Institute for the Physics and Mathematics of the Universe :ﬁ, World Premier International Research Center Initiative
B EEFHT RS R TLRIRERRT AT S A

cg The University of Tokyo BRKZ

Feature
Grand Unification and the Search for Proton Decay

Interview with Hiroshi Komiyoma

Focus VWeek: New Invariants and Wall Crossing

June 2009




IPMU NEWS CONTENTS

English Japanese
3 Director's Corner Hitoshi Murayama 23 Director's Corner WL %
Unification He—
4  Feature Henry Sobel 24  Feature AU — ) —=~L
Grand Unification and the Search for Proton Decay KE— B FRIEOHRR
8 IPMU Interview  with Hiroshi Komiyama 28 IPMU Interview /MBIl 7 - BIERAKHRIZEK
13 Our Team José M. Figueroa-O'Farrill 33 Our Team R T4 a7-F 7 7L
Sergey Galkin CILTA - T F
Dongfeng Gao = RiE
Tsz Yan Lam MR
Rajat Mani Thomas Vv hNZ - =YX
16 Workshop report 36 Workshop report
Focus Week: New Invariants and Wall Crossing TH—HNR74—7 FHLOAREELEYR
18 News 38 News
22 Seesaw Mechanism  Tsutomu Yanagida 40 Vg HIE #

Henry W. Sobel is Professor of Physics & Astronomy at
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Investigator of IPMU. He received his Ph.D. at Case
Institute of Technology in 1968, and, in the same year,
joined the UCI Physics Department. He has been US co-
spokesperson for the Super-Kamiokande experiment
since 1992.
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Director's Corner

Unification

| lived in West Germany for four years in my
childhood. In the year 1978, teachers organized a
school trip to Berlin. We took Pan Am flights for
the trip, because the East Germany did not allow
Lufthansa to fly over its territory. We visited the
section of the Berlin wall where many from East
Berlin threw themselves from apartment windows to
reach West Berlin and died. Eleven years later, | was
overjoyed watching the crowd crashing down the
wall on TV. Germany became unified.

Unification has also been very important in our
understanding of the universe. Newton unified
apples with planets with his theory of gravity. It
was a revolutionary theory that applies both to
earthly and heavenly bodies, and changed the
human conception of the universe forever. Maxwell
unified the theories of electricity and magnetism,
and proposed that light must be a dance between

electric and magnetic fields. Without his theory,

much of modern technology would not have existed,

such as radio, TV, microwave oven, or DVD.

Since then, physicists discovered two other forces
of nature beyond gravity and electromagnetism:
weak and strong, both needed for our daily life. The
strong force is needed to keep the atomic nuclei
from falling apart, making chemistry and biology
possible. The weak force allows the Sun to burn by
turning ten billion pounds of mass every second into
energy, allowing for Earth to sustain life. But we are
not familiar with them because they do not go very
far. The weak force goes only over a billionth of a

nanometer!

Director of IPMU
Hitoshi Murayama

Physicists are optimistic that we can unify all of
these forces that look so different from each other
and come up with a truly unified theory. In this
issue of IPMU News, Hank Sobel talks about his
lifelong attempt to prove the unification of forces by
discovering that every atom is ultimately unstable.
Hank and many other members of IPMU built the
Super-Kamiokande experiment and could show that
a hydrogen atom lives longer than a million billion
billion billion years. It is amazing that they could
show it lives much much longer than the age of
the universe, which is only 13.7 billion years! This
quest still continues, and we hope to build a new
experiment some twenty times larger than SuperK.

Theoretically, unifying gravity with other forces
proved very difficult. The main problem is that we
believed elementary particles are points, and when
two points meet, they go bang and give us infinities
that don’t make sense. If the particles are spread out like
little rubber bands, they would rarely overlap exactly with
each other and the theory is safer. Hirosi Ooguri in this
issue tells you how the ambitious attempt to restructure
the whole physical theories in terms of strings need
help from mathematicians, who in turn get inspiration Director's
for their own research. IPMU held a very fruitful joint Corner
workshop of physicists and mathematicians, with the
added excitement of new influenza, masks, sterilizing
alcohol, and thermographic camera.

We are all looking forward to the day when the
Berlin wall between forces and matters in nature will
come tumbling down, and IPMU wishes to play a

major role in this endeavor.
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Grand Unification and the Search for Proton
Decay

Proton Decay Search Tests Grand conservation of linear and angular momentum,
Unified Theories conservation of charge and others, are familiar from
One of the long standing goals of physicists is the classical physics and are exact and based on general
unification of the forces of nature by using a single theoretical principles. Others, are purely empirical,
mathematical description. The electromagnetic and in other words, they have no obvious theoretical
weak forces already have a single description (the justification and are proposed to account for the
electroweak theory) and the next step is the inclusion experimentally observed absence of some reactions.
of the strong force. The various attempts at this This second group includes the conservation of
unification are called GUT's (Grand Unified Theories). baryon number, the conservation of lepton number
The energy at which this unification occurs is and others. In general, we expect any reaction not
unknown, but is expected to be at about 10"°GeV. forbidden by a conservation law to occur, although
Exploration of this energy scale is a challenge since perhaps not very often. The exact conservation laws
this energy is far beyond that which we could correspond to symmetries in nature. For example, the
explore with accelerators. However, in most grand conservation of momentum and angular momentum

unified theories, the proton is predicted to decay.
The observation of the decay and the study of the

particles that it decays into could establish grand i o ST T
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unification and distinguish between models. Thus, r 1
the search for proton decay provides one of the few

approaches to the problem of confronting grand
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unified theories with experimental data and any

progress toward this goal has unigue value for the
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future development of physics.

The early searches for the decay of the proton

were motivated by the testing of conservation laws. I R I R
15

In physics, conservation laws are powerful tools 10
. . Energy [GeV
which allow us to understand the behavior of matter. 9y [ ]

Some of these laws, such as conservation of energy, Figure 1. The unification of forces
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can be traced to translational and rotational
symmetry.

The absolute stability of the proton was first
suggested by Weyl in 1929. In 1954, Goldhaber,
arguing on very general grounds showed that the
lifetime of the proton had to be greater than 10"
years and also in 1954, the first experimental limit
on the lifetime of the proton, greater than 10
years, was obtained. From 1954 to 1974, these limits
were gradually improved by making use of larger
and larger detectors which were built for other
purposes. In 1974 the situation changed. The first
promising grand unified theory, SU(5), was published
which predicted the lifetime of the proton to be
between 10%” and 10°' years, comfortably above the
latest lifetime limit, but within reach of a dedicated

experiment.

Gigantic Detectors Required for
Proton Decay Search

While the community now had a predicted
lifetime to test, the scale of the required experiment
presented a challenge. Proton decay is a statistical
process. If you watch a single proton you would
have to wait 10°' years to see it decay. On the other
hand, if you have a container with 10°' protons in
it, on the average, one proton will decay per year.

