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Masayuki Nakahata is a professor at the Institute for Cosmic Ray
Research (ICRR), the University of Tokyo, and a principal investigator at
the IPMU. He is a leading scientist in the fields of neutrino astronomy and
neutrino physics. He received 2001 Nishina Memorial Prize with Yoichiro
Suzuki, and 2008 Inoue Prize for Science. He received his Ph.D. at the
University of Tokyo in 1988. He became a research associate in 1989, an
associate professor in 1995, and professor in 2003, at ICRR, the University
of Tokyo.
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Director’s Corner

Moving to a New Country

When | moved to Berkeley, California, | had to find
a place to live, obtain the social security number, open
bank accounts, learn where to shop groceries, buy
furniture including a crib for our new-born second
child, and learn how to file tax returns. To buy a car,
| went through classified ads on a local newspaper,
ended up with a family of Afghan refugees who didn’t
trust my travelers' cheques. Even though | did speak
English fine, | was struck by the differences in systems,
customs, lifestyles, and had difficulty getting engaged
in rapid-fire lunchtime conversations on movies and
politics at workplace.

After arriving in IPMU, | had difficulties settling in
Japan. My credit card application was denied because
| hadn't had any income in Japan the previous year. |
couldn’'t buy a cell phone because | didn’t have a local
address or landline. People laugh at the way | speak
because apparently | sounded like a cheap translation
of an English novel. And most importantly, | didn't
know how to do business in Japan and hit numerous
roadblocks. On the other hand, | was amazed how
safe and clean Japan was and how reliably public
transportation worked.

At IPMU, we do everything we can to make the
relocation easy. We built an extensive website to
provide information about logistics. Our staffs in
International Relations, Secretariat, and others go over
incredible lengths to help newcomers feel at home

and start working as soon after they arrive. When

Director of IPMU
Hitoshi Murayama

one of my Berkeley students was severely injured in
an accident, they put enormous effort to help him
recover (and he is now completely fine and assumed
a postdoc position in the US). In this volume, you

can read about how the Japanese classes taught by
Masami Nishikawa are fun and useful. It is especially
stressful for spouses who look for jobs, as you see by
reading experience of Julia Freedman, and I'm happy |
could help her to some extent. And there are so much

effort going on behind the scenes you don't read

about. I'm very proud of our staffs!

Director’s
Corner
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Principal Investigator MasayUki Nakahata

Research Area: Experimental Physics

Supernova Explosions and Neutrinos

When and ‘where were the elements
created?

A variety of different elements exist around
us. Human bodies contain oxygen, carbon, and
hydrogen as their principal components. The main
components of the Earth are believed to be iron,
oxygen, silicon, and magnesium. Gold and silver are
among those elements known as precious metals.
Uranium is used in power reactors for generating
electricity. When and where in the history of the
universe were these elements created?

Recent high-sensitivity observations of the
universe have shed light on how the universe
began. The universe began in a fireball called
the Big Bang 13.7 billion years ago. The fireball
was a lump of energy that created particles and
antiparticles (quarks and antiquarks, electrons and
positrons, and so on). Through a certain mechanism,
antiparticles disappeared and particles remained,
and the elements were synthesized from quarks and
electrons. Did the Big Bang synthesize the different
kinds of elements around us? The universe has been
expanding since the Big Bang. Nucleosynthesis at
the Big Bang was a competing process with this
expansion. Unfortunately, because the speed of
expansion was very fast, only hydrogen, helium, and
a tiny amount of lithium were created, and elements
with heavier mass could not be formed.

Nuclear fusion reactions are needed to create
heavier elements from hydrogen and helium. At
the center of the Sun, nuclear fusion reactions
do take place, but there the temperature is about
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Figure 1: Inside a heavy star just before a supernova explosion.

10’ degrees and the density is about 150 g/cm’.
Nuclear fusion reactions at these temperatures
produce helium from hydrogen, and it is difficult to
produce elements heavier than helium. Inside stars
that are ten or more times heavier than the Sun, an
environment with much higher temperatures and
densities can be created. At a temperature as high
as 10° degrees and a density as high as 10* g/cm’, a
nuclear fusion reaction of three helium atoms into
a carbon atom takes place. At temperatures as high
as 10° degrees and densities as high as 10° g/cm’, it
becomes possible to produce oxygen, neon, sodium,
magnesium, etc. from nuclear fusion reactions of
carbon nuclei. At still higher temperatures and
densities, silicon is produced from oxygen, and iron,
cobalt, nickel, and other elements are produced
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Figure 2: The supernova explosion in the Large Magellanic Cloud in 1987. Photo: before (right) and after (left) the explosion.
©1989-2010, Australian Astronomical Observatory, photograph by David Malin.

from silicon. When a star reaches this point, it has
the onion-like inner structure shown in Fig. 1: a

core mainly comprising iron is formed at the center,
and outward from the core are formed layers of
silicon, oxygen, helium, and hydrogen. Nuclear
fusion reactions cease at this point. This is because
iron nuclei have the largest binding energy (this
means that protons and neutrons are most densely
packed in the iron nucleus), and therefore no
further thermal nuclear fusion reactions are possible
beyond iron. (Incidentally, nuclear fusion reactions
proceed rapidly in these heavy stars. These onion-
like structures are formed in about 10 million years.
It can be seen that the lifetimes of these heavy stars
are very short compared with the present age of our
Sun, which is 4.6 billion years.) However, now the
stellar core undergoes an interesting phenomenon.
As energy flows out from the core, it shrinks, and

its temperature increases. Above approximately 5x
10° degrees, iron become unstable because of the

endothermic reaction, which disintegrates the iron
nucleus into helium nuclei *°Fe + y — 13*He + 4n -
124.4 MeV). Then, electron captures (referring to the
neutronization of protons both inside and outside
the nuclei: e + p — v, + n) occur in association with
an increase in the density and emission of neutrinos.
This leads to the formation of a neutron star (or
black hole), which is a stellar object with a very high
density (10" g/cm’) comparable to that of nuclei.
Even the mass of the Sun is compactly packed within
a size of about 10 km. This marks the beginning of
a supernova explosion.” Since the potential energy
of an object is inversely proportional to its size,
tremendous energy is produced by the formation

of this compact star. Part of the energy is used to

* Supernova explosions are classified using a spectrum of optical observations
into the la-type (without a hydrogen line, but with a silicon line), the Ib-
type (without a hydrogen line, but with a helium line), the Ic-type (without
hydrogen, silicon, or helium lines), and Il-type (with a hydrogen line). It is
thought that the la-type supernovae are due to the explosive burning of
carbon white dwarfs, while the Ib, Ic, and II-types are the result of the
gravitational collapse of the central core.
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produce a shockwave, which leads to the explosion
of the star. The shockwave blows out the star’s
outer layers. This causes a very rapid increase in
local temperatures and pressures, leading to very
rapid nuclear reactions taking place in an extremely
short period. Heavy elements such as gold, silver,
and uranium are synthesized through these

nuclear reactions. Supernova explosions disperse
the elements inside the star out into space. These
dispersed elements begin to coalesce due to gravity,
leading to the birth of new stellar objects. Both the
Sun and the Earth were formed as a result of these
processes.

The above scenario is depicted on the basis of
astrophysics and nuclear physics, and its verification
required observation of a supernova explosion. | will
discuss these observations next.

Observing supernova neutrinos

The energy released from a supernova explosion,
which is the source of various kinds of elements,
is estimated to be more than 10°® joules. This is
equivalent to several hundred times the total energy
radiated from the Sun since its birth, showing just
how enormous it is. Neutrinos carry almost all (about

Figure 3: The neutrino events detected by the Kamiokande,
IMB, and Baksan experiments.

99%) of this energy out of the star. This is because
they interact weakly with matter, and therefore they
can pass through the high-density inner layers of
the star. In 1987, an event occurred that verified the
scenario of the supernova explosion.

On February 23, 1987, the Kamiokande
experiment and the Irvine-Michigan-Brookhaven
(IMB) experiment detected a neutrino burst
associated with Supernova SN1987A. Kamiokande
was a detector built in 1983, located in the town
of Kamioka, Gifu Prefecture in Japan, 1000 m
underground in the Kamioka mine. It was a 3,000-
ton water tank equipped with 948 photomultipliers,
each 50 cm in diameter. The IMB experiment had
a 7,000-ton detector built 600 m underground
in the Morton salt mine in Ohio, USA. It featured
2,048 photomultipliers, each 20 cm in diameter.

This supernova explosion occurred in the Large
Magellanic Cloud, 170,000 light years away. Fig. 2
shows the optical observation of SN1987A.

Fig. 3 shows the neutrino events detected by the
Kamiokande, IMB, and Baksan experiments. (This last
experiment reported the observation at a later date.)
Kamiokande, IMB, and Baksan observed eleven,
eight, and five neutrinos, respectively. As can be
seen from the range of the horizontal axis, neutrinos
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Figure 4: The event rates at Super-Kamiokande are predicted by several
simulations of the supernova explosion. They are plotted as a function of
time up to 0.3 seconds after explosion. The distance to the supernova is
assumed to be that to the galactic center (approx. 33,000 light years).

were emitted in only 10 seconds. This means that
the central core collapses gravitationally in only
about 10 seconds. In contrast, it takes several hours
for light to arrive outside the star, having to wait
until the outer layers of the star are blown out by
the shock waves generated by the explosion. In fact,
it was about three hours after the neutrino emission
that the increase in the luminosity of SN1987A was
observed.

