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Takaaki Kajita is Director of the Institute for Cosmic Ray Research (ICRR), the University
of Tokyo, and a principal investigator at IPMU. He is a leading scientist in the fields of
neutrino astronomy and neutrino physics. He received 1999 Nishina Memorial Prize for
“Discovery of the atmospheric neutrino anomaly.” He also received 2002 W.K.H. Panofsky
Prize with Masatoshi Koshiba and Yoji Totsuka for “Compelling experimental evidence
for neutrino oscillations using atmospheric neutrinos.” He received his Ph.D. at the
University of Tokyo in 1986 and became a research associate at the School of Science,
the University of Tokyo. He moved to ICRR in 1988, and became an associate professor
in 1992 and professor in 1999. Since 2008, he has been Director of ICRR.
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Director’s Corner

Discovery

A truly fundamental discovery does not happen
very often. | was so lucky to witness one, when |
attended the Neutrino 1998 conference in Takayama,
Japan. One of our principal investigators, Takaaki
Kajita, gave a presentation there. The advertised title
of the talk was “Atmospheric neutrino results from
Super-Kamiokande & Kamiokande.” Doesn’t sound
very exciting. But when Takaaki took the podium and
showed his first slide, he proclaimed “l am going to
change the title of my talk today.”

The new title was “Evidence for muon-neutrino
oscillations,” and he showed that the neutrinos have
a little bit of mass. He demonstrated very convincingly
that muon neutrinos morph into something else as
they travel over a few hundred kilometers. It was truly
a defining moment in neutrino physics. People have
been looking for this kind of evidence all the way
since the 1960s, but failed.

| stood up at the end of presentation. About a half
of the audience followed, and gave Takaaki a standing
ovation. This normally doesn’t happen at a physics
conference, where scientists are supposed to be
critical, analytical, skeptical, and subdued. This was not
that kind of moment. It was truly moving.

It was believed that the neutrinos don't have any
mass at all, just like the photon that allows us to send
signals from Japan to Hayabusa explorer that landed
on an asteroid 20 light-minutes away and made

its way back to the Earth. If so, the neutrinos must

Director of IPMU
Hitoshi Murayama

be travelling at the speed of light. Einstein told us if
anything travels at light speed, its clock stops. But the
neutrinos do experience time, because they morph
over time from one species to another. They know
time, and therefore they must be slower than the
speed of light, which is possible only if they have a
mass.

Read what Takaaki says about his major discovery.
But we still do not know why the neutrinos have
mass. We are trying to find the answer with a new
experiment called KamLAND-ZEN. Hopefully we get

to report what we find in the near future.

Director’s
Corner
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Research Area:Experimental Physics

Atmospheric Neutrinos and Neutrino Oscillations

Introduction

About a hundred years ago, Victor Hess,
aboard a balloon, measured the radiation levels at
high altitudes and discovered cosmic rays. Later
investigations revealed that the main components of
the cosmic rays were protons and atomic nuclei, and
their energy spectra extended to very high energies.
The production sites and mechanisms of the cosmic
ray acceleration are not fully understood up to now.
Therefore, investigations are still made extensively in
search of their origin.

Cosmic rays incident on the atmosphere interact
with nitrogen and oxygen nuclei in the air, and
pions are copiously produced in these interactions.
Among them, positively or negatively charged
pions decay into a muon and a muon antineutrino.
Further, most of the muons produced in the upper
atmosphere decay into an electron (or positron), a
muon neutrino, and an electron neutrino (see Fig. 1),
though the muon has a relatively long lifetime of 2
microseconds. It should be noted that for simplicity
we do not distinguish between the positive and
negative signs of the charges nor the particle and
its antiparticle in this article. Therefore, it should be
understood that a “neutrino” actually means either
a neutrino or an antineutrino.

Neutrinos produced in this way are called
atmospheric neutrinos. After the muon neutrino was
discovered in an accelerator experiment in 1962,
experiments to confirm the existence of atmospheric
neutrinos were attempted deep underground in a

mine in South Africa and in another mine in India.
In these experiments, the atmospheric neutrinos
were observed in 1965. In this article | will explain
investigations of neutrino oscillations through
observations of neutrinos produced by cosmic rays.

Atmospheric heutrino observations in
Kamiokande

It was during the latter half of the 1980’s that
the atmospheric neutrinos attracted the attention
of many researchers. Till then, the study of
atmospheric neutrinos had not been developed as
a widely recognized research area since their first
observations in 1965. When several proton decay
experiments started throughout the world in the
1980’s, atmospheric neutrinos turned out to be the
most disturbing background in the search of proton
decay, and an understanding of this background was
necessary. The Kamiokande experiment was among
them. The Kamiokande detector, filled with pure
water with an effective mass (usable for particle
detection) of 1,000 tons, was located 1,000 m
underground in a mine in Kamioka, Gifu prefecture.
In this detector, Cherenkov light emitted by fast
charged particles travelling in water with velocities
faster than the light velocity in water was measured
with 1,000 photomultiplier tubes of 50 cm in
diameter.