There are about 6x10* protons (and neutrons) in a ton

of material so the required detector size is 100 ton-
scale. To be conservative, a kiloton scale detector
would be necessary. The first of these detectors, IMB
in the U.S. and Kamiokande in Japan, turned on and
gave results in the 1980’s. Unfortunately, they did
not observe the predicted decay rate and thus set
lower limits on the proton lifetime that were higher
than that predicted by SU(5). In this way, the first of
the grand unified theories fell victim to experiment.

Since the time of IMB and Kamiokande, a wide
variety of alternative grand unified theories have
been developed. These include the assumption that
the fundamental mathematical symmetry is larger
than SU(5) and the possibility of supersymmetry.
Some attractive models stress the connection
between neutrino masses, mixing and proton decay.
In general they predict new modes of decay and
longer lifetimes.

Thus, continued progress in the search for proton
decay inevitably requires larger detectors. Since
the lifetime of the proton is unknown, a priori, and
could range from just above present limits to many
orders of magnitude greater, increases in sensitivity
by factors of a few are insufficient to motivate new
experiments. An order of magnitude improvement
can only be achieved by running Super-Kamiokande
for many, many more years, or by constructing an

order of magnitude larger experiment.

Feature



Super-Kamiokande Holds the Current
World Records

The “classical” proton decay mode, p—e*n’, can be
efficiently detected with low background. At present,
the best limit on this mode (/g > 8x10% yr, 90% CL)
comes from Super-Kamiokande. Supersymmetric
theories favor the mode p—vK*, which is
experimentally more difficult due to the unobservable
neutrino. The present limit from Super-Kamiokande
is /B > 2x10% yr (90% CL). However, the actual decay
modes of the proton are also unknown, a priori, and
can produce quite different experimental signatures,
so future detectors must be sensitive to most or all
of the kinematically allowed channels. Moreover, the
enormous mass and exposure required to improve
significantly on existing limits (and the uncertain prospects

for positive detection) underline the importance of

®l\{ Proton Decay

c

Figure 2. A schematic of the proton decay mode p— e* + n°

any future experiment’s ability to address other
important physics questions while waiting for the
proton to decay. Proton decay experiments have
made fundamental contributions to neutrino physics
and particle astrophysics in the past, and any future
experiment must be prepared to do the same.

A variety of technologies for discovery of proton
decay have been discussed. Of these, water Cherenkov
appears to be the only one capable of reaching
lifetimes of 10 years or greater. Other techniques, for
instance liquid Argon or liquid scintillation, have been
discussed but their putative advantages are largely
speculative and the feasibility of their employment on

the scales required is far from proven.

Global Efforts toward Next-Generation
Experiments

In order to carry the search forward it will require a
renewed commitment to this essential physics, ideally
as part of a global effort. Research groups in Europe,
Japan and the United States are fully cognizant of the
need to work together (and indeed are already doing so).
Cooperative, parallel studies of future underground
water Cherenkov proton decay experiments are
underway in the U.S. (at the new DUSEL site), Japan
(Hyper-Kamiokande) and in Europe (MEMPHYS). The
proposed designs are at the megaton scale. Detailed

Monte Carlo studies, including full reconstruction of
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Figure 3. The Super-Kamiokande detector after replacing damaged tubes and before filling with water.

simulated data, indicate that the proposed detectors
could reach the goal of an order of magnitude
improvement on anticipated proton decay limits from
Super-Kamiokande. With sufficient exposure, clear
discovery of proton decay would be possible even at
lifetimes of (few) x 10® years. A detector with mass

O (1 Mton) would also be a powerful tool for studying
neutrino physics.

Super-Kamiokande continues to produce superb
and exciting results. There is every reason to expect
that the next generation proton decay experiment
will accumulate an equally impressive list of
accomplishments, if support commensurate with its
physics potential is forthcoming.

R&D towards more efficient and economical photo-
detection — both improved conventional photo-

multiplier tubes and more novel technologies —

while not required to build the next large detector,
could reduce its cost and increase its physics reach
considerably. This R&D should be strongly supported,
since they will also benefit a host of other research
efforts.

Finally, the search for proton decay is only
one of many particle physics and astrophysics
activities requiring extensive, modern underground
infrastructure. A national underground laboratory
being planned in the U.S. would greatly facilitate
not only proton decay, but a whole spectrum of
large and small experiments now being planned or
discussed. Such a laboratory would undoubtedly
achieve tremendous economies, by providing a single,
centralized infrastructure for many experiments, each
of which would otherwise be forced to duplicate it
themselves.
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IPMU Interview

with Hiroshi Komiyama

Interviewer: Hitoshi Murayama

I am working for "All Japan"
now

Murayama: On your last day
as President, | had a chance to
speak with you, and when |
gave you the standard greeting
at retirement “Otsukaresama
deshita”[* 1], you replied
jokingly

“No, I'm not tired.” How is life
for you now?

Komiyama: Everyone thinks |
have a lot of leisure time since

I retired from President. That
assumption makes me busier.
Murayama: | see. You must
receive a lot of requests, like this
interview.

Hiroshi Komiyama served as
President of the University of Tokyo
(UT) from April 2005 through
March 2009. From April 2009, he
has been holding a position of
Chairman of the Institute, Mitsubishi
Research Institute, Inc. He graduated
from the Chemical Engineering
Department, UT, in 1967. He
received a Doctorate in Chemical
Engineering from UT in 1972. Since
then he has been working at UT.

He became Professor in 1988; was
Dean of Faculty of Engineering from
April 2000 through March 2002;
Vice President in April 2003; and
Managing Director & Executive Vice
President in April 2004.

IPMU News No.6 June 2009

Komiyama: The number of
invitations to speak has tripled
since my days as President. But
| only accept special requests:
for instance from old friends or
events with 3,000 or so college
students attending.

Murayama: | see. So,
you are basically
here [Mitsubishi
Research Institute, Inc,
hereafter MRI] except for
lectures?
Komiyama: | have a contract
with MRI to work here two days
a week. But they also handle
calls from anyone who wants
to contact me. Therefore, | keep
my office here and, in a way,
I'm working for "All Japan." For
instance, in the editorial column
"Economic Lesson" of the
Nikkei News Paper, | proposed
what we should do with
environmental energy including
specific fiscal measures.
Murayama: Was that for the
government or for private
companies?

Photovoltaics for home
roofs by the initial national
investment
Komiyama: As the first
commitment period of the

*1: If translated literally, this means
"You must be tired."



Kyoto Protocol will expire in
2012, a new international
framework will need to be
negotiated. How can Japan
reduce emissions of CO,?
Japan is weathering a rough
spell financially. So | presented
a proposal to reduce emissions
of CO, without posing a

large financial burden. On

the contrary, we will be able

to grow our economy. |

called them "self-sustaining
government bonds." The
premise is to issue government
bonds and purchase
photovoltaics, for instance.