Although only 24 neutrino events in total were
observed by Kamiokande, IMB, and Baksan, the
energy released from the supernova explosion was
estimated from the number of events and their
energies. It was nearly consistent with the expected
value (approx. 3x10* joules).

Future observations and investigation
of the explosion mechanism

Although the observations of neutrinos from
SN1987A showed the validity of the basic scenario
of the supernova explosion, the detailed mechanism
of the explosion is not yet clear. Several groups
around the world are trying to explode supernovae
in computer simulations. As yet, they have not been
successful with exploding stars, though their input
information is accurate. It seems that the present

8180
S160|
N
5140
§120
100}

40
20

Totani et al. (1998)
Thompson et al. (2003)

Buras et al. (2006) s112_128 _f

Sumiyoshi et al.(2005) Shen EOS ]
Liebendorfer et al.(2005) VERTEX

0 0.050.1 0.15 0.2 0.25 0.3
Time (sec)

simulations are missing some physical processes.
To solve these problems, it is necessary to examine
the explosions more closely by detecting many
more supernova neutrinos. If a supernova explosion
occurs in our galaxy, the 50,000-ton detector Super-
Kamiokande (SK) would detect nearly 10,000
events. Fig. 4 shows the event rate in SK, predicted
by several simulations, as a function of time up to
0.3 seconds after the explosion. The distance to
the supernova is assumed to be that to the galactic
center (about 33,000 light years). The observation
of a precise time profile would make it possible to
identify which explosion model is correct.
High-density states formed in the supernova
explosion may provide new insights into elementary
particle physics. Although underground neutrino
observations have clarified neutrino oscillations,
a number of problems remain to be clarified:
the third oscillation mode, hierarchical structure
of the neutrino masses, and others. In the high-
density core, it may be possible that neutrinos
appreciably oscillate because of the effects of
neutrino oscillations in matter (MSW effects), even
though the mixing angles are small. So, it might be
possible for the unknown oscillation parameters to
be determined using the spectrum of the supernova
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neutrinos.

It is said that supernova explosions occur in our
galaxy once every 30 to 50 years. We are hoping
that an explosion will occur in the near future, to
provide us with a rich source of information.

Probing the history of the universe
with supernova neutrinos

There are about 10° galaxies in our universe.
Each galaxy has about 10" stars. Since about 0.3%
of the stars have masses larger than ten times the
mass of our Sun, it is estimated that 10" supernova
explosions have occurred throughout the history
of the universe. This means that, on average,
one supernova explosion occurs every second
somewhere in the universe. The neutrinos produced
in the supernova explosions since the beginning of
the universe are called supernova relic neutrinos
(SRN). They must fill the present universe and their
flux is estimated to be a few times 10 cm®/sec. If
we can detect these neutrinos, it may be possible
to explore the history of how heavy elements
have been synthesized since the beginning of the
universe.

Fig. 5 shows the kinds of neutrinos arriving at
the Earth’s surface. The colored curves are the

8 IPMU News No. 11

Figure 5: Energy spectra of various neutrinos striking the Earth’s surface.
The colored curves show the SRN spectra predicted by various models.

SRN spectra predicted by various models. On the
lower energy side there are neutrinos from power
reactors and neutrinos from the Sun, and on the
higher energy side there are neutrinos which

are produced by cosmic rays in the atmosphere.
However, around 20 MeV, the SRN are believed

to represent the main component. Note that

solar neutrinos are particle neutrinos, while other
neutrinos are electron antineutrinos. Consequently,
if we can detect electron antineutrinos, we can

see SRN in a range of approximately 10 — 30 MeV.
We have begun the R&D necessary to enable SRN
to be observed in Super-Kamiokande. Specifically,

a material called gadolinium is dissolved (0.1% by
mass) in a water tank, with the object of detecting
electron antineutrinos with positrons and gamma
rays as signatures. From the reaction of an electron
antineutrino on a proton, a positron and a neutron
are produced, and gamma rays are emitted from the
subsequent capture of the neutron by gadolinium.
We are now at the testing stage, but once the
experiment gets fully underway, a few signal events
should be detected every year. Supernova neutrinos
should provide us with a new way of looking at the
universe.
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Our Team

Todor Milanov

IPMU Assistant Professor

The Korteweg-de Vries (KdV) equation is a
mathematical model of the motion of a wave in
shallow waters. It has been studied extensively from
a number of different perspectives. In particular, it
was discovered that KdV is a reduction of a more
universal equation, known as the Kadomtsev-
Petviashvili (KP) equation. It turns out that the
solutions of KP can be parameterized by the points of
an infinite Grassmanian. The latter is a central object
in both geometry and representation theory. | am
deeply impressed by the unity of seemingly different
areas of mathematics on one side and nature on the
other.

At the end of the 20th century it was discovered
that the KdV equation governs the amplitudes of
string motions in a vacuum. | have been interested

Scott Carnahan

Postdoc

Research Area: Mathematics

My research is primarily concerned with the
mathematics of Monstrous Moonshine. This field
of study was initiated by apparent connections
between the theory of modular functions and the
representation theory of the monster simple group.
My recent work has concerned the construction of
automorphic functions using generalized Kac-Moody
Lie algebras, applications of logarithmic algebraic
geometry to the theory of vertex algebras, and

Research Area: Mathematics

in finding other equations, similar to KdV, which
characterize the string amplitudes in more
interesting spaces that have non-trivial topologies.
More precisely, | am using complex geometry and
representation theory to obtain a characterization
of the string amplitudes. It seems that there are
some new geometrical objects, as well as some
new representation theories, that are still awaiting
discovery.

guestions about category-theoretic structures in field
theory.

Our Team



Rafael Da Silva De Souza

Postdoc

| am interested in all aspects involved in the
formation and evolution of structures in the universe
as well as cosmic magnetic fields. I've been working
with the origin of magnetic fields in the early
Universe, GRBs, pulsars, galaxies and clusters of
galaxies. Now | am working with the evolution of
dark matter profiles in dwarf galaxies. During my
stay at IPMU, | will focus on challenges related to the
formation of the first stars.

Jason Evans

Postdoc

Research Area: Theoretical Physics

My research is in the area of high energy particle
physics; more specifically, phenomenology and
model building. | am interested in finding models
that can naturally explain things such as the hierarchy
problem. A great example of this is supersymmetry,
which in addition to solving the hierarchy problem,
also is suggestive of grand unification. | am also
interested in examining possible collider signatures
for these types of models. Because most models
that explain the hierarchy problem are at the TeV

Brian Feldstein

Postdoc

Generally my research interests have focused on
particle physics beyond the standard model, with
a lot of my recent work having dealt with various
aspects of dark matter. | have worked on a variety
of scenarios which attempt to explain a possible
origin for the mysterious signature of dark matter
interactions reported by the DAMA experiment.
| have also studied the possibility of dark matter
decaying to anti-neutrinos, as an indicator that dark
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Research Area: Astrophysics

Research Area: Theoretical Physics

scale, they should be testable at the LHC. Although
supersymmetry is my primary focus, | am interested
in any beyond the standard model physics which

is testable at the LHC and/or in astrophysical
observations.

matter shares in the matter/anti-matter asymmetry
of ordinary baryons and leptons.
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Emille Ishida

Postdoc

Research Area: Cosmology

The use of supernovae in cosmological contexts
has been in the spotlight for a couple of decades
now. My first interest in these objects was to
investigate their ability to provide cosmological
insights. Consequently, | have been working on type
la supernovae as standard candles: their observational
and statistical challenges. | am also interested in any
kind of astrophysical feedback due to supernovae,
such as their influence on the dark matter profile of

Atsushi Nishizawa

Postdoc

Research Area: Astronomy

| have studied the biggest mystery in the Universe,
dark energy. Recent results of cosmic microwave
background radiation, or type la supernovae,
suggest that the present Universe is expanding at
an accelerating rate. The source of this expansion is
thought to be the anti-gravity-like behavior of dark
energy. | try to find out what dark energy is via a
gravitational lens effect, which is a next-generation
project using the Subaru telescope.

Yutaka Ookouchi

Postdoc

Supersymmetry is fascinating. Not only because
it is symmetry possessed by string theory, but
also because there are many phenomenologically
attractive features in supersymmetric models.
Discoveries are also expected at the Large Hadron
Collider.

The 1990s brought a revolution, which gives us
a technique to control a strongly coupled theory.
In a strongly coupled region, it is believed that rich

Research Area: Theoretical Physics

dwarf galaxies.

physics should exist. | am very interested in applying
this progress to realistic model building and to the
understanding of confinement in QCD.