Muons produced in the muon neutrino (v,)
interactions gradually lose their energy as they
travel through water. On the other hand, electrons
produced in the electron neutrino (v.) interactions
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Figure 1. Production of atmospheric neutrinos.
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form electromagnetic showers in water. Therefore,
muons and electrons behave very differently in
water. In Kamiokande, electrons and muons are
observed by detecting a ring-like pattern of emitted
Cherenkov light. In water, the Cherenkov ring pattern
of a muon is different from that of an electron as a
result of their different behavior. By exploiting this
fact, it is possible to identify muons and electrons.
For reference, Fig. 2 shows the Cherenkov-ring
pattern of an electron event and that of a muon
event, both observed by Super-Kamiokande which
will be mentioned later in this article. Based on

this idea, it is possible to identify events which had
a single electron-type Cherenkov ring and were
therefore considered to be ve interactions and events
which had a single muon-type Cherenkov ring and
therefore were considered to be v, interactions. As
a result, from the counts of both types of events, it
was found that the observed number of ve events
was almost as expected, but that of the v, events
was about 60% of the expected number.

Here, the expected numbers of events were
obtained by a Monte-Carlo simulation in which the
numbers of neutrino interactions in the Kamiokande
detector were obtained from neutrino interaction
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cross sections and calculated atmospheric neutrino
fluxes, and the detection efficiencies, etc., were

also taken into account. At around that time, it was
thought that these expected numbers had about 20
—30% errors which resulted from errors primarily in
the observed cosmic-ray fluxes. As the ratio of the
numbers of ve and v, events was calculated with
better accuracy, however, the error was estimated
to be less than 5%. For these reasons, the above-
mentioned Kamiokande results were considered
not to be explained by the systematic errors in the
calculations. On the other hand, it was possible to
explain these results if oscillations between muon
and tau neutrinos were postulated. This attracted
much attention at that time.

Before going on, let me explain the neutrino
oscillation. Here we consider two types of
neutrinos for simplicity, muon neutrino v, and
tau neutrino v.. If neutrinos have non-zero mass
(in this case, neutrinos having definite masses are
linear combinations of v, and v,), transmutation
of neutrino in flight occurs in such a way that a
neutrino which was initially v, changes to v. and
then changes back to v,. This phenomenon is called
the neutrino oscillation. Conversely, if neutrino
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Figure 2. Examples of (a) electron neutrino and (b) muon neutrino events observed in

Super-Kamiokande
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Super-Kamiokande. The sizes of the circles in this figure show the observed light intensity.

Also, the color of the circles shows the timing information of the observed light.

oscillation is discovered, it gives evidence for non-
zero neutrino mass. Fig. 3 shows the probability for
a neutrino, which was initially v,, to remain v, as a
function of the flight distance. Here, the mass of the
heavier neutrino state is assumed to be about 1/10’
of the electron mass. If neutrino mass is heavier
than this value, the period of oscillation is shorter,
and vice versa. Therefore, we can find the heavier
neutrino mass from the measurement of the rate
of neutrino’s transmutation. In reference to Fig. 3, it
should be noted that the “zero” survival probability
is actually realized in a special case. Generally, the
extent of v, disappearance is somewhere between a
tiny level and complete disappearance. The effect of
neutrino oscillation is maximized in the case of “zero”
survival probability in Fig. 3. This is the easiest case
to observe the neutrino oscillation.

Let us now think about combining Fig. 3 and
the atmospheric neutrino before returning to
the real experiment. Roughly speaking, neutrino
interactions at energies around 1GeV are most
frequently observed in atmospheric neutrino
experiments. Looking at Fig. 3, it is clear that if
the heavier neutrino state has about 1/10” of the
electron mass, the v, survival probability becomes

0 after a v, traveled about 500 km, showing clear
oscillation effects. If neutrinos produced in the
upper atmosphere come from directly above, their
distance of flight to the detector is about 15 km on
the average, so that neutrinos do not yet oscillate.
Neutrinos coming from the opposite side of the
earth, however, reach the detector after several
times of oscillations because the earth’s diameter is
about 12,800 km.

Though the Kamiokande results were very
interesting, they were not necessarily accepted by
many physicists. At that time, there were at least
three detectors that could observe atmospheric
neutrinos other than Kamiokande, but their
observation results were not consistent. Because of
this situation, we had to wait for the next generation
neutrino detector, namely, Super-Kamiokande (SK)
which would have overwhelming statistical accuracy.

Atmospheric neutrino observations in
SK and neutrino oscillations

As soon as the Super-Kamiokande experiment was
commissioned in 1996, the observed atmospheric
neutrino data greatly increased since its effective
mass for observation was about 20 times that of
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Kamiokande. Also, having accumulated more than
10 years of observational data already, and further
continuing observation for longer than any other
previous experiments, Super-Kamiokande makes it
possible to investigate atmospheric neutrinos using
far more observational data.