The government will make
contributions towards putting
photovoltaic solar panels on
the roofs of homeowners who
want to join this system. If the
photovoltaics are nationally
owned, the electricity revenues
will be national income. Then,
even at its current price, initial
investments can be recouped in
about 15 years.

Murayama: Will the electricity
expenses be what we usually
pay to the power company?
Komiyama: In the beginning,
they will be set a little higher
than your regular electricity
bill. Fifteen years later, the
photovoltaic panels will become
the property of the homeowner.
So, no one loses money. And,
there will be photovoltaic solar
panels on the roofs of homes
throughout Japan. I'll tell you
why it is possible — because the
government will grant loans
towards the initial investment.
The private photovoltaic
panels on my roof was a 2
million yen investment. That
was seven years ago. The

annual energy cost was about
300,000 yen before installing
the photovoltaic, but now it is
only about 50,000 yen. Of this
difference, about 110,000 yen is
from photovoltaic. This means

| could get my 2 million yen
investment back in 18 years.
Now it is possible in 10 years.
Still, 2 million yen is a painful
amount for most families to
pay now and get it back after
10 years. But they will be happy
if the government pays the cost
in advance. In Japan, there is
about 1.5 quadrillion yen

in personal assets.

Because people are

concerned about

finances after retirement,

they save without spending.
But, if these self-sustaining
government bonds are issued
with a 1% extra premium,
people will invest in it. It will
simultaneously stimulate

the economy and create

new industries. This is what |
proposed. It is not something
that involves only me personally,
but something that should be
discussed with a number of
people to share knowledge,
consolidate ideas, and form and
initiate policy. That is what |
want to do from now on.
Murayama: How exactly do
you make that happen? Does

Hitoshi Murayama is the founding
director of IPMU. He received a
Doctorate in Physics from the
University of Tokyo in 1991. After
having worked at Tohoku University
as a research associate, he went to
the United States in 1993. At the
University of California, Berkeley, he
became assistant professor in 1995,
associate professor in 1998, and
professor in 2000. He returned to
the University of Tokyo as director of
IPMU in January 2008.

Interview



the government consult you, or
will you submit a proposal with
the group members?
Komiyama: That's a good
point and it's also my biggest
concern. Do you know we had
a council of advisers to the
Prime Minister? About a month
ago, the Prime Minister invited
about 80 specialists from a
wide range of fields and sought
advice from them. | was invited
as a specialist in the
environmental energy-related
field and conveyed my idea. But
nothing happened, even though
| received media coverage and
my suggestions were reported.
It made the front page of

the Nikkei News Paper, too. |
received enthusiastic responses
like, "What you said was really
great!" Still, Japan doesn’t
move. Why is this? When my
retirement from the presidency
was approaching, | thought to
myself, "What should | do for
Japan?"

Murayama: You mentioned
you felt like you were Al Gore.
Komiyama: But you know, Al
Gore lost the election so | don't
want to be Al Gore.
Murayama: [Laughs]
Komiyama: Just kidding. |
debated myself whether playing
full out for one organization
would give me enough
incentive to keep going. No, |
couldn't do it for long except
from a global perspective for
Japan and | want to make a
difference with my life, which

is shorter than yours. That is
why | picked the think tank,
MRI. Of course, | don't believe
we can solve everything with
MRL. If I want to work on

"global perspective Japan,"
networking is important. The
University of Tokyo is a very
important network hub, so MRI
is by extension important, and |
myself became a node involved
in the process that will help
Japan take the lead.
Murayama: You have been
right in the middle of the
University of Tokyo. Do you
have a different impression of
the university now by observing
it from outside?

Komiyama: So far, | think

the new administration is still
looking for a concrete direction.
| suppose the University of
Tokyo has a responsibility to
meet certain expectations yet
maintain direct contact with
society through a practical
branch of learning.

Murayama: What is the
practical branch of learning?

Learning originates from
human needs

Komiyama: For instance,

the current environmental
problems, sustainability, and
making an aging society in
the 21st century more active
are major issues affecting all
mankind. Japan is a country
with one of the largest aging
populations and so there is
learning for this issue. Learning
originates from practice. Your
subject can have a different
framework but the most of
learning originates out of
needs, creates specific actions;
those actions are systematized,
and the framework of learning
will be established. Very typical
is Engineering.

Murayama: It has been said

that mathematics was born
from the need to survey the
boundaries of the land in the
Nile Delta region after floods.
Komiyama: Then, all learning
was born to meet human
needs. | think there are three
major issues for the mankind in
the 21st century; an “explosion
of knowledge,” the finite and
shrinking earth in comparison
with human activities, and an
aging society. | expect effort to
address them will create new
learning. When we talk about
“structure of knowledge,” it
often reminds me of the Nobel
Prizes awarded to Dr. Yukawa
and Dr. Koshiba. Both are most
prestigious Nobel laureates who
created new fields in physics.
Dr. Yukawa's work is easy to
understand for me. In all, the
reason why electrically positive
protons stick together without
coming apart is explained as
due to playing catch or an
interaction. | can understand
that intuitively. But, when
talking about neutrino, | would
not understand it as intuitively
as Dr. Yukawa's work. For
instance, | would not understand
its value unless someone
explains to me the reason and
impact of probable neutrino’s
mass in an easy-to-understand
structural way. In the time of
the explosion of knowledge,
physics has many things that
all people want to know from
curiosity, such as what the root
of the universe is. The media
gives good explanations for them
by using easy-to-understand
expressions, but | don't think
that is enough. | wish someone
would explain it in a more a

IPMU News No.6 June 2009

structural manner — it may

not be presented by means of
papers only but also by utilizing
other means, such as virtual-
reality technology and the like.
| hope someone can make the
whole thing a little easier, as
was done for explaining Dr.
Yukawa's Nobel Prize work.
Murayama: | see. | think it is
extremely interesting that the
reason why the neutrino should
attract everyone's attention

is because it is the reason why
we, human beings, exist in the
universe — | think it is quite a
strong argument. All matter
has corresponding antimatter.
Here is a problem specific to
the neutrino: how can we
distinguish between neutrinos
and antineutrinos when they
do not have electric charges? —
[t may well be that there is no
distinction. Then, they could be
interchanged. At the time the
universe was born, a large
quantity of matter and
antimatter was created, but,
unless a tiny bit of anti-matter
was turned into matter,

there will be nothing left in

the Universe. Neutrinos and
antineutrinos look the same, so
they may have caused it. It may
well have been that neutrinos
played the crucial role of
turning a billionth part of anti-
matter into matter.

Komiyama: | see.

Murayama: | am often asked if
research at IPMU is useful at all,
and | answer “No, | don't think
50", How does that sound to you?