Our Team



Cornelius Schmidt-Colinet

Postdoc

To date, | have been working on topics in two-
dimensional conformal field theories. These
theories are covariant under local angle-preserving
transformations. They play a role in statistical
mechanics and in string theory. | have been interested
in conformal field theories defined on a surface
with a boundary; in string theory, this describes an
excitation of a D-brane. There are situations in which
the conformal symmetry is slightly broken, and the
theory is subject to change under renormalization.

Charles Steinhardt

Postdoc

Research Area: Astronomy

My research is inspired by astrophysical
phenomena whose explanation has been cast
into doubt, either by new theoretical ideas or new
observations. For example, my dissertation used a
combination of recent large quasar catalogs and
new techniques for estimating supermassive black
hole masses to reveal a surprising correlation in
quasar activity over cosmic distances that seems
incompatible with existing models for how the black

Research Area: Mathematics

Mircea Voineagu

Postdoc

My research focuses on (co)homological invariants
associated with complex and real algebraic varieties,
especially motivic and Lawson cohomology (with
their equivariant aspects) and Semi-topological
K-theory. These invariants are expected to hold a
great deal of information about smooth algebraic
varieties. My recent research was concerned with
applications and extensions of Milnor’s conjecture
(proved by V. Voevodsky) with an eye toward very
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Research Area: Theoretical Physics

The renormalization process is presumably related
to time-dependent processes in string theory, such
as the decay of D-branes or a change in space-time
itself. Here at IPMU, | intend to study topics in this
direction.

|

holes form. My other interests include dark matter,
dark energy and astrophysical measurements of
fundamental constants.

\!

new and intriguing conjecture of Suslin regarding a
possible partial description of morphic cohomology
with integer coefficients in terms of singular
cohomology.
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Special Contribution

Moving to Tokyo

Julia Friedman

Moving a family to a new country
is never an easy thing. It is even more
difficult when both spouses work
and there is pressure to find good
jobs for both. When my husband
received an offer from IPMU in the
winter of 2007-2008 we were very
excited at the prospect of living in
Tokyo, but there was still a question
of what | would do during the three
years we were to spend there. |
have a Ph.D. in Art History, but since
| do not speak Japanese the only
appropriate positions could be found
in the English-speaking programs
that offer History of Art in their
curriculum. Turned out, finding an

excellent job was not at all impossible.

Only a couple of months after my
husband accepted the IPMU offer a
colleague alerted me to an advert
for a full-time Assistant Professor
position at Waseda University's

School of International Liberal Studies.

Serendipitously, it was in my specialty

(modern art), so | immediately applied.

Still, because | could not be sure of a
favorable outcome for my application
| also left my CV at Temple University
Japan Campus while we were visiting
Tokyo in March of 2008. | knew that
even when schools do not advertise
for full-time positions, there is often a
need for adjunct faculty. This worked:
Temple’s Tyler School of Art program
needed someone to teach two
courses in my specialty and | started
teaching for Temple in September,
less than a month after we moved

to Tokyo. In October, | received an
interview invitation from Waseda
University and following the interview
was offered a full-time position. | have
been working there since. | think | was
quite lucky with landing these two
jobs so quickly, but it could be that
when there is a need for a specialist

in a particular field, a specialist who
can teach and research in English,

the competition is not as fierce as in
the English speaking countries simply
because there are fewer suitable
candidates. So, my impression is while
jobs are not advertised often, when
they do come up a qualified spouse
would have a good chance at securing
a position.

My experience as a parent has been
positive for the most part as well.
When we came to Tokyo our son
was five and a half and ready to start
his kindergarten year. We decided to
place him into an international school,
and after a long search settled on
Tokyo International School in Minato-
ku. While our son likes his school, if
you choose to put your children in an
international school you should be
aware of several potential problems.
First, the tuition is very high (typically
around two million yen annually).”
Second, you might have to commute
to school (in our case because we are
not on the school’s bus route our son
has to go by train, with one change,
and the trip is 45 minutes each way).
Third, if the child does not speak
Japanese, and you live in the area

Julia Friedman is Assistant Professor at Waseda
University, School of International Liberal
Studies. She is the wife of Dr. Damien Easson
(IPMU Postdoctoral Fellow).

with few English speakers you might
have a problem with play dates and
after school activities. On the other
hand, raising a child here is much less
stressful than back in the US because
Tokyo is very safe and people here
are very nice. Also, our son is enriched
by living in Japan and he is learning
about different cultures represented
by his very international classmates. |
have no doubt that it will have long-
term benefits for his education.

After spending two years in Tokyo
| can certainly say that moving here
was a good decision both personally
and professionally. The logistics of
our apartment search and all the
initial appointments were not at all
complicated or stressful because
of the generous help extended by
the IPMU office. My only regret is
that I did not have a chance to learn
Japanese. | was originally hoping to
take a six-week crash course, but with
all the teaching and research I do |
never had the six leisurely weeks |
needed. The inability to communicate
with people who do not speak English
is by far my biggest problem here, so
if you have some time to study before
you move, do so.

Special
Contribution

* According to the guideline of the WPI
Program, IPMU supports the entrance fee
and part of the tuition for researcher's
children to go to international schools.



Special Contribution

Japanese Lessons at IPMU: A Success Story

Zoltan Kunszt

Professor, Institute for Theoretical Physics, ETH Zurich

Alexander Kusenko

Professor, UCLA, and Senior Scientist, IPMU

Since its inception, IPMU has become a magnet
for scientists from around the world, because it
is arguably one of the most exciting places to do
physics and mathematics. However, there is another
reason why foreign scientists find it attractive to visit
IPMU. The opportunity to come to Japan and learn
about its fascinating culture makes the prospect
of working at IPMU even more appealing. While
all of the scientists speak the universal language of
mathematics, few foreign visitors have even a basic
knowledge of Japanese.

Obviously, one cannot fully experience the beauty
of Japanese culture without some basic language
skills. Fortunately, IPMU has provided foreign scientists

with an opportunity to take an intensive Japanese

language course. It is, however, hard to learn Japanese,

even for people who have the experience with several
languages. It is very fortunate that with Masami
Nishikawa, the course benefits from an outstanding,
creative, experienced, and dynamic instructor who
clearly understands the initial difficulties of learning
Japanese. She is very motivating. She has superb
teaching skills with a rigorous working style, and she
is very enthusiastic. She has a broad knowledge of the
diverse cultural backgrounds of her students, and it is
a great pleasure to attend her lectures.

Each two-hour class with Nishikawa-sensei is
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packed with different kinds of learning, including
new materials, oral exercises, rules of grammar, and
readings in the relatively easy hiragana and katakana
syllabaries. But she also finds time to prepare
introductory materials on the fascinating world

of kanji ideograms. The only thing that is missing

is the break. Actually, no one complains; indeed,

the material is so interesting and so well prepared,
that having to break in the middle would be a
disappointment. Some students, who are professors
of physics and mathematics in different universities
around the world, wish that their own students were
half as enthusiastic about their lectures!

The style of Nishikawa-sensei is to blur the
distinction between work and play, and to spice
up the learning with real-life examples, dialogues,
and specially prepared exercises. Her rigorous yet
enjoyable lectures help to dissolve the inhibitions that
students usually feel when they are first requested to
say something in a new language.

Nishikawa-sensei is able to connect the small
amount of Japanese that the students have learned
with local cultural events, Japanese historic moments,
tourist attractions, as well as Japanese culinary art
and delights. Most remarkably, she has adorned her
course with ... yes, a theatrical performance.

The production of Ryoma-den,”" written and
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From left to right: Masami Nishikawa, Jiayu Tang, Cornelius Schmidt-Colinet, Johanna Knapp, Alexander Kusenko, Lada Kirich, Marika Kunszt, Zoltan Kunszt

directed by Masami Nishikawa, involved all of the
current students and some volunteers who have
already finished the course. It was fitting that
Nishikawa-sensei’s script dealt with the historic
events that led to the development of stronger ties
between Japan and the rest of the world, since IPMU
is playing a similar role today by bringing together
scientists from Japan and other countries.

The script was excellent, and the cast was stellar,
even if not necessarily in terms of acting skills. It was
obvious that the actors were delivering their lines
with the fervor and passion of ... your typical physics
lecture. Still, though they may not have been Yoko
Maki** or Masaharu Fukuyama,” the actresses and
actors made such excellent use of swords and the
other props that the audience could only hope that
the swords were made of plastic (which all but one
of them were). More importantly, the actors made

excellent use of the vocabulary and grammar that

they had learned in Nishikawa-sensei’s class. The
play has also greatly benefited from the enthusiastic
support of the IPMU administration.

Each student who completes the demanding but
exciting course is given the opportunity to make a
public presentation in the Japanese language, after
which the successful graduate is presented with
a certificate signed by the IPMU Director and the
Instructor. Of course, this is but a small first step into
the boundless universe of Japanese language and
culture. Yet it is with a great deal of gratitude and
appreciation that the graduates of Nishikawa-sensei’s
course will remember their first Japanese lessons,
as they continue to improve and practice their
knowledge of Japanese on their future visits to IPMU
and Japan.

1 A parody of a Japanese TV NHK’s 2010 Sunday drama. Sakamoto Ryoma

(1836-1867) played a crucial role in the movement to overthrow a feudal

regime of Japan, the Tokugawa Shogunate, at the end of Edo era.

