in Cosmology as distance indicators.

Through the computation of hydrodynamic models

Gaston Folatelli

Postdoc

Research Area: Astrophysics

| am an observational astrophysicist working in
the field of supernovae. | first got interested in this
subject through the use of Type la supernovae as
powerful distance indicators in the study of the
expansion history of the Universe. | focused on the
use of spectroscopy and multi-band photometry
as a means to improve the precision of distance
measurements. In the past few years, | also

became interested in understanding supernovae

Ahmet Emir Gumrukcuoglu

Postdoc

My interests primarily revolve around cosmological
inflation. One focus of my research is the study of
inflationary scenarios with new observable signatures,
such as broken statistical isotropy and/or substantial
non-Gaussianity, which provide additional criteria
for discriminating among different models. | am
also interested in the effect of supersymmetric flat

directions on the post-inflationary evolution of the

12 IPMU News No. 12

Research Area: Cosmology

of core-collapse supernovae and comparison with
observations, | aim at gaining a better knowledge of

the physical properties of the progenitor stars.

as astrophysical objects in connection with stellar
evolution, the mechanism of explosion, and the
interaction with the interstellar medium. For that
purpose | have been involved in the monitoring of all

types of supernovae very soon after explosion.

&,

universe. An ongoing project involves a nonlinear study
of the preheating of flat direction condensates - the
explosive decay may give rise to gravitational waves in

the frequency range of upcoming observations.
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Johannes Schmude

Postdoc

| am interested in relationships between geometry,
gauge- and string theories. In the past, | have mainly
worked on problems regarding gauge/string duality,
specifically the case of gauge theories with additional
fundamental matter fields. On the string theory side
of the duality, these are represented by D-brane
sources, which can be conveniently described by
the mathematics of generalized calibrations. Just
as calibrations capture the physics of D-branes,
G-structures provide a very natural language to

Simon Wood

Postdoc

Research Area: Theoretical Physics

The primary focus of my research is logarithmic
conformal field theory. Conformal field theories
are quantum field theories that are invariant with
respect to transformations that preserve angles but
not lengths. These theories are encountered in string
theory and statistical mechanics and have a very
rich mathematical structure that can be described
by vertex operator algebras. Logarithmic conformal
field theory is a generalization of standard conformal
field theory, which admits logarithmic divergences in

correlation functions. The vertex operator algebras

Research Area: Theoretical Physics

address issues regarding the involved supergravity
backgrounds themselves.

of logarithmic conformal field theories are still quite
poorly understood. Here at the IPMU | hope to get
a better understanding of these vertex operator
algebras of logarithmic conformal field theories as
well as the categorical structures underlying their

representation theory.

Our Team



Workshop Report

HORIBA INTERNATIONAL CONFERENCE

COSMO/CosPA 2010

Shinji Mukohyama

IPMU Associate Professor

Jun’ichi Yokayama

Professor of the Research Center for the Early Universe (RESCEU) at the University of Tokyo

and IPMU Senior Scientist

An international conference on cosmology and
particle astrophysics was co-organized by IPMU and
RESCEU from September 27 to October 1, 2010 at
the Hongo Campus of the University of Tokyo." The
main venue was Yayoi Auditorium (Ichijo Hall), and
several halls in the School of Science, such as Koshiba
Hall, were used for parallel sessions. This conference
integrated two annual international conference
series: COSMO, which had been held mostly in
Europe and North America alternately, and CosPA,
which had been held in the Asia Pacific region, in
places such as Taiwan, Korea and Australia. More
than 290 researchers from 30 countries attended the
conference. In the following, let us review 29 invited
lectures in the order of cosmic history.

In the very early universe, quantum fluctuations are
so significant that even Einstein’s theory of general
relativity can’t work, and we need “quantum gravity,”
a dream theory reconciling Einstein’s general relativity
and quantum theory. The conference began with a
talk by Horava, who had recently proposed a new
theory of quantum gravity.

After exiting the realm of quantum physics, the
universe is thought to have experienced an epoch of

* http://www.resceu.s.u-tokyo.ac.jp/symposium/cosmocospa2010/index.php

rapid accelerated expansion called inflation and then
turned into a hot fireball of universe. Since inflation
is not only theoretically beautiful but also able to
explain the observed spectrum of cosmic microwave
background radiation (CMB) correctly, it is considered
as an important part of modern cosmology. Inflation
was one of main themes in this conference. We had
many talks such as Silverstein's model in string theory,
supersymmetric models by Takahashi and Stewart,
Kaloper's argument about large field models, and
Senatore’s effective theory of inflation. We also had
Hamaguchi’s talk on temperature after inflation.

Just after inflation, there were nearly equal
amounts of particles and anti-particles. Since things
like our bodies and the earth are made of baryons,
extra baryonic particles must have been generated
from them. Buchmueller gave a talk on this subject
called baryogenesis. In the subsequent hot universe,
most baryons took the form of protons and
neutrons. How were light elements synthesized from
these? Big-bang cosmology answers this question.
Steigman talked about recent topics in this subject
called nucleosynthesis.

The universe expands further and its dominant

gravitational source changes from radiation to

14 IPMU News No. 12 December 2010



matter. Actually, most matter in the universe is
unidentified and called dark matter. There were
many talks on dark matter in this conference.
Mahapatra and Ogawa reported the current status
and future prospects of experiments aiming at direct
detection of dark matter. Umetsu reported the
inferred distribution of dark matter in galaxy clusters.
As for theories, we have heard about the possibility
of detection in colliders from Roszkowski, indirect
detection with cosmic ray from Marfatia, axions
from Sikivie, gravitinos from Covi and gravitational
instabilities from Bernardeau.

Soon after matter dominance began, as the
universe cooled down, protons and electrons
recombined to form hydrogen atoms. Photons kept
being scattered in plasma before recombination,
but now can move straightforward. Photons
released at recombination are actually observed as
CMB. Correlations among photons from different
directions make it possible to determine parameters
describing our universe with precision. As Dunkley
and Hazumi forecasted, more detailed information
about our universe will be obtained in the near
future. For example, we can constrain models of
inflation. Moreover, as Brandenberger noted, there
is a possibility to observe evidence of cosmic strings
formed in the early universe.