Structuring of knowledge
links value with knowledge

Komiyama: We need to take a



step forward to ask what the
word “usefulness” means. |
think it means values for human
beings. There is a theory called
“value theory” and it is said that
there are four or six values in
total. But the only value having
genuine value is “knowledge
value.” Also there is “public
value,” “economic value,”

and the like. Normally when
we talk about the values, the
economic value is highlighted,
but it is only one of the values.
In the past, knowledge value,
economic value, and public
value were rather simply tied
together and were integrated.
For example, once penicillin was
discovered, no one died from
infection anymore; Pfizer made
a fortune and at the same

time a knowledge value of
antibiotics emerged. The same
was true for semiconductors
and lasers. However, because
of the underlying explosion of
knowledge, now these three
values get separated from each
other rapidly. This situation is
the same for any field.
Murayama: What do you think
is needed to integrate them?
KKomiyama: For example, talking
about the neutrino, what may
be needed is to explain it like
you have just done.
Murayama: Did you feel it was
useful?

Komiyama: Yes, | did.
Murayama: I'm glad to hear
that.

Komiyama: | remember | heard
part of the story somewhere
before — there existed a little bit
more matter, or the other way
around, and so it survived to
form the present world. You've

explained beyond that —
neutrinos might be responsible
for it, because they have no
electric charges, neither plus
nor minus. It makes me feel as
if | understand the story, quite
apart from whether | really
understand it at all.

Both: [Laughs]

Komiyama: That's an example
of integration of values. But, it
is possible because physics is
simple. Once the unified theory
is established, physics comes
to an end. This is peculiar

to physics. Other disciplines
diversify toward human beings.
Let's think about, say, energy.
IPCC (the Intergovernmental
Panel on Climate Change)

was awarded the Nobel Peace
Prize. But, the only thing IPCC
achieved was that it discovered
that the Earth's temperature
was rising in the 20th century.
Murayama: And apparently it
will continue to rise.
Komiyama: Correct. How did
they do it? About 200 top-
class scientists read 20,000
articles altogether in such a
way that each article was read
by several of them. The issue

is so complicated that they
barely managed to reach the
conclusion only after this work.
However, global warming

is a physical phenomenon
controlled by only heat and
material balances. For all that,
the energy studies such as
wind power, nuclear power,
photovoltaics, geothermal
power, and wave energy are
about 10,000 times more
complicated. But, unless
ordinary people can understand
by intuition what is truly

correct, it is impossible to
understand the essentials. It
would be overwhelming task
to make things understandable
by intuition. | think 2050

will be a time when half of
researchers will be working on
the structuring of knowledge,
that is, to combine knowledge
with value for human beings.
Otherwise, there would be no
relation between knowledge
and human beings.
Murayama: Is that a university's
role?

Komiyama: Yes, that is exactly
a university's role. When The
University of Tokyo Newspaper
carried serial articles, “The
University of Tokyo in 2050,” |
wrote the first installment in the
series. One of the topics | wrote
was about diversity; a third of
students will be those who are
similar to the present students,
another third will be those who
are working in society, and

the other third will be those of
foreign nationality. The other
topic was, as | just said, half of
researchers will be those similar
to the present researchers and
another half will be researchers
working on the structuring of
knowledge.

Murayama: So far, researchers
have focused on producing
knowledge, but now they are
requested to take another step
forward to clarify its value. Is
this what do you mean?
Komiyama: That's right.
Although physics, in particular
your field, is an exception
because it converges towards
unified theory, all knowledge
of other disciplines is heading
towards 1ppb. This is something

that | say very often these

days. They are heading more
and more towards the tip of a
needle. The probability of this
needle point connecting to
value for human beings is zero.
Infinity and nothing are identical
and infinite information means
you have no information. | think
this kind of situation will come
sooner or later.

Murayama: What action are
you taking to overcome it?
Komiyama: We have
established the Center for
Knowledge Structuring
Murayama: Has it been moving
in a good direction?
Komiyama: Well, | don't know.
Engineering is a discipline that
should be most sensitive about
it. So the Faculty of Engineering
has been seriously discussing
this formidable situation for
the past decade or so. As | have
said earlier, three issues that we
have in the 21st century are
the finite and shrinking earth,
aging society, and the explosion
of knowledge. | strongly believe
that universities should take
responsibility for the explosion
of knowledge.

Internationalization of
university: why and how

Murayama: You have
suggested that each one third
of the university students will
be those who are similar to
the present students, those
who work in the society, and
those of foreign nationality.
It is especially difficult to
bring in foreigners, but

why do universities have to
internationalize and how can
they achieve this?

Interview



KKomiyama: Now we are living
in the age of globalization.
More people are coming

and going, and information
reaches everywhere in the
world instantly through the
Internet. In this situation, | think
one of the important roles of
universities is to work towards
maintaining the diversity of
human beings. This is because
one aspect of the universities

is to represent the local needs.
To put it very simply, low
carbonization is the common
aim for humankind. This does
not mean that we should make
all the buildings in the world
identical. It's ridiculous. Our
buildings should go well with
monsoonal climate of Japan,
the climate of Tokyo. It is the
University of Tokyo that can
achieve low carbonization to
the satisfaction of people living
in the Tokyo area. Torino in Italy
has a different climate and life
style. People living in Torino can
also achieve something suitable
there. Yet there is something

in common. For instance, we
know that certain kinds of glass
windows give better thermal
insulation, so it's better to use
them. Even when we deal with
extremely physical issues such
as global warming, we share
something in common yet can
still maintain diversity. This is
the role that universities have to
assume.

Murayama: Do you mean that
people should dare to go out
and come in for maintaining
the diversity?

Komiyama: You are right.

Also, experiencing something
different makes young people

more motivated. The best thing
is to have various experiences
from childhood, but in reality,
they have few experiences. But
you can't blame the young for
it. How can we put the young
through diverse experiences?
There will be no diversity in

a group of 40 people each
with similar experiences. What
makes diversity is the presence
of a person who has grown up
in a different world and this is
crucial. Students, faculties too,
can enrich their experiences

by interacting with a variety of
people.