%2 An actress, playing the role of Ryoma’s wife O'Ryo in NHK’s Ryoma-den.
*3 A singer and actor, playing the role of Sakamoto Ryoma in NHK’s Ryoma-den.

Special
Contribution



IPMU Interview

with Toshihide Maskawa

My first paper was a Ph.D.
thesis

Sugimoto How are you? First
I'd like to ask
your graduate
student days.
Maskawa Well,
during those days at
Nagoya University,
graduate students who
were theoretically oriented
were not assigned to any
particular group. Instead, they
went around different theory
groups during the first year
or so. By the time they were
about ready to write their
master’s theses, they were
assigned to the groups of
their choice. Anyway, | joined

Toshihide Maskawa was awarded
the 2008 Nobel Prize in Physics
jointly with Makoto Kobayashi for
“the discovery of the origin of the
broken symmetry which predicts the
existence of at least three families
of quarks in nature,” or, for the
“Kobayashi-Maskawa theory” of

CP violation. He has also received
many other distinguished awards, in
particular the 1985 Japan Academy
Prize and the 2008 Order of Cultural
Merit. He received a Doctorate from
Nagoya University in 1967, and
became a Research Associate. He
moved to Kyoto University in 1970.
In 1976, he became an Associate
Professor at INS, the University of
Tokyo, and in 1980, a Professor at
YITP, Kyoto University. He served as
Director of YITP from 1997 through
2003. He is now Nagoya University's
University Professor and Director
General of KMI, Nagoya University.
He is also a Professor at Kyoto
Sangyo University and a member of
its board of trustees.
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Interviewer: Shigeki Sugimoto

Professor Sakata's group.'
There | was often teased about
behaving as if | were some
kind of big shot, even though
I hadn’t written any papers.
(Laughs). Actually, my first
paper was my doctoral thesis.
Once Yoichi lwasaki” came

to Nagoya with the intention
of observing us because he
thought people from the
Nagoya group were standing
out and attracting his interest
in places like summer school.
Unfortunately, we were very
busy at that time preparing
for things like the Beijing
Symposium, a student version
of the Japan-China Academic
Exchange Program, and for
summer school. So, poor
Iwasaki had to go back after
having hardly any discussion
with us. Subsequently,
Professor Shoichiro Otsuki’
gave us a good scolding.

He said that he was really
ashamed of us, as we had
missed the opportunity to talk
with a fellow researcher who
had come all this way. We had
a saying in those days: people
living north of Hakone™
measured the publications by

* Here, “north of Hakone” essentially
means Tokyo. On the other hand,
“west (or south) of Hakone” includes
the Nagoya, Kyoto, and Osaka
districts.



weight, rather than by quality.
Sugimoto By weight?
Maskawa Yes, we held that
their approach emphasized
the quantity rather than the
quality of publications, but
that we were different. We
were aware that we had to
write high-quality papers. |
had though no publication at
all, so there was no quality to
discuss. (Laughs)

Sugimoto Have you ever felt
that you were at a dead-end
or become depressed?
Maskawa No, I'm not the
kind of person.

Sugimoto | see.

Encountering a CP violation
in a journal club

Maskawa Whenever |
encounter a problem, | usually
analyze the situation and try
to find a solution myself. If
something seems beyond my
ability, I am willing to switch
to an alternative without
hesitation. | try to construct a
story to describe the hurdle in
my path. Of course, the story

is not likely to reflect the truth.

But I try anyway. However,
when things progress and

| am beginning to see a
breakthrough, this story-
building suddenly becomes

helpful. For this reason, | guess,

we could move rather quickly
on the CP problem. We used
to have a journal club, when |
was at the end of my master’s
course or at the beginning of
my doctorate. Of course, now
you can see any paper just by
clicking through web pages.
Sugimoto That's right.
Maskawa In those days,

however, we had only one
copy of each journal for the
E-laboratory (the traditional
name to represent the
elementary particle theory
group at Nagoya University).
We had to fight over who

got it first. So we were

having a meeting within the
E-laboratory to introduce

new articles by taking turns.

| was assigned to three or
four journals in my first turn.
Among them was a paper

by Fitch and Cronin on a CP
violation. | read it, but at first |
did not think it was important
and wondered if | should skip
it. For some reason, though, |
reported the article. | thought
something strange was
happening but did not have a
clear understanding of what it
was. Although | did not write
a paper, the article motivated
me to pursue theories of
weak interactions. Many
people were working on weak
interactions in those days, but
they were using them as a
probe for studying the quark
model rather than actually
studying weak interactions.
Contrary to these approaches,
| became firmly aware of

the need to study weak
interactions in the framework
of renormalizable theory. The
famous GIM paper” appeared
in 1969 (I remember only the
year of preprint publication).
Later, when Ziro Maki’ wrote
a paper, he mentioned that he
had first been informed of the

Shigeki Sugimoto is an IPMU
Professor. He is a theoretical physicist.
When he was a graduate student at
Kyoto University, he joined Professor
Maskawa’s group.

Interview



GIM paper by Maskawa. What
intrigued him about this paper
was a natural consequence of
introducing charm based on
higher order effects in weak
interactions. But | was more
interested in the detailed
discussion of how far the
theory was renormalizable.
That part was given after the
charm part using about twice
the space.

Sugimoto That is very
interesting.

Maskawa Then, the paper
by 't Hooft and Veltman®
appeared in 1971 or 1972.

At that time | was working

at Kyoto University. Taichiro
Kugo’ recalls that | gathered

a group of people and

hosted a seminar. Since now
't Hooft had proven the
renormalizability of weak
interaction theory, | thought it
was time to revisit the problem
| had left behind earlier. It was
time to revisit the CP violation.
It was now calculable. | guess
what was in the mind of
Makoto Kobayashi® at that
time was the Niu-event,’
although I never asked him
directly.

Sugimoto What is the Niu-
event?
Maskawa It was a charm
candidate found in cosmic
rays, although only one event
was found. It was difficult to
determine if it was really a
charm or not. In those days, it
was not at all clear.
Sugimoto | guess people
tended to believe it in Nagoya,
didn’t they?

Maskawa Yes, they did,
relatively speaking. | don’t

think it was either me or
Kobayashi who first suggested
revisiting the CP violation
problem. However, we decided
to work together again, as we
both happened to be in Kyoto.

Kobayashi-Maskawa theory
got gradual recognition

Sugimoto Was the CP
violation a big issue in those
days?

Maskawa Not really. |

guess in 1964, right after

the Fitch-Cronin paper had
been published, one physicist
tried to solve the problem by
introducing a 5th force. But
it was not very interesting
because the postulation of
the 5th force that violates CP
should have directly solved
the problem, if it had existed.
Very few people followed this
particular idea. At that point
we started to investigate

this problem and published

a paper. But, our paper was
almost completely ignored.
I'm not entirely sure, but |
think it was probably Sheldon
Glashow'® who then wrote a
paper without knowing about
our work.
Sugimoto | see.

Maskawa However, Yoichi
Iwasaki,” Hirotaka Sugawara''
and others acknowledged our
work. Iwasaki was familiar
with our work since he

was working at YITP, Kyoto
University. He later moved

to Tsukuba University. He
informed Sugawara (he was
at KEK) about our paper.
Sugawara had many friends
in the United States. He told
them about our work. He
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even wrote a paper together
with Sandip Pakvasa'” and
gave presentations. Sugawara,
who was only about two years
older than me and lived in the
United States for some time,
was already a widely respected
physicist by then. Thanks to
his introduction, our paper
became known and gradually
began to be cited.

Sugimoto | understand the
paper drew very little attention
when it first appeared.
Maskawa Ziro Maki was the
first to cite our work when

he wrote a paper about the
4-quark model. But there were
no citations for the next three
years or so. Then Pakvasa and
Sugawara mentioned our
work in their paper.
Sugimoto So your paper
became better known after
Pakvasa and Sugawara’s
paper.

Maskawa Yes, the existence
of our paper was more widely
known after that. Then, at

the Tokyo Conference" in
1978, Professor Yoichiro
Nambu'* mentioned our
work in his summary talk. He
compared various CP violation
models and concluded that
our approach seemed the
most appropriate. After the
conference, about ten of us,
graduates from Nagoya'’s
E-laboratory, went to a beer-
garden on the roof of a
department store in Shinjuku.
They congratulated me with
two liters of beer.

Sugimoto Did you

have a great sense of
accomplishment?

Maskawa Yes. Professor
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Nambu had virtually certified
our work. It was like a
declaration of victory.
Sugimoto | see.
Maskawa | didn’t remember
at all how | managed to return
home that night.”” (Laughs)
Sugimoto Oh, boy! (Laughs)
You also pointed out more
than one possibility for the CP
violation, like the two-Higgs
model, in the Kobayashi-
Maskawa paper.