Until this point, the universe expanded with
deceleration due to its gravity. Surprisingly enough,
observational data of CMB and distant supernovae
indicate that the current expansion of the universe is
accelerating. If Einstein’s theory of general relativity
is right, then this implies that the universe is filled
with an unknown energy sourcing some sort of
anti-gravity. Does this mysterious energy called dark
energy really exist? What is it then? If relativity must

be modified, then how so? This is one of the most

significant mysteries in cosmology. As Miyazaki

and Murayama, reported, promising observational
projects were recently launched in Japan. In theories,
Chen and Starobinsky gave talks on the cosmological
constant problem and f(R) gravity, respectively.

Following the cosmic history, we finally reach the
present time — a fortunate time for cosmology,
when we can expect new observational/experimental
data one after another. Apart from the observations
and experiments already reviewed above, Asai
reported the status of LHC and Roulet reported the
observations of ultrahigh energy cosmic rays. Related
theory talks were by Kim on string theory particle
physics models and by Xing on cosmic neutrino
oscillation, respectively. Another observational talk
was given by Murphy on quasar observation. His
result indicates spatial variations of physical constants
in a distance of cosmic scale and will be a historical
discovery, if confirmed in the future.

As we have seen, cosmology is full of mysteries
and problems to be tackled. We had not only the
invited talks but also about 100 contributed talks and
about 100 posters, and many exciting subjects were
presented there. Discussions among participants
were active, and it seems that some new research
projects began. We hope that communications
and discussions during this conference will lead to
new development of cosmology research. Finally,
members of the organizing committee would like
to thank Dr. Masao Horiba for his generous support
through the Horiba International Conference grant.

We are grateful to the JSPS Core-to-Core Program,

Workshop

“International Research Network for Dark Energy,” Report

and the Asia Pacific Center for Theoretical Physics
for their financial support, and the Physical Society of

Japan and Global COE program for their approval.



IPMU Interview

with Junichiro Kawaguchi

Interviewer: Edwin L. Turner

Hayabusa: High-risk high-
return mission
Turner: Let me start by
congratulating you on
the amazing success
of this mission which
has commanded the
whole world’s attention,
astonishment and admiration.
Kawaguchi: Honestly, it's
been amazing — | was just
very fortunate.
Turner: The thing that struck
me the most about the
Hayabusa mission compared

to other
space missions with which

I have some familiarity, mostly
at NASA, is the very high

Junichiro Kawaguchi is Research
Director of Department of Space
Systems and Astronautics, Institute
of Space and Astronautical Science
(ISAS), Japan Aerospace Exploration
Agency (JAXA). He is also Program
Director of the Lunar and Planetary
Exploration Program Group as well
as Project Manager of the asteroid
explorer HAYABUSA mission. He
received a Doctorate in Engineering
from the University of Tokyo in
1983. He became an Assistant
Professor at ISAS in the same

year, and a Professor in 2000. His
specialties include flight dynamics for
exploration spacecraft, and attitude
and orbit control.
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tolerance for risk — your
willingness to accept the
possibility of failure. Was it a
conscious decision to take that
sort of courageous or bold
approach?

Kawaguchi: Actually, it

was full of risks. It was a

kind of high-risk, high-
return mission. In 1995 we
proposed the mission to

the government when our
organization was part of the
Ministry of Education. At that
time, the main body of the
present JAXA was NASDA,
and it was separate from

the government. Since our
organization was dedicated
to research and development,
the mission was proposed

as a form of research. The
government accepted the
proposal and endorsed the
project, even though it was

a single-role mission — a
technological demonstration
of ion engine propulsion. Our
minimum success criterion

at that time was to get the
ion engine to work for just
one thousand hours. Also
everything in the mission
occurred in sequence. That
meant that if something
failed in the middle, the
subsequent portions would
be lost. So that was a very



big risk, and it was already
noted and acknowledged by
the government when we
proposed the mission. So

the government accepted a
certain amount of risk.
Turner: And of course there
were many close calls. Was
there any sort of formal
mission failure assessment?
Did you actually have an
engineering assessment of
how likely you were to get,
say, the sample return which
was the ultimate step, | guess?
Kawaguchi: No such rigorous
process was performed. There
was a kind of notional and
qualitative discussion about
the mission that consisted of
the first ion engine propulsion,
autonomous touch-down and
sample collection, and also
the re-entry of the vehicle.
Supposedly, everything had
around a fifty percent chance
of success, so the overall
possibility of completing the
mission was extremely low,
right? We were aware of that,
and the government also
noted it. To be honest, even
we were not sure that the
mission could be completed.
So that was a major challenge.
Turner: | very much admire
the courage of doing that,
because although it is possible
to define mission success as
testing the ion engine, | am
sure after you have devoted
many years of your life,

and many people have also
devoted years of their lives, to
the work you really are very
anxious to have full success.
Kawaguchi: Right, thank you.

Recovery of lost
communication: a miracle

Turner: | also wanted to ask
you about the high drama of
this mission, so many almost
disasters, so many brilliant
recoveries! What would you
say was the most satisfying
success? When did you feel
the best? About what event?
Kawaguchi: There were a
few occasions, but ultimately
it was when the capsule was
recovered. However, on our
way to re-entry, we lost all
contact with the spacecraft
for five or six weeks at one
stage. So it was also
when we received a

radio signal from the \

spacecraft after the
hiatus in communications
of around seven weeks.
Turner: That was because

of loss of pointing of the
antenna?

Kawaguchi: No, the whole
spacecraft and system were
down. We gradually turned on
the instruments one by one,
and attempted to transmit
various commands to the
spacecraft. It was kind of a
miracle even to us. That was
one major instance. The next
one was when we were able
to restart the ion engine by
devising a new configuration
of the ion engine system.
Turner: Yes, | read about that.
Amazing!