Murayama: | see. Then |

should mention about bringing
foreigners to universities in
Japan. How should we do it?
Komiyama: There are a number
of strategies. | have implemented
some of them at the University
of Tokyo when | was there. One
was to create a curriculum you
can finish using only English. It
will start soon. In addition, there
is Recruitment & Scholarship.
The point is to adopt a system
to Master's and Doctoral
courses where candidates

will be tested in local areas

and recruited to Japan with
guaranteed scholarships.
Another important strategy is
to establish Japanese language
schools in India or somewhere
in the Middle East. When |
visited India and Middle East, |
was asked to establish Japanese
language schools. The elites in
India can speak English since
their childhood. So if we build
Japanese language schools,

lots of them will come to learn
there. When those students
come to Japan after learning

Japanese, they can take courses
in Japanese. Considering Japan
as a whole, | believe that this
will work as a good tool for
internationalization. It is actually
tough to teach in English. Some
faculty members may be able to
maintain the quality of teaching
even when they teach in English,
but students can't keep up.
Murayama: This will be the last
question. Now that IPMU has
been established - and | believe
it was your product - what do
you think of it so far?
Komiyama: It has been
working effectively far beyond
my expectations. To my mind,
internationalization is the front-
runner in getting answers to
many different problems in
Japan. Take mobility of people
between universities. It is not
easy at all to activate personnel
exchanges between the
University of Tokyo and Kyoto
University. It is easier to do it
with foreign universities. It will
come back to us in the end and
have influence on increasing
mobility in Japan. In this way, |
believe, that internationalization
will be the most effective
specific measure to address

all problems we face. In this
sense, what IPMU has been
doing is good for everything.
Thanks to IPMU, the percentage
of foreigners has increased
dramatically. This enabled us to
build the International Guest
House and begin vitalizing
Kashiwa Campus. And IPMU
catches attention. It has made
people to think “We didn’t
know we could do this,” or “We
didn't know we were allowed
to do this.” As a result of
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corporatization, the university
has discretionary power. If you
are certain that you are free,
you are free and if you think
you are not free you are not.
What is important is that strong
organizations state they are
free and demonstrate that they
are free to do what they want
to do. This can only be done by
strong organizations. IPMU is
doing a good job on this as well.
Murayama: IPMU is at the
moment regarded as special
zone inside the University of
Tokyo and has been allowed
to challenge a variety of things.
Meanwhile it has become a so-
called Dejima [#2] with barriers
around it. What could be done
to take them down?
Komiyama: It is fine to begin
with a Dejima.

Murayama: Do you think so?
Komiyama: When | was Dean
of the Faculty of Engineering,

| built with the help of
donations the VLSI Design and
Education Center located in
Asano Campus, away from the
main territory of the Faculty

of Engineering, and called it
Dejima, a place you could do
anything. It did not go very well
at first, but now it has become
an extremely good cycle. So,
there is no use in feeling rushed.
Murayama: | understand. | will
enjoy myself inside Dejima for
the time being.

Both: [Laughs]

Murayama: Thank you very
much for your time.

%2 : During the 16th century,
Japan's shogunate adopted the
national seclusion policy. Dejima

in Nagasaki was constructed as an
artificial, isolated island for severely

restricted trading with only Dutch
and Chinese merchants.



Our Team

José M. Figueroa-O'Farrill

IPMU Professor

My research may be described as an exploration of
the mathematical landscape of M-theory. Much of it
deals with supersymmetry, which can be understood
as adding extra quantum dimensions to spacetime.
The bulk of my work touches upon the gauge/gravity
correspondence, most recently on the one associated
to M2-branes, whose understanding might shed light
on one of the outstanding problems in string theory:
to find a formulation of eleven-dimensional M-theory.
Currently | am involved in a research programme
based on a recent proposal for a nonabelian theory
of membranes. The current view is that membranes
are described by three-dimensional superconformal
Chern-Simons theories, which can be formulated
in terms of somewhat exotic mathematical objects

known as 3-algebras. Together with my collaborators

Research Area: Theoretical Physics

| have obtained a number of structure results about
these objects and continue to apply them to the

study of the superconformal theories.

Our Team



Se rg ey Ga I kl n Research Area: Mathematics

Postdoc

| work with the Fano varieties and their properties
prescribed by the Mirror Symmetry. In particular |
do the degeneration of Fano varieties to toric ones
and try to describe Fano varieties by their quantum
D-module (Gromov-Witten invariants). For these | use
(and sometimes justify) things like recently constructed
hidden integral structures in the quantum

cohomology, homological mirror symmetry and

Dongfeng GaO Research Area: Theoretical Physics

Postdoc

String theory is believed to be a promising
candidate for a theory of everything. There are five
consistent superstring theories in 10-dimensional
spacetime. To make contact with the real world
particle physics, the six extra dimensions have to be
so tiny that they are undetectable. This is called the
string theory compactification. In the past, we have

studied the structure of D9-brane Chan-Paton factors

Tsz Yan Lam

Postdoc

Research Area: Astrophysics

My research focuses on the formation and the
evolution of large scale structure. | showed how to
use simplified analytical models to study the non-
linear gravitational effect. It is essential to understand
how gravity modifies cosmological signals in order to
achieve the percent level precision constraint in the
next generation of sky surveys. | am also interested

in constraining primordial non-Gaussianity using

i

arithmetic of Landau-Ginzburg models mirror dual to

Fano varieties.

in Type Il orientifold theories. This provides important
information on string theory compactification. I am
now working on the string theory phenomenological
model building.

large scale structure. Such detections will have big

implications for discriminating inflation models.
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Rajat Manl ThomaS Research Area: Cosmology

Postdoc

Detailed observations in multi-wavelengths of
our Universe up to a redshift of 6 and precise
measurements & analysis of the cosmic microwave

background (CMB) has left us with only a small

fraction of the visible Universe that is not observed.

This is the so called "dark ages" and the "Epoch
of Reionization" (EoR). My interests are, on the
astrophysical side, in efficient modeling of the

21(1+2)-cm from this epoch and on the technical

aspect, signal processing techniques for the
extraction of these signals from the much higher
galactic & extragalactic foreground contamination.
On a completely different note, | also work on

theoretical neuroscience & neuroimaging.

An image of the completed IPMU Research Building (center) superimposed on the present campus view.
Right: Building of the Institute for Cosmic Ray Research. Left: Building of the Institute for Solid State Physics.



Workshop Report

Focus Week: New Invariants and Wall Crossing

Hirosi Ooguri

Principal Investigator

Yukinobu Toda

IPMU Associate Professor

Domenico Orlando

IPMU Postdoctoral Fellow

Susanne Reffert

IPMU Postdoctoral Fellow

This year marks the 80th anniversary of quantum
field theory. Quantum field theory is a program
to apply the principles of quantum mechanics to
“fields” such as the electromagnetic field, and it is
the fundamental language of elementary particle
physics. However, it is incomplete as a mathematical
theory. The mathematical formulation of the Yang-
Mills theory (an important example of quantum field theory)
has been posed as one of the 7 Millennium Problems
by the Clay Mathematics Institute along with the
Poincare Conjecture, the Riemann Hypothesis and
the P versus NP Problem.

Although quantum field theory has not yet
become a part of mathematics, some approximate
results by physicists have been made into precise
mathematical conjectures, and they have inspired
developments in modern mathematics. For example,
roughly 40% of Fields Medalists in mathematics
since 1990 have worked in areas closely related to
guantum theory. In return, such developments have
provided powerful new tools to study quantum
field theory and superstring theory. Since one of the
stated goals of IPMU is to generate new mathematics

by enhancing collaborations between mathematicians

and physicists, the research opportunity in quantum
field theory has not escaped our attention.