Maskawa Let me explain
why we did that. | had been
curious why the Sakata

1" did not or could not

mode
develop into Gell-Mann’s
octet-model."” But | hardly
knew the real reason for

it. So | used to ask around.
Professor Yoshio Ohnuki'®
told me that he knew how to
make an octet out of a three-
dimensional representation,
but he hesitated to go in that
direction because of Professor
Sakata’s landmark experience.
Professor Sakata discussed
Heisenberg's paper'® on
nuclear structure theory in his
undergraduate dissertation

in a very animated way. He
noted that the most important
thing was the discovery of
the neutron. He wrote that
people had faced many
contradictions prior to that,
because they had to explain
everything with only protons
and electrons. Many problems
with nuclear structure quickly
went away after the discovery
of the neutron. This landmark
experience influenced him

a great deal. The 1950s was

a very confusing era, when
particles after particles were



being discovered. He wanted
to settle it once and for all by
introducing a new concept like
Heisenberg had done. Also,
for him, that new concept

had to be a real particle like
Heisenberg’s neutron. So

he proposed the model of
proton, neutron, and lambda.
Because of this landmark
experience, Professor Sakata
could not think of introducing
hypothetical quarks. Professor
Ohnuki told me that he
himself was confined to a
similar direction under this
environment. So | tried to
have a different mindset.
Once | find a breakthrough,
or even half a breakthrough, |
should go back to the starting
point once more, rather than
sticking to it.

Sugimoto | see. You explore
other possibilities.

Maskawa | call this approach
“abstraction.” When we
abstract an approach even if
it is half successful, we will

see various other possibilities.
At the beginning, when we
don’t know anything, we

have to be specific. Otherwise
we cannot identify in which
direction we need to go. But,
once you have identified the
direction, you don’t need to
stick to the Yoshida-route (for
climbing Mount Fuiji). You can
also reach the top using the
Gotenba-route. So we wrote
down every possibility that we
could think of at that time.
Here is a mystery that | still do
not understand. In our paper |
put the six-quark model in the
first place. But when | handed
over my Japanese draft to

Kobayashi, he moved that
part to the last place for some
reason.

Sugimoto Do you mean the
order had been changed?
Maskawa Yes, that part
appeared last.

Sugimoto | see. For you, was
the most attractive part of the
paper the prediction of the
existence of six quarks?
Maskawa Yes, that was

the most interesting part.
However, | have not asked
Kobayashi why he changed
the order.

Coming up with the six-
quark model in the bathtub

Sugimoto | see. By the way,
it is by now well known that
you came up with the six-
quark model in the bathtub.
Maskawa In mathematics
we can introduce 100 quarks
and develop a general
scheme. Since particle physics
is a natural science, we cannot
talk about something that
does not exist, even if it is
interesting. In those days, three
quarks were known. Also, we
knew that four quarks would
make an interesting model. So
we had a strong inclination to
stick to four quarks. But our
discussion did not lead to any
viable model. At any rate, |
thought | could reproduce the
CP violation if I introduced,

in today’s language, right-
handed currents. | showed

it to Kobayashi. Probably he
knew right away it wouldn't
work. But as he was cautious,
he only said “Let me check at
home.” The next day he said
“No, it wouldn’t work. The

gu/gy ratio does not agree,
because the sign comes out
wrong.” So we threw that
idea away. And we went on to
struggle within the framework
of the four-quark model. In
desperation to get away from
it, we needed something that
could push us to abandon

the four-quark scheme. It
could have been either of

us who first felt that way. |
happened to give up first.
Perhaps | did not have enough
persistence. (Laughs) A place
like a bathtub where you are
alone is a relatively good place
to relax and review an overall
scenario, rather than working
on specifics. In the bathtub,

| was about to give up the
whole thing because every
direction we had tried had
failed to lead to any successful
idea. So | was about to decide
to write a paper dealing with
our failure, even though doing
so would put us to shame.

I thought | did not want to
continue any longer. (Laughs)
Then, as | was getting out of
the bathtub, an idea came to
me, “Wait a minute. We don’t
need to do it that way — we
can write a paper to show
that the 6-quark model will
work.” The reason why | came
up with the idea of six was---.
Sugimoto You pretty much
knew that the six-quark
scheme would work, didn’t
you?

Maskawa Yes, even when
we were unaware of the
difficulty of the problem, we
could probably answer it right
away if someone asked the
question “What happens if

you take six instead of four?”
[t was merely a matter of
playing with numbers.
Sugimoto | see.

Maskawa We started our
discussion the next day

from ten o’clock, the time
Kobayashi would usually show
up. | suggested we write a
paper with the idea that the
six-quark scheme will work, as
| had thought the day before.
Kobayashi thought for a brief
moment and agreed. It was as
simple as that.

Sugimoto Were you very
excited when you came up
with that idea?

Maskawa No, | was not. It
may sound ironic, but | felt
relieved because at last | could
finish it. I did not have a sense
of great accomplishment.
Rather, it was Yoichi Iwasaki,
Hirotaka Sugawara, and
Hidezumi Terazawa,” all

living north of Hakone,” who
recognized the importance

of the paper! The only thing

| felt was that | had come up
with a solution to the problem
of CP violation that had

been bothering me. In Kyoto,
however, | used to be teased,
with people saying things like
“Hey, Dr. Maskawa! Do six
quarks really exist?”

Is that so?
Subsequently, however, all of

Sugimoto

them were found one after
the other in experiments.
How did you feel when that
happened? Interview
Maskawa Well, let me see

... Some people continue to

work on the same subject as

if it were their life’s work, like

“I have finished this, the next



step is this.” 1 am not that
type. Once | let it go, | don’t
feel it to be my work. So,
when | was congratulated on
the Nobel Prize, | was happy,
of course, but it was not like
I was jumping for joy. To me,
it was more like “Oh, that
particular work somehow
deserved the prize.” (Laughs)
Sugimoto | see.

Maskawa Of course different
people feel differently.
Sugimoto Let me ask you
about the Nobel Prize. May |
ask you for your impression
now that things have more or
less settled down?

Maskawa Well, | think

the whole thing is overly
exaggerated in Japan. It is
probably not such a big deal
in the United States.
Sugimoto | agree.

I think it should
be enough to say just

Maskawa

“Congratulations,” if you
know a Nobel laureate.
Indeed. Did it
change your life in any way?

Sugimoto

Maskawa Yes, | am receiving
more requests for lectures
and interviews. It is partly my
fault. My personality makes

it difficult to refuse those
requests.

Sugimoto You must have
become busy!

Maskawa Yes, in that

sense. One more thing is |
became popular through my
appearance on TV, probably
because | come across a bit
like a comedian.

Sugimoto (Laughs)
Maskawa | am frequently
asked to shake hands and give
autographs.

20

Memories of Professor
Sakata

Sugimoto | forgot to ask
you this earlier. What kind of
person was Shoichi Sakata?
What memories do you have
about him?
Maskawa In those days,

he was alternating between
his office in Nagoya and the
Science Council of Japan

in Tokyo weekly. The time

he spent in his office of the
E-laboratory was when he
could relax. So | recall that
nearly everything he said was
amusing.

Sugimoto Really?
Maskawa In the seminar
room, he used to listen to

the lecture at first, but after a
while he used to start reading
the newspaper. When that
was done, he used to begin
preparing tea. Probably he
was sending a signal to stop.
(Laughs) One day we had

a power failure during the
seminar. When that happened,
Professor Sakata happened to
see the front wall where an
electric clock was still running.
Someone said “Power failure!”
He then said “No, the clock is
running.”
Sugimoto It must have been
a battery-type.

Maskawa Right. He
immediately noticed that. He
then said, “A power failure
means the electromagnetic
interaction switches off.” " We
should say that what we have
here is simply a termination of
the transportation of power.”
Sugimoto (Laughs)
Maskawa Many of his
comments were of this sort.
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But the same Professor Sakata
presented impressive lectures
on different occasions. His
summary at the “Models and
Structures” workshop that he
organized at YITP was very
impressive. | was tempted

to say “Why can’t you give

us such a nice talk in the
E-laboratory?” (Laughs) We all
listened intensely to his talks
whenever they were given at
YITP. Probably he was thinking
of many different ways to
manage the research group;
for example, what functions
were needed for the group to
develop into a good research
organization. He had a famous
saying in those days, which
was that “The best philosophy
and best organization are
enough for good research.

| am just Tadano Bonji.” It
came from a pre-war comic. A
character in the comic named
Tadano Bonji (Mr. Ordinary)
resembled Professor Sakata. So
he got that nickname, which
even Professor Shin’ichiro
Tomonaga’' referred to in one
of his essays. Professor Sakata
did not mind it, and told us,
“You young people can do
good research here because
we have a good philosophy
and good organization.” |

fell for that hook, line, and
sinker, and worked very hard.
(Laughs)
Sugimoto | don't remember
if you told me this directly,
but | was told not to call you
Maskawa-sensei” ™" when |
first joined your group as a
graduate student.

Maskawa That was
common in the particle theory
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community. Ziro Koba,”” when
he was YITP professor, used

to say ‘I didn't teach you
anything” whenever people
called him Koba-sensei, and he
would give no further answer
to them. Professor Sakata was
worried, | think, that young
people might not have the
courage to say ‘no” even if
he said something wrong.