Kawaguchi: When that

Edwin L. Turner is a Professor of
Astrophysical Sciences at Princeton
University. He is also a Visiting

Senior Scientist at IPMU. His research
interests extend over exoplanets,
astrobiology, cosmology, gravitational

lensing, quasars, and statistical
problems in astrophysics.
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combination actually worked,
we realized that we might be
able to get the spacecraft to
return to Earth. That was the
second instance.

Turner: Great. | guess the
partner question must

be what was the most
disappointing failure or loss
on the mission?

Kawaguchi: The highly
sophisticated technology, the
ion engine, the autonomous
navigation guidance, and

also the re-entry worked very
well, which probably came as
a surprise to us. However, if
we look at things such as the
reaction wheels, which are a
kind of low-level technology,
those are the instruments
that failed during the journey.
That was very disappointing.
We did not expect that

such basic things would be
subject to failure — extremely
disappointing.

Turner: What about the little
robot that was going to hop
around on the asteroid?
Kawaguchi: Right. We

were supposed to jettison
the robotic lander while

the spacecraft was above

the surface. We intended to
make that happen when the
spacecraft actually touched
down. We thought we should
avoid such a complicated
operation whereby the robotic

lander would be separated

prior to such a major event.
However, at the time, our
navigation control skills

were not ready to make that
separation occur. That was
our fault. The lessons learned
will be incorporated in the
next mission. In addition, the
sample collection projectile
did not fire. When the
spacecraft tried to pick up
the sample from the surface,
it was intended to shoot a
projectile to the surface. But
the projectile was not actually
shot due to a programming
failure. That was also the
result of human error.
Turner: Was there anything
in your involvement with

the mission that particularly
surprised you, any event

that you just never imagined
happening?

Kawaguchi: We actually
adopted the appropriate
measures for all difficulties
and incidents. We thought
that they should work based
on certain assumptions,

even when the restoration

of communications was
actually planned. We thought
about what boundaries and
what areas our measures
could work for. However,
there was no guarantee

that our assumptions were
correct. Whether or not those
assumptions were actually
correct was not something
that could be
controlled by
humans or by
our project itself.
So we believe
we had plenty of
good fortune.

2010.

Interplay between science
ar'nd gngineering in space
missions
Turner: In such space
missions there is usually some
interplay between science and
engineering considerations.
So the scientists would like
certain sorts of data, and
the engineers have certain
constraints and practical
considerations. The interface
between these two can be
a very complex and delicate
balance. How was that
handled for the Hayabusa
mission?
Kawaguchi: This was
proposed as an engineering
mission and a technology
demonstration. If we had
just wanted to perform the
technology demonstration,
we would not have had to
actually fly to the asteroid.
So ion engines could have
propelled the spacecraft just
within the vicinity of the
Earth, and re-entry could have
occurred from that point.
However, even a technology
demonstration mission should
accompany or take advantage
of the flight opportunity
to perform scientific feats.
That was our intention.
So we decided to actually
undertake the space flight to
the asteroid. But this was just
for our case. There are two
types of missions: science-
driven and engineering-driven
missions.

Based on my personal
experience over probably 30
years, my impression is that
science can be performed
within engineering missions.

Some scientists would say
that the mission should be
driven by scientific purposes,
and request the technology
required to that end. However,
sometimes the technology

is not adequate or is not
mature enough. In that

case, the planned scientific
mission may be threatened
with cancellation. The

space business is extremely
expensive and involves
significant investment

from the government. To
ensure that the missions are
performed safely, all science
missions need to be planned
by looking at the engineering
foundations. That means that
scientists should not request
excessively complicated
missions. SO an engineering-
driven mission is a very good
way of doing things, in a
sense. That is what | think.
Turner: In this particular case,
| guess the science driver of
visiting an asteroid introduced
a serious engineering
complication of doing
operations with a long time
delay for the signal travel time.
Did that make the operation
significantly more challenging
from an engineering sense?
Kawaguchi: Yes. Even from
an engineering perspective,
that longer communication
time makes exploration or
scientific observation difficult.
However, what we realized

is that the people, operators
and researchers, can easily
become accustomed to
performing such operations.
At the beginning of our stay
near the asteroid, we actually

The Japanese asteroid explorer Hayabusa, launched on May 9, 2003, arrived at
asteroid ITOKAWA in September 2005. This artist's image shows Hayabusa's
approach to ITOKAWA (courtesy: Akihiro Ikeshita). Hayabusa touched down on
the surface of the asteroid and collected soil samples. It returned to the Earth
and re-entered the atmosphere above the southern Australia sky on June 13,



had a great deal of difficulty.
However, it was handled
gradually. We believe that
even at a very great distance,
the operations of that mission
were able to be performed.
[t was not such a major
difficulty.

Turner: So you learned
something.

Kawaguchi: We learned a
great deal.

Turner: What was the time
delay, roundtrip?

Kawaguchi: It was
approximately 35 to 40
minutes — which is still not
particularly large — but if
some spacecraft goes farther
away in the next five to six
years, the travel time will be
significant.

Turner: Yes, that is going to be
a major issue for exploration
of the Solar System. Is there
anything major that you
would do differently if you
were doing the mission over
again, either before launch
or after launch, not about
specific problems but as far
as overall mission design or
mission choices? Were you
happy in the end? Of course
in the end it was a big success,
so you must be pretty happy.
KKawaguchi: As of now,

I am relatively satisfied,
regardless of how seriously
the spacecraft was damaged,
because the spacecraft was

* This interview was held on October
16, 2010. Later, JAXA announced
identification of the origin of the
particles brought back by Hayabusa.
They have been identified as rocky
particles, and most of them were
judged to be of extraterrestrial
origin, and definitely from Asteroid
Itokawa. See http://www.jaxa.jp/

press/2010/11/20101116_hayabusa_
ehtml.

able to survive and return
home. That means that we
are able to say which portions
need to be more rigid and
should be compensated for in
subsequent missions. This is a
significant advantage. If the
mission had been interrupted
partway through, we would
not be able to say this.