Though physicists use integrals over infinite
dimensional spaces of field configurations to
perform computations in quantum field theory,
such integrals are not well-defined. Fortunately, for
certain quantities in supersymmetric field theories,
the infinite dimensional integrals reduce to finite
dimensional integrals, for which precise mathematical
approaches are possible. This Focus Week has
gathered leading mathematicians and physicists
working on “quantum invariants” defined by such
integrals. The “wall crossing” in the title of the Focus
Week refers to a phenomenon where the values of
guantum invariants change by some kind of phase
transition. It has important consequences both in
mathematics and in physics. In mathematics, it has
provided new insights into the classification of higher
dimensional geometry. In physics, it has played
fundamental roles in deriving low energy effective
theories from superstring theory, in analyzing
quantum states of black holes, and in studying
strongly coupled effects in gauge theories.

In response to the rapid progress in the field,
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“Conference in the Time of Influenza”

this Focus Week was quickly put together in three
months by the organizational committee consisting
of 1 mathematician and 3 physicists. It gathered

11 invited lecturers from all over the world, among
whom 7 were mathematicians and 4 were physicists.
The organizers made various arrangements to
enhance interactions between mathematicians and
physicists. For example, each invited lecturer was
asked to prepare two hour lectures. The first hour of
each lecture was to aim at a broad audience. After

a 10 minute break, latest results were presented in
the second hour. This format turned out to be very

popular. Here is a typical quote from the comments

sent by one of the invited lecturers after the meeting:

“I really liked the idea of the format of the talk with
two hours, one geared to the general audience and
one more specialized. Personally I've learned a lot
from the first hours of the lectures.”

In addition to invited lectures, we solicited talks by
young researchers. Among them, 4 mathematicians
and 4 physicists were selected to give a 45 minute
talk each. The total number of registered participants
was 66, among whom 32 were mathematicians

and 34 were physicists. It was genuinely an

interdisciplinary meeting, “crossing walls” between
mathematics and physics.

Since the Focus Week was held in the midst of
the HIN1 Influenza pandemic, every possible step
was taken to ensure the health and well-being of
the participants. We placed alcohol-based hand
sanitizers at the 2 entrances of the conference
building and asked everybody to use them. We
bought 700 surgical masks for the conference,
encouraged participants to get new masks every
day and reminded them to wear them. In the
opening address, we made a special presentation to
demonstrate how to wear and dispose of the masks
properly. In addition to asking all the participants to
measure their body temperatures in every morning
and evening, we set up a thermographic camera at
the exit of the conference hall and measured the
body temperatures of all the participants before
lunch every day. Participants cooperated with us
with a sense of humor; some called the meeting
as “Conference in the Time of Influenza” making
a parody of the famous novel” by Gabriel Garcia
Marquez.

* Love in the Time of Cholera

Workshop



Second WPI Follow-up Meeting

The WPI Program Committee held its
Second Follow-up Meeting on March
17, 2009. The Committee reviewed the
progress of the WPI project based on
a summary report by Program Director,
Dr. Kuroki, and a progress report from
each WPI center presented by the center
director, followed by site visit report of
the corresponding program officer. At
each Follow-up Meeting, attendants
hear scientific presentations after the
Committee’s closed discussion. This time,
IPMU Associate Prof., Naoki Yoshida,
and IPMU Principal Investigator, Hirosi
Ooguri, gave talks entitled “Physics
of the Universe ~The First Light-,"
and “Mathematics of the Universe,”
respectively.

The Follow-up results have been
made public at http:// www.jsps.go.jp/
english/e-toplevel/ data/08_followup/
Followup_e.pdf. The Committee
evaluated IPMU highly, as it is becoming
an “internationally visible WPI research
center” within a short time after its
launch. The Committee also pointed
to the strong and effective leadership
of Director Murayama. On the other
hand, the Committee mentioned some
points that need improvement. Among
them are fruitful collaboration between
mathematics and physics, the need for
tenured positions for researchers, and
access to graduate students.
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Current Construction of IPMU
Research Building

The IPMU Research Building is under
construction. Its unique design is thanks
to Professor Hidetoshi Ohno of the
University of Tokyo and KUHARA
Architects. A perspective view of
the building is shown on page 15.
Construction, begun on February 9,
2009, is currently ongoing at the 3rd and
4th floor level. Its expected completion
date is in December, 2009.

Construction area of the IPMU Research Building
as of June 10

PR Presentation in the Lobby of
the Head Administration Building

Each department of the University
of Tokyo takes turns to conduct a
presentation in the lobby of the Head
Administration Building. The IPMU PR
presentation is scheduled from May
15 to mid-July, 2009. It includes a
video introduction of IPMU by Director
Murayama, and “HATENA Universe”
footage, which simplifies technical
terms about the universe, by IPMU
researchers. There is also an exhibition in
the showcase: a computer simulation by
IPMU Associate Prof. Naoki Yoshida

| .-

Exhibition in the showcase
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entitlied “The Growth of the Large-Scale
Structure of the Universe.” Panels
detailing IPMU activities are also
exhibited.

IPMU Joint Public Lecture with the
Institute for Cosmic Ray Research
“Telling the Story of Universe”

On April 18, 2009, a joint public
lecture entitled “Telling the Story of the
Universe” was held for Kashiwa City
residents at Amuser Kashiwa Crystal Hall.
[t was the first time to try co-hosting the
lecture with the Institute for Cosmic Ray
Research, and it was mutually agreed
that two lectures a year would be
held (one for Kashiwa City residents). Takaaki
Kaijita, ICRR Director and IPMU Principal
Investigator, hosted the event; Kazuaki
Kuroda, ICRR professor, gave a speech
entitled “The Mysteries of the Universe
Explored using Gravitational Waves' ;
and IPMU Associate Professor, Naoki
Yoshida, gave a speech entitled “Stars
and Galaxies Born in the Dark Universe.”
The lecture drew 233 people, and, in a
survey, participants expressed the wish
that this kind of event continues, and
satisfaction with the front-line stories.

Particle Physics Special Talk Show “Is

Missing Antimatter the Largest Magic
Show in the History of the Universe?”

On April 18, 2009, the Particle Physics

Special Talk Show “Is Missing Antimatter
the Largest Magic Show in the History
of the Universe?” was jointly hosted
with the High Energy Accelerator
Research Organization (KEK) at Epochal
Tsukuba. It was a predigested show that
even elementary school pupils could
enjoy, and many families and groups

of children gathered for it. During the
lecture, “Where did antimatter go?”

the audience applauded enthusiastically
after IPMU Director Murayama had
explained antimatter using character
dolls. Afterwards, KEK Assistant Professor,



Takeo Higuchi, introduced the KEKB
High-Energy Accelerator in an easy-to-
understand manner. Finally, Close-Up
Magician, Tomohiro Maeda, performed
the “Rules of Energy” magic show,

and participants enjoyed taking in the
mysteries of both particles and the magic.