He probably thought that

the organization must have

a flat structure to promote
discussion as equals. | could
sense that, through talking
with senior members, though |
had never heard that directly.

| see. You had that
tradition. Let me ask an odd

Sugimoto

question. You were calling him
Sakata-sensei,”"* weren't you?
Maskawa Yes, because he
was really my sensei.
Sugimoto (Laughing) But |
was not allowed to call you
Maskawa-sensei.

Maskawa | could not

just call him Sakata-san. To
me, Yukawa-san”’ was just
Yukawa-san.

Sugimoto Really?
Maskawa Their relationship
was rather interesting. When
| was a graduate student at
Nagoya, | used to visit YITP.

*% “Power failure” is written as
{27 in Japanese. { means “stop’
and & means “electric.” Usually,

& is combined with other Chinese
character(s) to form a specific word
having a meaning related to electric
or electronic phenomenon/effect. So,
Professor Sakata offered this strained
interpretation of {58 as “stopping
electromagnetic interaction.”

*kk “Sensei (5£4) is a Japanese
word meaning “teachers,”
“professors,” and other professionals
of authority. For Professor Maskawa,
“Sakata-sensei” means not merely
“Professor Sakata,” but demonstrates
his respect for him as a teacher.



A student like me was also
asked to join Yukawa at the
lunch table. He noticed a short
man with an unfamiliar face,
and asked me “Whose student
are you?” | answered that |
came from Professor Sakata’s
group. We then discussed a
few topics. | must have praised
Professor Sakata at points in
the conversation. He gradually
became sullen.

Sugimoto | see. (Laughs)
Maskawa Even at that age,
they were competing with
each other.

Sugimoto Was it rivalry?
Maskawa Yes, they were
rivals. On the other hand,
when Professor Yukawa made
a one-day visit to Nagoya,
Professor Sakata was carrying
Yukawa’s bag and making
way for him at the doors.
Sakata was following a strict
sensei-student relationship.
When | was talking with
Professor Sakata, | used to
walk slightly behind him.

So | did not bother to make
way for him at the doors. He
opened the doors.

(Laughs)

| did not notice it

Sugimoto
Maskawa
at all. | realized it after | went
through the door. (Laughs) In
a sense, Professor Sakata had
different ways of behaving,
one for his superiors and
one for younger people.

He definitely had different
standards—a sort of double
standard.

KMI and IPMU: How to start
collaboration

Sugimoto Finally, let me ask
a question about your new

institute (Kobayashi-Maskawa
Institute for the Origin of
Particles and the Universe,
KMI). What direction are you
aiming to take?

Maskawa Basically, the
universe is its own subject.
Koichi Yamawaki** made the
effort to establish KMI. His
standpoint is that elementary
particles have a hierarchical
structure. He thinks quarks
also have structure. He will
take the lead and steer the
group.

Sugimoto Are you aiming
at a new direction that could
lead to a Nobel Prize?
Maskawa No, we are

not directly aiming in that
direction. Some people

might deserve a Nobel

Prize as a result of their fine
accomplishments. | don’t
believe we should go for it
just by shouting a slogan.
But, we should always keep
in mind that we must try to
come up with fundamental
solutions. As we have to
produce results, sometimes we
choose subjects that lead to
publication without too much
difficulty. I am not against
these approaches. They have
some importance. But at the
same time we should have,

in the corner of our mind, an
attitude of wanting to answer
fundamental questions.
Sugimoto KMl has people
from the mathematics
department working on
subjects close to physics. They
may move into directions
that are slightly different
from describing the real
world. How do you plan to

proceed as far as collaboration
among different disciplines is
concerned?

I think the first
thing is human relations.

Maskawa

People just communicate daily,
like having a chat after a meal.
In doing so, both sides might
discover interesting problems.
Once that happens, there

are many ways to proceed
further. People should not
confine themselves to their
territories. Each person has
worked hard in a specific field
and accumulated skills and
knowledge. If each person
draws on those individual
strengths, working together
with people who have
different skills and strengths,

| believe they can do great
things.
Sugimoto | am now working
at IPMU, which has people
working on pure mathematics.
Collaborative work with

them is a major issue. In that
sense, IPMU has a similarity
with KMI. Do you think there
is any possibility for the two
institutions to collaborate?
Maskawa We should start
with a simple exchange of
people, such as inviting people
to seminars. People may

find some interesting work.
We can then try to invite
people for longer periods, of
six months or a year. Once
this exchange is established
and our understanding of
each other is deeper, we can
think of a scheme for more
ongoing joint work. | do think
we should start personal
exchanges, including very
simple ones. (Laughs)

Sugimoto Such as having
drinks together.

Maskawa Not necessarily,
but something like that.
(Laughs)

Sugimoto Thank you very
much for your time.
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classifying hadrons into octets.

Later he proposed the quark

model with fractionally charged

quarks as elementary building
blocks. In 1969 he received the

Nobel Prize in Physics.

18 Professor Emeritus, Nagoya Univ.

19 Werner Heisenberg (1901-1976).

1932 Nobel Laureate in Physics.

A theorist, formerly at INS, the

Univ. of Tokyo.

Shin‘ichiro Tomonaga (1906-1979).

1965 Nobel Laureate in Physics.

Ziro Koba (1915-1973) died in

Kopenhagen when he was

a Professor at the Niels Bohr

Institute.

Hideki Yukawa (1907-1981).

Japan’s first Nobel Laureate. In

1949 he received the Nobel Prize

in Physics.

24 Deputy Director of KMI and
Professor Emeritus, Nagoya Univ.
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Workshop Report

CLJ2010+0628:

from massive galaxy formation to dark energy

Yen-Ting Lin

IPMU Postdoctoral Fellow

John D. Silverman

IPMU Assistant Professor

Masahiro Takada

IPMU Associate Professor

Masayuki Tanaka

IPMU Postdoctoral Fellow

In the current paradigm of cosmic structure
formation, the cold dark matter model with a
dominant dark energy component (hereafter LCDM),
gravitational collapse of dark matter leads to the
formation of halos, which then grow in mass by
merging and accreting with other halos. Given a
cosmological model, the abundance and spatial
distribution of massive halos (e.g., >10” M.,,,,) can
be estimated to high precision through analytical
calculations and numerical simulations. The number
density of massive halos can therefore be used to
constrain cosmological parameters, such as the matter
density, amplitude of the matter power spectrum, and
the degree of the primordial non-gaussianity.

Now enter the reality. Clusters of galaxies are the
real-world counterparts of the massive dark matter
halos. And they are more fun/difficult to deal with,
considering the large amount of gas (called intracluster
medium, ICM) that has been shock heated to 10’ K
during infall to the cluster gravitational potential, as
well as the hundreds of galaxies of various masses
and formation history swarming inside. For a galaxy,
clusters is a hectic place to live: interactions with the
dark matter potential well, the ICM, and other galaxies

will distort its shape, strip off its stars, induce new
star formation and maybe awaken the super massive
black hole at its center; dynamical friction will drag

it to the bottom of the potential -- a kind of galactic
graveyard -- and merge with the giant galaxies there.
Gradually, the cluster galaxies are transformed into

a population quite distinct from their cousins living

in much smaller halos. Meanwhile, the ICM radiates
prodigiously via bremsstrahlung, making clusters
among the brightest X-ray sources in the Universe;
occasionally the electrons inverse-Compton scatter off
the photons from the cosmic microwave background,
modifying the energy spectrum of the latter (known
as the Sunyaev-Zel'dovich effect, SZE).

The above broadbrush picture shows our
understanding of clusters to the first order. At a
distance, clusters appear to be simple objects: dark
matter halos behave as suggested by the LCDM,

ICM often in hydrostatic equilibrium with the cluster
potential, properties of cluster galaxy populations
correlate well with the host clusters. When we try to
ask more detailed questions such as "how well can we
measure the cluster mass?" "what is the density and
pressure distribution of ICM?" "what mechanism is
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the primary cause of galaxy transformation?" we start

to realize there is still a long way to go, before we can
really use clusters as a precision cosmology probe.

"CLJ2010+0628": from massive galaxy formation to
dark energy" was planned in preparation for the era
of precision cluster cosmology. The idea was simple:
bringing together experts working in different areas
of cluster study to discuss how we can use multi-
wavelength data to identify the critical theoretical and
observational issues that may limit our ability to fully
exploit the upcoming large cluster data sets.

The preparation for the conference officially
started in summer 2009. The invited speaker list was
largely finalized by the end of that year. The cluster
community was enthusiastic, and we had a hard time
selecting contributed talks out of many excellent
submissions. Due to the space limit, we also had to
turn down registration from many people.

The conference took place on 6/28-7/2, 2010, at the
Media Hall in the Kashiwa Library, although we also
had "lunch sessions" at IPMU and the General Research
Building. There were 160 participants, including 20
invited speakers. We had 39 contributed talks and
80 posters. Slides and video recording of all the talks
are online at the conference website. This was a truly
international conference, as people from Europe and
North America accounted for 2/3 of the participants,
and the rest were from Japan, Taiwan, and Korea.