Turner: So, the Hayabusa
mission must now own several
world records. The sample
that was returned must be
the most distant material ever
brought back to the Earth.
Kawaguchi: We hope so.
Some of the detailed results
of the analysis will probably
be available in a few months.
Still, we have to wait for those
results. Even though what

we were able to get was very
minute and consists of only
small particles, | am sure that
some of the particles will
contain compounds from the
asteroid’s origin.”

Turner: There was already a
publication of major results

in a special issue of Science
Magazine, in 2005 or 2006,
from the data that was
radioed back by telemetry.
Will there be a similar
publication of a large amount
of results from the analysis of
the returned sample?
Kawaguchi: | think so. What
will come out early next year
will probably only be the initial
results of the analysis. But that
will probably be a new set of
results that can be shown to
the world. In addition, we plan
to issue an AO (announcement
of opportunity) to the world
to solicit proposals. We will

distribute samples and results
to scientists.

Turner: That means that
scientist around the world
would have an opportunity to
study the material?
Kawaguchi: That is correct,

if a number of particles are
obtained.

Dream come true

Turner: | would now like to
ask you a few slightly more
personal questions. To lead
such an amazing mission of
exploration seems like an
almost romantic development
in life. Did you ever, when
you were young, a child or a
young man, imagine that you
would get to do such a thing?
Kawaguchi: It was my dream.
The time when | was a child
and while | was at primary
school fully overlapped with
the Apollo, or Gemini, or
Mercury---with the Gemini
and Apollo era. We were
provided with a large

number of opportunities.

The Russians and NASA were
in competition in the space
race during the Cold War. |
experienced actual real-time
TV relays from the surface of
the moon.

Turner: | remember it vividly.
Kawaguchi: That was a major
historical event, and | was
actually greatly impressed

by it. However, the Apollo 11
mission took place in 1969,
and one of the first small
Japanese satellites in the
lowest orbit was launched the
following year. Even though
our satellite launch made

Japan the fourth country

in the world to reach orbit,

it still meant that we were
ahead of the rest of the world.
However, the gap between
Japan and NASA'’s or Russia’s
activity was enormous. |
wondered what we could do
in terms of space exploration.
And | was skeptical about the
future of the Japanese space
development program while

I' was in high school. But |

was extremely interested in
space exploration. Although
there were still significant
uncertainties, | decided to go
to post-graduate school to
undertake research into space
development. During this time,
I'had an opportunity when
Japan was attempting to
launch the first interplanetary
probe to Halley’s Comet in
1985. That was a major trigger
for me to change my point

of view and take a different
approach. What | mean is that
I had been skeptical up until
then, but beyond that point,

I made a decision to devote
myself to space development.
The biggest events that
affected my life were Pioneer
10 and Pioneer 11, Viking 1
and Viking 2, and Voyager.
Those were the deep space
missions that really gave me a
true sense of how accurately
those spacecraft were
navigated and guided to their
destinations. That was another
significant area of impact on
my life. So I started thinking
about remote or autonomous
automation, or control, or
guidance. Controlling a
spacecraft to an extremely
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distant location, making that
spacecraft perform robotically
and autonomously, and then
making it fly back to Earth is
exactly what | wanted to do.
Years later, my dream truly
paid off.

Turner: It is wonderful that
you can have a life dream that
comes true.

Kawaguchi: Yes, | was quite
fortunate.

Turner: And to reach out

and touch an asteroid is an
amazing dream. And your
dream really caught on with
the public even throughout
the mission and certainly since
the mission ended. Hayabusa
has had a tremendous
following in the public. | think
maybe the Mars landers might
have been similar and trips to
the Moon, but in many ways
this is one of the most popular
space missions ever.
Kawaguchi: Especially in
Japan.

Turner: All over the world, but
especially in Japan. Did you
expect that? Does that seem
surprising to you or natural?
Kawaguchi: | had scarcely
imagined this happening. |
was not planning to do this, to
produce this reaction from the
public. But we tried to make
our activity transparent to

the outside world, especially
when we performed touch-
down events — through the
internet and the readings of
the transmitter, what we did
was shown just as it was. And
for the return journey and re-
entry we did the same thing.
So everything could be clearly
seen from the outside.
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Hayabusa imparting a
feeling: not just a machine,
but an actual falcon
Turner: There is something
about the going out and
coming back that gives the
whole mission a sort of
human emotional tone. It is
like someone going off from
his or her home and having

a great struggle and then
returning, almost like the

plot of a novel or a folktale.

It is easy, | think, for people
to relate to Hayabusa in
emotional terms. Of course

as professionals, engineers or
scientists, we understand that
it is just a machine, just like a
tape recorder or cell phone or
automobile. But at the same
time, it is easy to feel that it
almost has a personality —

in English we would say,
anthropomorphize the
spacecraft. Did the operations
team do that to some extent?
Did you begin to feel like
Hayabusa was not just a
machine but an actual falcon?
Kawaguchi: Before the
launch, while the spacecraft
was under development, we
did not have that feeling.
However, right before the
launch, we had not expected
it, but some musicians
composed some jazz tunes.
They issued a CD and they
shared with us what they were
feeling and what the mission
was. By composing jazz tunes,
they imparted the feeling that
the mission was not just on

a machine or a spacecraft.

It would return like a baby

to the ground. They had
already noticed that, but we

did not have that impression.
However, after the launch, the
spacecraft was fully equipped
with highly sophisticated
autonomy. Autonomy can

be programmed. So we had
accumulated numerous rules
that were programmed into
the spacecraft. Without this
autonomy, even ion engines
could not be driven. So

many, probably hundreds or
thousands of rules, gradually

accumulated in the spacecraft.

We had to count on the

fact that the rules would be
followed autonomously by
the spacecraft. It meant that,
for seven years, we had raised
the spacecraft. Gradually the
project team began to think
that it was not a machine, but
almost a child that we had
raised.