Director Murayama's Talk on
Singularities in the Universe at
110th University of Tokyo Public
Lecture on Tokui

Every Saturday between April 4 and
May 16, the University of Tokyo held
Public Lectures on Tokui at its Yasuda
Hall. The Japanese word tokui means
peculiarity, singularity, or uniqueness. On
April 25, IPMU Director, Hitoshi Murayama,
gave a lecture entitled “The Singularities
in the Universe, the Big Bang and Black
Holes.” The lecture was well received by
an audience of over one thousand people.

Talk Given to Elementary School
Pupils by IPMU Researchers of
Various Nationalities
A talk was held on May 22, 2009, at

the Tokatsu Techno Plaza in Kashiwa
City. Three IPMU researchers of various
nationalities, Marcos Valdes, Guillaume
Lambard and Susanne Reffert, gave a
10-minute talk each to 5th graders of
the local Toyofuta Elementary School,
interpretation provided by the IPMU
administrative staff. They addressed
mysteries of the universe such as what
the universe is made of and how it
began. They also talked about what
researchers are doing at IPMU. The sense
of humor they maintained throughout
the talk kept the pupils listening with

great curiosity. Among other unique
questions, one pupil asked: “If we were
sucked down to the middle of a black
hole, where would we go?” Pupils
became aware of IPMU as a place
where many researchers from abroad do
research.

Hirosi Ooguri Uses 3-Dimensional

Crystals to Decode Quantum
Information in Black Holes

Hirosi Ooguri (IPMU Principal Investigator)
and Masato Yamazaki (School of Science, the
University of Tokyo) have shown that each
guantum state of a particular class of
black holes in string theory corresponds
one-to-one to a molten crystal in three
dimensions. For example, an ice crystal
is formed by water molecules. When it
melts, it starts losing molecules from its
corners. Similarly, space-time without
a black hole is a perfect crystal. As the
crystal loses molecules, the black hole
grows larger. At the thermodynamic
limit, where the size of individual atoms
becomes negligible, they showed
that smooth space-time emerges and
Hawking's prediction is reproduced. The
result of this study was published in the
April 24 issue of Physical Review Letters.

IPMU Hosts a Meeting of the

“InterAction Collaboration” of

Particle Physics Laboratories

On April 14 and 15, 2009, a meeting

of the “InterAction Collaboration,”
whose members represent the world’s
particle physics laboratories such as
CERN and FERMILAB, was held in the
conference room of the University
of Tokyo's Kashiwa Library. The
collaboration developed and jointly
maintains the interactions.org web site,
which serves as a central resource for
communicators of particle physics. IPMU
joined the collaboration last year and
hosted the event this year. During the
meeting, the participants exchanged

information on public relations in their
countries, and discussed the resolution
of foreseen problems and overviews
of public relations. A participant from
CERN gave an interesting presentation
on how to deal with the media, using
the movie Angels and Demons as an
example.

Conference Report

Focus Week: non-Gaussianities in
the sky

“Focus Week: non-Gaussianities in the
sky” was held at IPMU for five days: April
6-10, 2009. Our universe has various
structures at different scales, such as
planetary systems, galaxies, clusters of
galaxies, and so on. According to the
latest theory, this rich array of structures
originates from quantum fluctuations
in the early universe. In this focus week,
leading researchers working on the
non-Gaussianities of fluctuations in
cosmology gathered together from
all over the world and discussed many
aspects of the subject, including theories
and observations related to inflationary
cosmology, the cosmic microwave
background, and the large-scale structure
of the universe. In a very timely way, a
new satellite, “Planck,” was launched
on May 14, not long after the end of
the workshop. This new observatory is
believed to have the potential to detect
the non-Gaussianities of fluctuations
in the early universe; so, some of the
predictions heard during the focus week
may be proved in the near future.

Conference Report

Focus Week: New Unchangeable
Quantity and Wall Crossing

This focus week was held between
May 19 and 22, 2009, in the Media
Hall of the Kashiwa Library. The IPMU
administrative staff was dealing with

News



the New Flu precautionary measures,
which were taken with regard to all the
participants and people concerned. These
early precautionary measures and the
introduction and use of thermographic
measurements meant that the research
conference ran smoothly. Further details
are reported on page 16.

Future Conference

Dark Energy; Lighting up the
Darkness!

The IPMU International Conference
“Dark Energy, Lighting up the Darkness!”
will be held for five days, June 22-26,
2009, at the Media Hall of the Kashiwa
Library on the University of Tokyo
Kashiwa campus.

The aim of the conference is to take
on the topic of dark energy, which is the
biggest mystery of modern cosmology
and particle physics. Invited speakers will
address such topics as models of dark
energy, modified gravity, la SNe survey,
temperature anisotropies of the cosmic
microwave background, gravitational
lensing, baryon acoustic oscillation, and
surveys of clusters of galaxies using
the Sunyaev-Zeldvich effect and X-ray
observations.

Seminars

IPMU hosts regular seminars every
Wednesday at 3:30 pm. Information is
posted on the IPMU website at http://
db.ipmu.jp/ seminar/?mode=seminar_
recent).

Separate seminars are also held for
each research fields. At present, seminars
for particle physics and astrophysics
are held every Thursday at 1:30 pm,
mathematics and mathematical physics
every Thursday at 3:30 pm. Mathematics
seminars are also held at Komaba
Campus‘ (See IPMU Komaba Seminar)
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IPMU Seminars

1. “Aroadmap to the stars: towards a
global strategy for astroparticle”
Speaker: Stavros Katsanevas (IN2P3 /
CNRS and IPMU)

Date: Mar 02, 2009

2. “The stellar initial mass function in
low matellicity gas”

Speaker: Simon Glover (ITA,
Heidelberg University)
Date: Mar 04, 2009

3. “Precision Measurements at Hadron
Colliders”

Speaker: C-P. Yuan (Michigan State
University)
Date: Mar 05, 2009

4. "AdS Vacua, Attractor Mechanism
and Generalized Geometries”
Speaker: Tetsuji Kimura (YITP)

Date: Mar 05, 2009

5. “A holographic perspective on non-
relativistic defects”

Speaker: Andreas Karch (Washington
University)
Date: Mar 12, 2009

6. “Pulsars: excellent systems for testing
particle acceleration theories”
Speaker: Kouichi Hirotani (National
Tsing Hua University)

Date: Mar 16, 2009

7. “In situ commissioning of the ATLAS
electromagnetic calorimeter and
early Z' to ee discovery potential”
Speaker: Pierre-Simon Mangeard
(CPPM)

Date: Mar 18, 2009

8. “Introduction to the 2-categorical
homological algebra”

Speaker: Hiroyuki Nakaoka (The
University of Tokyo)
Date: Mar 19, 2009

9. “Dymanics of Hyperpolarized *Xe
Production”
Speaker: Geoffry Schrank (University
of Utah)
Date: Mar 24, 2009

10. “Development of segmented
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germanium detectors for neutrinoless
double beta decay experiments’
Speaker: Jing Liu (Max Planck Institut
fur Physik)