Gus Evrard (Michigan) gave the opening review,

linking the dark and bright sides of cluster study.
Eiichiro Komatsu (Texas/IPMU) provocatively discussed
"Gem vs Junk cluster cosmology"”. Anthony Gonzalez
(Florida) impressed the audience with a beautiful
image of the intracluster light in the Bullet cluster. Bill
Holzapfel (Berkeley) discussed a mismatch between
the theoretical and observed SZE power spectrum,
while Daisuke Nagai (Yale) offered an explanation
based on the gas motion at outskirts of clusters.

Jim Gunn (Princeton) summarized the conference,
emphasizing the need to first understand the stars,
galaxies, ICM, before we can confidently constrain
cosmology.

The success of the conference owed a large part
to the hard work of other local organizing committee
members, Tsz Yan Lam, Masamune Oguri, and
Naoki Yoshida. The conference wouldn’t materialize
without the dedicated efforts of Ujita-san of IPMU
administrative office. We are also in debt to other
staff members, especially those in the international
relationship and IT sections. Finally, we gracefully
acknowledge financial supports from IPMU and from
the DENET grant of Prof. Yasushi Suto (University of
Tokyo).

* Naming of a cluster usually follows the format of (prefix)-J-HHMMsDDMM,
where prefix may be the project that discovers the cluster, J stands for the
equinox of the observation, HHMM and sDDMM denote the longitude and
latitude in celestial coordinates, respectively. CLJ2010+0628 follows this
scheme, but uses the start date of the conference as the coordinates; in
addition, “)" stands for Japan.

Workshop
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Third WPI Follow-Up Meeting

The Third Follow-Up Meeting of
the WPI Program Committee was
held on July 4, 2010 at the Hotel
New Otani Tokyo. The Committee,
which selected the WPI centers, meets
every year to review and evaluate the
progress and achievements of each
center. The Committee interviews the
center directors and the heads of the
host institutions and receives a site
visit report from the Program Officers
assigned to each project. When
necessary, the Committee makes
requests for improvements to each
WPI center.

At this meeting, the Committee
evaluated the visibility of IPMU as a
WPI center highly, as evidenced in
the results of JSPS’s questionnaire of
researchers worldwide. The Committee
also welcomed the University of Tokyo
plan to create a new institute of
international advanced studies, which
would integrate IPMU as one of the
University’s permanent entities and
give tenure to central members of
the IPMU faculty. On the other hand,
the Committee mentioned some
points that need improvement, such
as increasing the number of full-time
principal investigators as well as female
researchers.

The follow-up results have been
made public at http://www jsps.
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go.jp/j-toplevel/data/08_followup/
h21Followup_j.pdf.

IPMU Annual Report 2009
Published
The IPMU Annual Report 2009 has

been published, summarizing IPMU’s
research activities and mentioning
some highlights, in particular, as
well as progress in the WPI project
implementation during fiscal 2009
(March 2009 — April 2010). The pdf
version of this and previous reports can
be downloaded from the IPMU web
site, http//www.ipmu.jp/ja/research-
activities/annual-report.

“Second IPMU Building” under
Construction

IPMU accommodates visitors and
graduate students in addition to its
full-time researchers and administrative
staff. The IPMU Research Building,
which has a floor area of around
6,000 m? began being used at the
beginning of this year, but it is not
large enough to accommodate the
additional visitors IPMU wishes to
invite. IPMU consequently requested
a budget to construct its second
building, with a floor area of about
3,000 m?, and this was included in
the Government’s stimulus package
in fiscal 2009. As the Institute of
Gerontology and the Information
Technology Center also secured a
budget to construct their own research
buildings on the Kashiwa campus of
the University of Tokyo, the University’s
Campus Planning Office took the
initiative to efficiently integrate the
demands for research space of the
three institutions. As a consequence,
construction of the General Research
Laboratory Building (tentative name),
boasting a total floor area of 12,000
m’, got underway in April, 2010. The
building will be completed at the end
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of February 2011. The IPMU wing of
this building will be located diagonally
behind the IPMU Research Building.
IPMU is planning to use its new
space not only as office space for
visitors, but also as an Astronomical
Information Center. It will function as
an analysis center for the data to be
obtained from the IPMU initiatives for
astronomical observations, and at the
same time it will showcase outcomes
from the IPMU’s astronomical research
to the public. For this purpose, the
center will be located at a corner of
the ground floor, with a transparent
glass wall. There will be a number
of large screens for data projection.
People will be able to view them from
outside.

Fig. 1 An artist’s view of the new building. The
left wing will house the IPMU. The Astronomical
Information Center is located at the corner on
the ground floor. © Mitsuru Senda + Environment
Design Institute.

Fig. 2 Construction area of the General Research
Laboratory Building.

Ken'ichi Nomoto Awarded 2010 IAP
Medal
Ken'ichi Nomoto, IPMU Principal
Investigator, was awarded the IAP
Medal on July 1, 2010 from the Institut
d'Astrophysique de Paris (IAP), France.
This medal is awarded annually to



coincide with IAP’s annual colloquium,

and is given to an astrophysicist who

has made a significant contribution

in related fields. The award was

established in 2005, and the previous

recipients are all prominent scientists.

2005: Sandra Faber (UC Santa Cruz)

2006: Andrei Linde (Stanford University)

2007: Roger Blandford
(StanfordUniversity)

2008: Charles Steidel (Caltech)

2009: Wallace Sargent (Caltech)

This year's colloquium was held on
the themes of “exploding stars,” such
as new stars, supernovae, and gamma-
ray bursts. Nomoto’s theoretical
contribution for the supernovae
research earned the recognition of the
medal committee.

Professor Ken'ichi Nomoto was awarded this IAP
Medal.

After All, Type la Supernovae

OK for Cosmological Standard
Candles

Type la supernovae form a

homogeneous class of stellar explosions
and are used as excellent “standard
candles” to measure distances across
the Universe. The measurements of
the acceleration of the Universe using
these standard candles revealed in
1998 - 1999 that the Universe largely
comprises mysterious dark energy.
However, it has long been known
that type la supernovae, which
otherwise look like twins, can show
diverse spectral features, questioning
their accuracy as standard candles.
Consequently, solving this problem
has been given the highest priority in

cosmological research using type la
supernovae.

An international collaboration of
researchers led by IPMU Assistant
Professor Keiichi Maeda, including
IPMU Professor Ken'ichi Nomoto and
IPMU postdoc Masaomi Tanaka, has
solved this problem. The research
group argues that type la supernovae
explode asymmetrically, causing
apparent diversity as a consequence of
the random directions from which an
SN is observed. This result is good news
for cosmology—it confirms that type la
supernovae are excellent cosmological
standard candles. This result has been
published in Nature, (1 July 2010 issue).

Workshop :
CLJ2010+0628: from Massive
Galaxy Formation to Dark Energy

See pp. 22-23.

Workshop :
IDEAS on Chemical Evolution
IDEAS (IPMU Day of Extragalactic

Astrophysics Seminars) is a new
initiative at IPMU to hold a series of
one-day workshops on a given topic in
astrophysics. The IDEAS on Chemical
Evolution was held on July 13th, 2010.
Three review talks were followed by
five contributed talks. Topics covering
theory and observations at different
scales (from stars to clusters of
galaxies) were actively discussed.

Future Conference:
Focus Week on String Cosmology
A workshop entitled “Focus week on
string cosmology” will be held at IPMU
for five days from October 4 to 8,
2010. “String cosmology” is cosmology
based on superstring theory, a strong
candidate for the theory of everything.
Various topics such as the beginning
of the universe, the origin of cosmic
inflation and observability in cosmic

microwave background will be
discussed.

Future Conference:

The Observational Pursuit of Dark
Energy after Astro2010

We are holding a meeting at

Caltech on October 7 to 8, 2010,
through the sponsorship of DENET
(International Research Network for
Dark Energy) funded by JSPS (Japan
Society of Promotion of Science),
IPMU and Caltech. Our goal is to have
a timely discussion on the optimum
way forward in developing various
dark energy probes in the light of the
recommendations of the US National
Academy of Sciences Decadal Survey
"Astro2010", whose report was
released on August 13th.

Future Conference:

Evolution of Massive Galaxies and
Their AGNs with the SDSS-11I/BOSS
Survey

IPMU is a member institute of

SDSS-III/BOSS Collaboration, which is
conducting a massive spectroscopic
survey of distant galaxies. This
workshop will be held at IPMU for four
days from October 24 to 28, 2010.
The workshop aims to bring together
individuals from the BOSS community
with a strong interest in the study

of luminous galaxies and/or AGNs in
order to foster collaborative efforts.
The format of the meeting will involve
a combination of science presentations
and working group sessions, with
ample time for discussion.

Future Conference:
Mini Workshop on Neutrino
Neutrinos have been extensively
studied so far. Nevertheless, the
neutrino remains one of the least
understood particles. It is very
important to understand its properties,
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partly because it may be related to
the origin of the matter-antimatter
asymmetry of the Universe. A mini
workshop on neutrino will be held at
IPMU for five days from November
810 12, 2010. The purpose of

this meeting will be to review the
current experimental and theoretical
understanding of neutrinos. We plan
to schedule a series of seminars on the
neutrino experiments, such as Super-
Kamiokande, T2K, neutrinoless double
beta decay, MINOS and MiniBooNE,
and the theoretical models of the
neutrino mass.