Turner: You raised it! | think
that is a very natural human
reaction. | imagine during the
mission, you must have spent
much or most of your time
working on this particular
mission itself. | know you
are also director of the JAXA
Centre for Space Exploration.
How are you spending your
time post mission? Or how
are you looking towards its
end? Or what are you looking
forward to in the future?
Kawaguchi: First of all,

the next mission will be
undertaken by the next
generation so that we are
able to increase the number
of specialists who can carry
out this kind of activity. The
transfer of that technology,
knowledge, and the like is

a very important aspect of
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nurturing the next generation.
I will not actually be concretely
involved in the next mission.
However, | can work as an
adviser. Supposedly, | was the
first generation; Hayabusa’s
first generation was asked to
build and operate a spacecraft;
that was probably easily done.
However, it will not increase
the strength of the community
of the next generation. | still
probably have another 8 to 10
years before my retirement. |
am attempting to propose the
next mission, which may not
be readily endorsed by the
government. But proposing
new missions and new
programs is what we have to
do. | hope the project team
will have another generation
that will be responsible for
that.

Turner: My last question is
about the name “Hayabusa.”

| understand it is a kind of
bird of prey which in English is
called a falcon. How was that
chosen?

Kawaguchi: It comes from the
way the spacecraft picks up
and takes hold of the samples.
Hayabusa, the falcon, makes

a steep descent and touches
down, then seizes its prey.

The work undertaken on the
spacecraft and the sampling

is also carried out using the
touch-down and go method.
That is why we named the
spacecraft Hayabusa, the
falcon.

Turner: Very interesting. It has
been a wonderful pleasure for
me to hear about all of this
directly from you. It is certainly
a remarkable story. Thank you.



IPMU Takes Part in 2010 Open
House at UT Kashiwa Campus

An open house on the Kashiwa
Campus of the University of Tokyo
was held on October 29 and 30, 2010.
It was the first occasion for IPMU to
open its building to the public. Panels
showing the IPMU research activities
and a newly edited video to introduce
IPMU were presented on the first
floor. In the lecture hall, the Head of
the IPMU’s International Relations
Section, Midori Ozawa, spoke about
“Behind the Scenes of Hosting Foreign
Researchers” on October 29. This was
followed by a Japanese play — a parody
of the Japanese folktale Momotaro,
by nine IPMU'’s foreign researchers —
which met with hearty laughter and
applause from the audience. The next
day, the IPMU Principal Investigator
Ken'ichi Nomoto gave a lecture entitled
“Evolution of the Universe Probed by
Supernovae.” Also, on the first day, a
mascot character of Chiba prefecture,
Chiba-kun, visited the IPMU (see a photo
on page 3). A total of 630 people
visited the IPMU during the two days.

IPMU Jointly Hosted Program
to Encourage Female Students
to Study Science “Look into the
Future!” at Kashiwa Campus

Since 2009, this program has been
undertaken by S&T related graduate
schools and institutions, including the
IPMU at the University of Tokyo (see
page 25 of the IPMU NEWS No. 7).
This year, together with the Graduate
School of Frontier Sciences and the
Institute for Solid State Physics, the
IPMU hosted “Look into the Future!”
on October 30, during the 2010 Open
House on the Kashiwa Campus. In
the morning, around 60 female junior
high school and high school students
were divided into three groups, each
visiting one of the three hosts. A group
of around 20 students participated
in a workshop at the IPMU “Let’s
Fathom the Enormity of the Universe!”
organized by an IPMU postdoctoral
fellow Masaomi Tanaka. They enjoyed
the first experience in calculating the
size of the Universe by themselves. In
the afternoon, the three hosts jointly
organized a panel discussion among
female researchers as panelists. The
participants also enjoyed conversations
over tea during the break. This event
was a good opportunity for the
participants to get a sense of the
appeal of research and of the life of a
researcher.

IPMU Director Murayama Gave
a Public Lecture in SpaceExpo
“SORAHAKU 2010”
SpaceExpo “SORAHAKU 2010" was
held from October 29-31, 2010, at the

Science Museum located in Kitanomaru

Park, near the Imperial Palace in Tokyo,
and IPMU Director Hitoshi Murayama
gave a public lecture entitled “Will the
Universe Ever End?” on October 31.
The aim of this event was to inspire
the hopes, dreams, and curiosity of
children for a new era of science
and technology, by relating two
different fields of study—Astronomy
and Environmental Energy. A total
of 31,627 people visited SORAHAKU
2010 over three days.

4th IPMU-ICRR Joint Public
Lecture: “Travelling the Universe”
On October 14, 2010, the fourth

IPMU-ICRR (Institute for Cosmic Ray
Research) joint public lecture entitled
“Travelling the Universe” was held at
the Koshiba Hall on the Hongo Campus
of the University of Tokyo, with an
audience of about 130 people. IPMU
Associate Professor Shinji Mukohyama
gave a lecture entitled “The Universe
beyond Four Dimensions,” and ICRR
Assistant Professor Hiroko Miyahara
gave a lecture entitled “Climate of the
Universe and Climate of the Earth.”
After the lectures, there was a long
discussion session between the two
lecturers and the audience in which
many audience members ardently
asked many questions, which the
lecturers answered.

IPMU Participates in Science
Agora 2010

Science Agora 2010 was held
from November 11-21, 2010 at
the Tokyo International Exchange
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Japanese play by IPMU’s
foreign researchers.
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Center in Tokyo Academic Park in the
Tokyo’s waterfront region, Odaiba.

It is an open "place of assembly,"
where science catalyzes interaction
and stimulates discussion among
participants with diverse backgrounds.
In this event, the five WPI centers,
including the IPMU, and Japan Society
for Promotion of Science (JSPS) jointly
organized a workshop entitled “Let’s
Think Together about Japan’s Future
Strategy,” on November 20. Yuichi
Takayanagi, Director of Tamarokuto
Science Center, served as a facilitator,
and four panelists well versed in the
arenas of science in the world made
presentations and discussion about
what are needed now for the sake of
Japan’s future science and technology.
Questions from the audience were
taken into account in the discussion.