Date: Mar 24, 2009

. “Splitting Kaluza-Klein spectrum and

its phenomenology”
Speaker: Seong Chan Park (IPMU)
Date: Mar 25, 2009

. “Quantum Resolution of

Cosmological Singularities”
Speaker: Neil Turok (Perimeter
Institute)

Date: Mar 26, 2009

. “The Strong Gravity Theorem”

Speaker: Simeon Hellerman (IPMU)
Date: Mar 26, 2009

. “Is there eternal inflation in the

cosmic landscape?”
Speaker: Henry Tye (Cornell
University)

Date: Apr 01,2009

. “Holography and braneworld black

holes”

Speaker: Ruth Gregory (Durham
University)

Date: Apr 02,2009

. “The Kerr/CFT Correspondence”

Speaker: Wei Song (The Institute
of Theoretical Physics, Chinese
Adademy of Sciences)

Date: Apr 02, 2009

“Dark energy or light gravity?”
Speaker: Ruth Gregory (Durham
University)

Date: Apr 08, 2009

. “Improved Holographic QCD”

Speaker: Elias Kiritsis (University of
Crete)
Date: Apr 09, 2009

. “Studying Galaxies and Reionization

with 21-cm Cosmology”

Speaker: Rennan Barkana (Tel Aviv
University)

Date: Apr 14, 2009

“Composite Higgs Physics”

Speaker: Christophe Grojean (CERN)
Date: Apr 15, 2009



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

“Supersymmetry without Prejudice”
Speaker: Joanne Hewett (SLAC)
Date: Apr 16, 2009

“On the strong coupling behavior of
Wilson loops in N=2 superconformal
gauge theories”

Speaker: Takao Suyama (Seoul
National University)

Date: Apr 16, 2009

“New Insights into Cosmological
Gravitational Clustering”

Speaker: Francis Bernardeau (Saclay)
Date: Apr 17,2009

“The Landscape of Intersecting
Brane Models”

Speaker: Florian Gmeiner (NIKHEF)
Date: Apr 21, 2009

“Co-evolution of supermassive black
holes and galaxies within their larger-
scale structures”

Speaker: John Silverman (EHT-Zurich)
Date: Apr 22,2009

“Duality cascade of softly broken
supersymmetric theories”

Speaker: Tetsutaro Higaki (Tohoku
University)

Date: Apr 23,2009

“Future foam: Nontrivial topology
from bubble collisions ineternal
inflation”

Speaker: Yasuhiro Sekino (OIQP)
Date: Apr 23, 2009

“Some research on the BESIII
experiment offline software”
Speaker: Jike Wang (Institute of High
Energy Physics, Chinese Academy of
Sciences)

Date: Apr 27,2009

“Gromov-Witten Theory and
Integrable Hierarchies”

Speaker: Todor Eliseev Milanov
(North Carolina State University)
Date: Apr 27,2009

“Investigation of the sources of

the highest energy cosmic rays and
neutrinos”

Speaker: Hajime Takami (IPMU)
Date: Apr 30, 2009

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

“Four point functions of higher
weight operators in the AdS/CFT
Correspondence.”

Speaker: Linda Uruchurtu (DAMPT)
Date: Apr 30, 2009

“Ghost of massive gravitation in de
Sitter space”

Speaker: Keisuke Izumi (IPMU)

Date: May 07, 2009
“Landau-Ginzburg model and
integrable hierarchies”

Speaker: Yongbin Ruan (University of
Michigan)

Date: May 07, 2009

“Lecture Series on Topological
Strings and Mirror Symmetry at
Landau-Ginzburg-Orbifolds”
Speaker: Yongbin Ruan (University of
Michigan)

Date: May 08, 2009

“K3 surfaces with involution and
Borcherds products”

Speaker: Ken'ichi Yoshikawa (the
University of Tokyo)

Date: May 08, 2009

“Lecture Series on Topological
Strings and Mirror Symmetry at
Landau-Ginzburg-Orbifolds”
Speaker: Yongbin Ruan (University of
Michigan)

Date: May 11, 2009

“Neutrino Probes of Supernovae”
Speaker: S. Horiuchi (IPMU)

Date: May 14, 2009

“Surface operators and AdS/CFT
correspondence”

Speaker: Satoshi Yamaguchi (Seoul
National University)

Date: May 14, 2009

“Residues of Chern classes”
Speaker: Tatsuo Suwa (Hokkaido
University)

Date: May 15, 2009

“Index and residue theorems in
holomorphic dynamics, an overview
and some recent developments’
Speaker: Isaia Nisoli (University of Pisa)
Date: May 15, 2009

4

1. “The elusive neutrino: how double

beta decay and the EXO experiment
may help unlock its secrets”
Speaker: Andreas Piepke (University
of Alabama)

Date: May 20, 2009

42. “Neutrino masses in R-parity

violating supersymmetry”
Speaker: Avelino Vicente (IFIC)
Date: May 20, 2009

43. “Search for Dark Matters and Axios”

Speaker: JongHee Yoo (FNAL)
Date: May 21, 2009

44. “The n-category of cobordisms and

TQFTs”

Speaker: Alexander Voronov
(University of Minnesota)
Date: May 25, 2009

45. “The first generation of galaxies and

1.

21cm fluctuations”

Speaker: Smadar Naoz (Tel Aviv
University)

Date: May 28, 2009

IPMU Komaba Seminar

“Multiplication in differential
cohomology and cohomology
operation”

Speaker: Kiyonori Gomi (Kyoto
University)

Date: June 08, 2009

Personnel Changes

Changes of Principal Investigators

Two mathematicians, Akihiro Tsuchiya

and Michio Jimbo, stepped down as

IPMU Principal Investigators on March 31,

20009. IPMU Professor Tsuchiya continues
his research at IPMU. Professor Jimbo
moved from the Graduate School of
Mathematical Sciences, the University of
Tokyo, to Rikkyo University, and also left
IPMU.

As a result of these changes, IPMU is

in the process of finding new Principal
Investigators in the area of mathematics.
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Seesaw Mechanism

TSUtomU Yaﬂagida Principal Investigator of IPMU

When spin 1/2 fermions are massless, there are two independent fermions. One is the
left-handed fermion and the other the right-handed fermion. If they couple with each
other, they may have a mass m, together, as a devoted couple. In this way the electron
has a mass. However, in the case of neutrinos there is an anomaly, since they are
electrically neutral. The right-handed neutrino can have a mass together with its anti-
particle, since it is left-handed and neutral. This mass M with an anti-particle may be very
large compared with the normal mass m. The left-handed neutrino will then feel alone.
If the mass M is infinity, practically speaking it is as if the right-handed neutrino has gone
away and the left-handed neutrino remains massless. However, the mass M is finite and
hence the left-handed neutrino has a small mass m’/M. This mechanism which generates

small neutrino masses is called the seesaw mechanism.
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