IPMU Seminars

Information on IPMU seminars is
posted on IPMU website http://db.ipmu.
kp/ seminar/?mode=seminar_recent.
Your will find detailed information and
request form (when needed) there.

1. “Fermi’s Restless Universe”
Speaker:Roger Blandford (KIPAC
(Stanford University))

Date: Jun 18,2010

2. “Homological mirror symmetry for
toric Fano stack and suspension for
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directed Fukaya categories”
Speaker: Masahiro Futaki (The
University of Tokyo)
Date: Jun 21, 2010

3. “Holographic superconductors
from M5-branes”
Speaker: Nakwoo Kim (Kyung Hee
University)
Date: Jun 22, 2010

4. “Heavy element synthesis in
neutrino-driven neutron-star winds
of core collapse supernovae”
Speaker: Almudena Arcones (Basel
University)
Date: Jun 22, 2010

5. “Donaldson-Thomas theory and
cluster algebras”
Speaker: Kentaro Nagao (Nagoya
University)
Date: Jun 28, 2010

6. “Higher Categories and TQFTs”
Speaker: Alexander Voronov
(University of Minnesota)
Date: Jun 29, 2010

7. “Recursion Relations and String
Theory Amplitudes”
Speaker: Brian Wecht (IAS)
Date: Jun 30, 2010

8. “Non-linear dynamics and
primordial curvature perturbations
from preheating”
Speaker: Andrei Frolov (Simon
Fraser)
Date: Jul 06, 2010

9. “Infrared modified gravity with
dynamical connection”
Speaker: Valery Rubakov (Moscow,
INR)
Date: Jul 08, 2010

10. “Cosmology from gravitational-
wave standard sirens”
Speaker: Daniel Holz (Los Alamos)
Date: Jul 09, 2010

11. “Differential equations aspects of
guantum cohomology (Part 1),
Some new solutions of the tt*
-equations (Part 2)"
Speaker: Martin Guest (Tokyo
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Metropolitan University)
Date: Jul 12,2010

. “Bis for BIRD"

Speaker: Nobuhiko Katayama (KEK)
Date: Jul 13,2010

. “Introductions to Quantum

Deformation Theory”
Speaker: Alexander Voronov
(University of Minnesota)
Date: Jul 13,2010

. “Group and clusters of galaxies in

deep X-ray surveys”
Speaker: Alexis Finoguenov (MPE)
Date: Jul 14, 2010

. “Cosmology and Astrophysics with

Galaxy Clusters: Recent Advances
and Future Challenges”

Speaker: Daisuke Nagai (Yale
University)

Date: Jul 15,2010

. “Quantum Deformation Theory”

Speaker: Alexander Voronov
(University of Minnesota)
Date: Jul 20, 2010

. “Host Galaxies of “Dark” Gamma-

Ray Bursts”

Speaker: Yuu Niino (Kyoto
University)

Date: Jul 21, 2010

. “Galaxy Formation with

Cosmological Hydrodynamic
Simulations in the JWST Era”
Speaker: Kentaro Nagamine
(University of Nevada Las Vegas)
Date: Jul 21,2010

. “Phenomenology of Pure General

Gauge Mediation”

Speaker: Valya Khoze (IPPP
Durham)

Date: Jul 22,2010

“The Calabi-Yau/Landau-Ginzburg
correspondence for B-branes”
Speaker: Ed Segal (Imperial College
London)

Date: Jul 26, 2010

“Radiative Transfer Modeling of
Lyman Alpha Emitters and New
Effects in Galaxy Clustering”
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Speaker: Zheng Zheng (Yale
University)

Date: Jul 27, 2010

“Quantum Deformation Theory”
Speaker: Alexander Voronov
(University of Minnesota)

Date: Jul 27,2010

“Gauge-Higgs Unification: Stable
Higgs, Dark Matter, and Colliders”
Speaker: Yutaka Hosotani (Osaka
University)

Date: Jul 29, 2010

“Methods in Supersymmetric
Field Theories and Supergravity
Theories”

Speaker: Zohar Komargodski (IAS)
Date: Aug 03, 2010

“Strong Coupling and Causality
in High-Spin Massive Particles: the
Charged Spin 3/2 Example”
Speaker: Massimo Porrati (New
York University)

Date: Aug 04, 2010

“Quantum Deformation Theory”
Speaker: Alexander Voronov
(University of Minnesota)

Date: Aug 05, 2010

“The Annihilator of the Derived
Singularity Category”

Speaker: Ragnar-Olaf Buchweitz
(University of Toronto)

Date: Aug 17, 2010

“Quantum Deformation Theory”
Speaker: Alexander Voronov
(University of Minnesota)

Date: Aug 18, 2010
“Donaldson-Thomas invariants,
wall-crossing and matrix models”
Speaker: Masahito Yamazaki (IPMU)
Date: Aug 23, 2010

“Forming Bulgeless Disk Galaxies”
Speaker: Chris Brook (Univ. of
Central Lancashire)

Date: Aug 24, 2010

“Quantum Deformation Theory”
Speaker: Alexander Voronov
(University of Minnesota)

Date: Aug 25, 2010

32. “2-dimentional lattice models and
renormalization”
Speaker: Cornelius Schmidt-Colinet
(IPMU)
Date: Aug 26, 2010

33. “Special Geometry (after
Strominger)”
Speaker: Kyoji Saito (IPMU)
Date: Aug 27, 2010

34. “Toric degenerations of Grassmann
manifolds and mirror symmetry”
Speaker: Makoto Miura (The
University of Tokyo)
Date: Aug 30, 2010

35. “Semi-topological invariants of real
algebraic varieties”
Speaker: Mircea Voineagu (IPMU)
Date: Aug 31, 2010

36. “The Yau-Zaslow conjecture and
Noether-Lefschetz theory”
Speaker: Emanuel Scheidegger
(Augsburg University)
Date: Sep 01, 2010

37. “Resonant Non-Gaussianity from
Axion Monodromy Inflation”
Speaker: Raphael Flauger (Yale)
Date: Sep 02, 2010

38. “Negative Differential Registivity
from Holography”
Speaker: Shin Nakamura (Kyoto
University)
Date: Sep 02, 2010

39. "Wronskian solutions of T, Q and
Y-systems for AdS/CFT”
Speaker: Zengo Tsuboi (Osaka City
University)
Date: Sep 07, 2010

40. “Boosting BSM Higgs discovery
with jet substructure”
Speaker: Adam Martin (FNAL)
Date: Sep 09, 2010

41. “Instanton counting in Omega
background and beyond”
Speaker: Daniel Krefl (IPMU)
Date: Sep 13,2010

42. "Borcherds products in monstrous
moonshine”
Speaker: Scott Carnahan (IPMU)

Date: Sep 14, 2010

43. “Motion of charged particles near
weakly magnetized Schwarzschild
black hole”
Speaker: Valeri Frolov (Alberta)
Date: Sep 16, 2010

Personnel Changes

The following five IPMU postdoctoral
fellows left IPMU to work at other
institutes. Their time at IPMU is shown
in square brackets:

Yogesh Kumar Srivastava [September
1,2009 — July 15, 2010] moved to the
National Institute of Science Education
and Research in India as an Assistant
Professor.

Tathagata Basak [October 1, 2009
—August 15, 2010] moved to the
Department of Mathematics, lowa
State University, as an Assistant
Professor.

Daniel Krefl [August 1, 2009 —
September 30, 2010] moved to UC
Berkeley as a Simons Postdoctoral
Fellow.

Guillaume Lambard [April 3, 2009
—September 30, 2010] moved to IFIC
(Instituto de Fisica Corpuscular) in Spain
as a postdoctoral fellow.

Yen-Ting Lin [October 16, 2008 —
September 30, 2010] moved to ASIAA
in Taiwan as an Assistant Research
Fellow.

Also, Masahito Yamazaki, who
stayed at IPMU from April 1 to August
31,2010 as a JSPS Postdoctoral Fellow,
moved to Princeton University as a
postdoctoral fellow.

In addition, Alex Bene, an IPMU
postdoctoral fellow since September 1,
2009, resigned from IPMU on August
31, 2010.
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Calabi-Yau 3-fold

YUkinObU TOda IPMU Associate Professor

A Calabi-Yau 3-fold is a geometric object which is expected to describe the extra
dimensions in our universe, and interesting in both mathematics and physics. An
algebraic curve counting theory in this variety corresponds to the theory of periods
under the mirror symmetry, and it is an important subject to study its property.
Now there are two kinds of such counting theories, Gromov-Witten (GW) theory,
Donaldson-Thomas (DT) theory, and they were conjectured to be equivalent in
2004. This interesting conjecture including important properties of both theories,

and has been checked in several situations so far.
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2 1987FIIANYE TV ERTRECBHEER. QIIBENDEE, fldEHRE,
©1989-2010, Australian Astronomical Observatory, photograph by David Malin.
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