The SuMIRe Web Site Opened

The web site http:/sumire.ipmu.jp/
has been launched in order to publicize
the purposes, outcomes, and the like of
the “SuMIRe (Subaru Measurement of
Images and Redshifts)” project. IPMU
Director Hitoshi Murayama is the core
researcher of this project—one of the
30 research projects selected by CSTP
(Council for S&T Policy, Cabinet Office
of Japanese Government) last year and
supported by FIRST (Funding Program
for World-Leading Innovative R&D on
Science and Technology), see IPMU
NEWS No. 10, page 20.

The 25th Nishinomiya-Yukawa
Memorial Prize Awarded to
Eiichiro Komatsu

Eiichiro Komatsu, Professor of
Astronomy at the University of Texas
at Austin and IPMU Joint Senior
Scientist, was awarded the 25th
Nishinomiya-Yukawa Memorial Prize
for “Critical Tests of Theory of the Early
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Universe Using the Cosmic Microwave
Background Radiation.” He contributed
in constraining the cosmology
parameters such as the age of the
universe and dark energy, and thus
the models of the early universe such
as the inflation universe model using
NASA's WMAP satellite. The award
ceremony was held on November 4 at
the Nishinomiya City Hall.

Tadashi Takayanagi Receives 2010
Yukawa-Kimura Prize

The Yukawa Memorial Foundation
announced that this year’s (4th)
Toshiei Kimura Theoretical Physics
Prize (Yukawa-Kimura Prize) has
been awarded to IPMU Associate
Professor Tadashi Takayanagi for his
research on “Holography and Tachyon
Condensation in Superstring Theory.”
His achievements in an exactly solvable
matrix model for two-dimensional
superstring, holographic calculations
of entanglement entropy, and
descriptions of tachyon condensations
in superstring theory have been
recognized by the award selection
committee. The award ceremony will
be held on January 19 at the Yukawa
Institute for Theoretical Physics.

IPMU Senior Scientist Toshiyuki
Kobayashi Awarded Inoue Science
Prize
Toshiyuki Kobayashi, Professor at

the Graduate School of Mathematical
Sciences, the University of Tokyo, and
IPMU Senior Scientist, won the 27th
Inoue Science Prize for his contribution
to the "analysis of infinite-dimensional
symmetries.” His outstanding
achievements in the creation of a
discontinuous group theory that

goes beyond the framework of
Riemann geometry, the invention of

a fundamental theory of a discrete
branching rule in the representation
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theory in infinite dimensions, and the
original contributions in anomalous
unitary representation and non-
commutative harmonic analysis, have
been recognized as having significant
impacts in many areas of mathematics
and leading to the creation of new
research areas. The award ceremony
will be held on February 4, 2011.

Fuminobu Takahashi Receives
2011 PSJ Young Scientist Award

IPMU Assistant Professor Fuminobu
Takahashi won the 5th Young Scientist
Award of the Physical Society of Japan.
He was selected as an award recipient
in the division of cosmic-ray physics
and astrophysics for his three articles,
“Gravitino Overproduction in Inflaton
Decay,” “The Gravitino Overproduction
Problem in the Inflationary Universe,”
and “Inflaton Decay in Supergravity.”
The award ceremony will be held on
March 25, 2011 at the PSJ 2011 Annual
Meeting.

An Article by Orland and Reffert
Selected for the Highlights of
2009 and 2010 of Classical and
Quantum Gravity

The Editorial Board of Classical and
Quantum Gravity (CQG) selected
the article “The renormalizability of
Horava-Lifshitz-type gravities™ by
IPMU postdoctoral fellows Domenico
Orlando and Susanne Reffert (http://
herald.iop.org/CQG/m176/jip/
link/4076) as one of the journal's
Highlights of 2009 and 2010. CQG is
an established journal for physicists,
mathematicians, and cosmologists in
the fields of gravitation and the theory
of spacetime. The subject of their
recognition is exactly what the IPMU
emphasizes, namely, that a fusion of
physics and mathematics is the key to
solving the mysteries of the universe.



The President’s Council of the
University of Tokyo Visits IPMU

The President’s Council of the
University of Tokyo aims at receiving
advice and support from world
leaders in various fields to help
increase the global prominence of
The University of Tokyo. The Council
members have diverse cultural and
career backgrounds, representing 15
nationalities.

On November 19, 2010, President
Hamada and nine members had a
Council meeting on the Kashiwa
campus, and after the meeting,
members visited IPMU. They listened
to Director Murayama’s presentation
about the outline of IPMU and had
an informal discussion with IPMU
researchers.

The IPMU Director’s Book “What Is
the Universe Made of?” Sells Well
A Japanese publishing company,
Gentosha, Inc, published IPMU Director
Murayama’s book written for the
layman, “What Is the Universe Made
of?—Solving the Mystery of the
Universe with Particle Physics.” It is an
introduction to particle cosmology,
addressing such questions as “How
did the universe begin?” “Why do we
exist at all?” and “What is the fate
of the universe?” from the viewpoint
of particle physics. As of this writing,
at the end of December 2010, more
than 220,000 copies of the book
have been sold. Director Murayama
donates all the proceeds from the sales
of this book to IPMU in support of its
activities.

Santa Claus Family is Coming to
Dongri from IPMU

Following last year’s visit, IPMU
Professor Mark Vagins visited Donguri
Nursery School on the Kashiwa campus
again this year. He was accompanied
this year not only by his wife Michiyo,
but also their 6-month-old son Isaac,
all dressed up in a Christmas costume.
They handed presents to the children
and sang songs with them. The
children were delighted at the magical
moment with the Santa Claus family.

Focus Week on String Cosmology

A workshop entitled “Focus Week
on String Cosmology” was held at
IPMU from October 4-8, 2010. String
cosmology is cosmology based on the
superstring theory, a strong candidate
as the ultimate theory. Various topics
such as the beginning of the universe,
the origin of cosmic inflation and
observability in the cosmic microwave
background were discussed.

Workshop:
The Observational Pursuit of Dark
Energy after Astro2010

The goal of this conference, held
at Caltech from October 7-8, 2010,
was to have a timely discussion on the
optimum way forward in developing
various dark energy probes in light
of the recommendations of the US
National Academy of Sciences Decadal
Survey "Astro2010," the report of
which was released on August 13,
2010. Discussions were made on
current, imminent, and planned ground-

and space-based programs exploiting
the various techniques to constrain
dark energy, in a convivial atmosphere
made possible in the Hameetman
Auditorium of the recently-completed
Cahill Center for Astronomy and
Astrophysics at Caltech.

Workshop:

The Evolution of Massive Galaxies
and Their AGNs with the SDSS-III/
BOSS Survey

The IPMU is a member institute of

the SDSS-III/BOSS collaboration which
is carrying out a massive spectroscopic
survey of distant galaxies. This
workshop, held at IPMU from October
25-28, 2010, brought together
individuals from the BOSS community
with a strong interest in studies of
luminous galaxies and/or AGNs. There
were fruitful discussions on topics
ranging from the observational strategy
and data analysis to scientific results
based on the early data and future
collaboration. Participants also enjoyed
a Yakata-Bune (Japanese houseboat)
cruise on the Tokyo Bay.

Mini Workshop on Neutrinos

Although neutrinos have been
studied extensively in the past, the
neutrino remains one of the least
understood particles. In particular, it
may be related to the origin of matter
and physics beyond the standard
model. The purpose of this meeting,
held at the IPMU from November
8-11, 2010, was to review the
current experimental and theoretical
understandings of neutrinos and
exchange ideas and opinions. Three
theorists and five experimentalists were
invited and active discussions were
held on the recent hot topics in this
field.
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Workshop on Population Il
Gamma-Ray Burst

On November 15, 2010, ten
astrophysicists gathered together at
the IPMU to discuss prospects for
detecting high-redshift gamma-ray
bursts (GRBs). The farthest known GRB
is located at z=8.2, when the universe
was just 600 million years after the Big
Bang. Planned satellites are expected
to detect many such high-z GRBs.

At the meeting, the spectral energy
distribution from radio to X-ray bands
was discussed.

Workshop:
Supernova Explosions and
Nucleosynthesis

The Origin of Matter and Evolution
of the Galaxies (OMEG) Institute is a
lecture series for nuclear astrophysics
held by the Japan Forum of Nuclear
Astrophysics. The 4th OMEG
institute on “Supernova Explosions
and Nucleosynthesis” was hosted
by the IPMU on December 1, 2010.
Two lectures were presented. Dr
Christian D. Ott from Caltech gave a
lecture on state-of-the-art computer
simulations of supernova explosions,
and Professor Friedrich-K. Thielemann
provided a lecture on heavy elements

nucleosynthesis beyond the iron-group.

Future Workshop:
IPMU Workshop on Black Holes

The "IPMU Workshop on Black Holes"
will be held at IPMU from February 21—
25, 2011. Black holes are the hot topic
in a broad range of research fields, from
astronomical observations to theoretical
calculations in string theory and loop
quantum gravity. It is now timely
to bring together people with very
different backgrounds to encourage
interdisciplinary discussions, looking for
new ideas and collaborations, and the
workshop will address this necessity.
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IPMU Seminars

1. “Cosmological Aspects in Direct
Gauge Mediation”
Speaker: Yutaka Ookouchi (IPMU)
Date: Sep 22, 2010

2. “Adiscrete approach to halo and
galaxy clustering”
Speaker: Vincent Desjacques (ITP
Zurich)
Date: Sep 24, 2010

3. “Quivers from Matrix
Factorizations”
Speaker: David Morrison (UC Santa
Barbara/IPMU)
Date: Sep 27,2010

4. “Gauge theories and matrix
models”
Speaker: Robbert Dijkgraaf
(University of Amsterdam)
Date: Oct 01, 2010

5. “Lectures on the Bethe Ansatz: the
physical system and the original
Bethe solution for the XXX1/2 spin
chain”
Speaker: Domenico Orlando (IPMU)
Date: Oct 01, 2010

6. “Dimer models and
noncommutative crepant
resolutions”
Speaker: Nathan Broomhead
(Leibniz University)
Date: Oct 04, 2010

7. “Non-perturbative predictions
of stochastic inflation and their
dependence of initial conditions”
Speaker: Alexei A. Starobinsky
(Landau Institute)
Date: Oct 07, 2010

8. “Lectures on the Bethe Ansatz: the
Algebraic Bethe Ansatz for XXX1/2
spin chain”
Speaker: Domenico Orlando (IPMU)
Date: Oct 08, 2010

9. “Supergravity and string vacua in
six dimensions”
Speaker: Washington Taylor (MIT)
Date: Oct 12,2010
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. “General Gauge Mediation at the
Tevatron and LHC”
Speaker: David Shih (IAS)
Date: Oct 13, 2010

. “New Puzzles in Supermassive

Black Hole Evolution”
Speaker: Charles Steinhardt (IPMU)
Date: Oct 14, 2010
. “Quivers, Non-Commutative
Geometry, and AdS/CFT"
Speaker: Richard Eager (UC Santa
Barbara)
Date: Oct 14, 2010
. “The magnetized universe via
CMB”
Speaker: Yifung (Bess) Ng (Case
Western Reserve University)
Date: Oct 14, 2010
. “Gromov-Witten invariants
and reperesentations of infinite
dimensional Lie algebras”
Speaker: Todor Milanov (IPMU)
Date: Oct 19, 2010
. “The expanding Universe, PCA and
supernova: an attempt to avoid
dark energy parameterizations”
Speaker: Emille Ishida (IPMU)
Date: Oct 19, 2010
. “The Magnetized Universe”
Speaker: Rafael da Silva de Souza
(IPMU)
Date: Oct 21, 2010
. “Nuclear Matrix Model”
Speaker: Koji Hashimoto (Riken)
Date: Oct 26, 2010
. “Luminous Dark Matter”
Speaker: Brian Feldstein (IPMU)
Date: Oct 28, 2010
. “Fefferman’s program on
conformal geometry and the Green
functions of the conformal powers
of the Laplacian”
Speaker: Raphael Ponge (The
University of Tokyo)
Date: Oct 28, 2010
“Searching for binary supermassive
black holes: from tens of kpc to
sub-pc scales”
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26.

27.

28.

29.

30.

Speaker: Yue Shen (CfA)

Date: Nov 01, 2010

“Inflation, reheating and flat
direction preheating”

Speaker: Ahmet Emir
Gumrukcuoglu (IPMU)

Date: Nov 04, 2010

“Physical processes on stellar
dynamics (relaxation, dynamical
friction, phase-space consistency,
etc”

Speaker: Luca Ciotti (Bologna)
Date: Nov 04, 2010

“Tidal fields, stellar escape from
galaxies in clusters”

Speaker: Luca Ciotti (Bologna)
Date: Nov 05, 2010

“Lectures on the Bethe Ansatz: the
physical spectrum for the XXX1/2
spin chain”

Speaker: Domenico Orlando (IPMU)
Date: Nov 05, 2010
“Hydrodynamics, Holographic
Optics and Negative Refractive
Index”

Speaker: Davide Forcella (ENS)
Date: Nov 09, 2010

“Five Founding Questions of IPMU”
Speaker: Hitoshi Murayama (IPMU)
Date: Nov 11, 2010

“Lectures on the Bethe Ansatz:
the XXZ spin chain and the SL(2)q
quantum symmetry”

Speaker: Domenico Orlando (IPMU)
Date: Nov 12, 2010

“D-Brane Superpotentials: A
Worldsheet Perspective”

Speaker: Marco Baumgartl (LMU,
Munich)

Date: Nov 15, 2010

“String-Loop Corrections to c-a”
Speaker: Ruben Minasian (CEA/
Saclay)

Date: Nov 16, 2010

“Lefschetz trace formula and

the l-adic cohnomology of the
Rapoport-Zink spaces”

Speaker: Yoichi Mieda (Kyushu
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32.

33

34.

35.

36.

37.

38.

39.

40.

University)
Date: Nov 16, 2010

“The theory of arithmetic
D-modules and characteristic
cycles”
Speaker: Tomoyuki Abe (The
University of Tokyo)
Date: Nov 17, 2010

“The galileon”
Speaker: Enrico Trincherini (SISSA,
Trieste)
Date: Nov 18, 2010
“Suoersymmetric TA3 Fibrations”
Speaker: David Morrison (UC Santa
Barbara)
Date: Nov 18, 2010

“Mirror Symmetry for Minuscule
Varieties”
Speaker: Alexey Bondal (IPMU/
Aberdeen)
Date: Nov 19, 2010

“Lectures on the Bethe Ansatz:
recent developments”
Speaker: Domenico Orlando (IPMU)
Date: Nov 19, 2010

“Surface Operators and Wall
Crossing”
Speaker: Sergei Gukov (Caltech)
Date: Nov 19, 2010

“Local B-model and mixed Hodge
structure”
Speaker: Yukiko Konishi (Kyoto
University)

Date: Nov 22, 2010
“Measurement of large scale
fluctuation of CMB induced by
large scale structure”
Speaker: Atsushi Nishizawa (IPMU)
Date: Nov 25, 2010

“Dilogarithm identities in CFT and
cluster algebras”
Speaker: Tomoki Nakanishi (Nagoya
University)

Date: Nov 25, 2010

“Calabi-Yau triangulated
categories and Cluster tilting”
Speaker: Osamu lyama (Nagoya
University)

41.

42.

Date: Nov 29, 2010

“Calabi-Yau triangulated
categories and Cluster tilting”
Speaker: Osamu lyama (Nagoya
University)

Date: Nov 30, 2010

“Gerbes and Topological Actions in
Field Theory”
Speaker: Krzysztof Gawedzki (ENS-
Lyon)

Date: Nov 30, 2010

IPMU Komaba Seminars

1.

“Quasi-modular forms and
Gromov-Witten theory of elliptic
orbifold PA1”

Speaker: Todor Milanov (IPMU)
Date: Oct 18,2010

“Hamiltonian torus actions on
orbifolds and orbifold-GKM
theorem” (joint work with T. Holm)
Speaker: Tomoo Matsumura
(Cornell University)

Date: Nov 26, 2010

“Borcherds products in monstrous
moonshine”

Speaker: Scott Carnahan (IPMU)
Date: Nov 29, 2010

Personnel Changes

Damien Easson, previously an

IPMU postdoctoral fellow, has taken
a position as an Assistant Professor
at Arizona State University. He was
at the IPMU from August 8, 2008 to
December 15, 2010.

Also, Marcos Valdes, who was at the
IPMU between November 13, 2008 and
November 13, 2010, under the auspices
of the JSPS’s Postdoctoral Fellowship
for Foreign Researchers, moved to the
Scuola Normale Superiore di Pisa in
Italy as a postdoctoral fellow.
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Q-ball

Masahiro Kawasaki

Professor of the Institute for Cosmic Ray Research at the University of Tokyo
and IPMU Senior Scientist

A Q-ball is a non-topological soliton solution which exists in theories of scalar
field with global U(1) symmetry. As the name indicates, it is a spherical object
with some conserved charge Q. The Q-ball has attracted much attention
since it was found in the late 1990s that Q-balls exist in the supersymmetric
standard model of particle physics and they can be produced in abundance
in the early universe. In this case, Q-balls have a baryon and/or lepton
number, as conserved charge, and are closely related to the matter-antimatter
asymmetry of the universe. Q-balls can also account for the dark matter of

our universe.
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