The most significant method to show neutrino
oscillations of atmospheric neutrinos is to compare
the numbers of neutrinos coming from above and
below and to study if they are consistent with the
expected numbers. Without neutrino oscillations,
calculations show that these numbers are nearly
the same. Therefore, if the number of events of the
neutrinos coming from below is significantly smaller
than that from above, then it must be compelling
evidence for the neutrino oscillation. Furthermore, if
neutrino oscillations are taking place between muon
neutrinos and tau neutrinos, electron neutrinos do
not take part in these oscillations. Therefore, an
up-down asymmetry should be observed in muon
neutrino events but not in electron neutrino events.
Along these lines, the zenith-angle distributions of
the atmospheric neutrino events have been precisely
measured. The results with the Super-Kamiokande
data up to 2008 are shown in Fig. 4, where a deficit

Survival probabili
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Figure 3. The survival probability of muon neutrinos is shown as a function of L/,

where L (km) is the distance and E (GeV) is the energy. The mass of the heavier
neutrino state is assumed to be 1/10” of the electron mass.

of the upward-going neutrino events is clearly
evident. Also, the zenith-angle distributions show
that the effect of up-down asymmetry is more
prominent at higher energies. This is because of

the following reason. At low energies the angular
correlation between the incoming neutrino and the
electron or muon produced in the neutrino reaction
is poor, and consequently the direction of the muon
is not a good indicator of the up-down asymmetry.
These results led to the discovery of neutrino
oscillation in 1998.

By comparing the data and the expected
distribution with neutrino oscillation, shown in Fig. 4,
neutrino’s basic physical quantities can be measured.
First of all, the mass of the heavier neutrino state
is estimated to be about 0.05eV/c’. It is 1/10” of
the mass of the electron, the lightest particle other
than the neutrinos. But, it may be that the heaviest
neutrino mass should be compared with the
heaviest quark (top quark) mass. In this case, the
ratio is about 1/(4x10"). The probability of muon
neutrino disappearance due to neutrino oscillations
is consistent with the theoretically allowed maximal
value shown in Fig. 3. If the experiment had better
accuracy, periodical decrease and increase of the
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survival probability of v, would be seen. Such
variation is averaged out, however, in the data
shown in Fig. 4. That is to say, the survival probability
of v, maximally decreases and increases, but it is
observed as the averaged value (a half). In any case,
the effect of the neutrino oscillation seems to be
maximal. Physicists call it as a large mixing. Although
the tiny neutrino mass seems to be explained by a
promising idea of the seesaw mechanism, it seems
that fundamental understanding of the reason for
the large mixing is yet to be obtained, requiring
further consideration by theorists. Further accurate
measurements will be needed experimentally as well.

Detection of tau neutrinos

Thus far we have seen that neutrinos oscillate
between muon neutrinos and tau neutrinos.
To be precise, however, our arguments are the
following. Namely, muon neutrinos transmute into
other neutrinos due to the neutrino oscillation,
and because the other neutrinos are not electron
neutrinos, they should be tau neutrinos. It would
therefore be decisive evidence if we can confirm the

Figure 4. Zenith-angle distribution of the atmospheric neutrinos observed
in Super-Kamiokande. cos@ = -1 corresponds to the upward-going
direction and cosé = 1 corresponds to the downward-going direction. The
two panels on the left side show electron events (mostly electron neutrino
events) and the two panels on the right side show muon events (mostly
muon neutrino events). The events shown in the upper panels have visible
energy of less than 1.3 GeV, and the events shown in the lower panels
have that of greater than 1.3 GeV. The lower right panel (for muon
events) also includes those events in which muons penetrate through

the detector. The broken histograms show the expected distributions
without neutrino oscillations, and the solid histograms show the expected
distributions with neutrino oscillations, assumed between muon neutrinos
and tau neutrinos.

transmutation to tau neutrinos by detecting them.

For this reason, evidence has been sought after
for tau neutrino production due to the neutrino
oscillation in the atmospheric neutrino observation
in Super-Kamiokande. Unfortunately, this search
is not easy for the following reasons. First of all,
the interaction rate is low because the threshold
of the tau neutrino interaction is relatively high
(about 3.5 GeV) due to the heavy tau mass and
the atmospheric neutrino flux rapidly decreases
with increasing energy. Furthermore, tau neutrino
interactions are not clearly distinguished from the
background events called neutral-current events,
because the produced tau particles immediately
decay, and, in particular, only hadrons such as pions
exist (other than neutrinos) in the final state in 65%
of the tau decay. A typical Monte-Carlo simulated
tau neutrino event is shown in Fig. 5. Analysis of
such an event seems difficult because of many
overlapping Cherenkov rings.

On the other hand, there is an advantage
characteristic to atmospheric neutrinos. Consider
studying the zenith-angle distribution by selecting
tau neutrino-like events. Tau neutrino events should

8 IPMU News No. 15 September 2011



Figure 5. An example of a Monte-Carlo
simulated tau neutrino event.
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be all upward-going events because they are
produced by neutrino oscillations. Background events
other than muon neutrino events, on the other
hand, should exhibit up-down symmetry. Therefore,
if we can show an excess of upward-going events
by studying the zenith-angle distribution of the tau
neutrino-like events, we will be able to statistically
show the existence of the tau neutrino events.

Based on this idea, the existence of the tau
neutrinos produced by neutrino oscillations has been
studied. The results of this study, though statistically
not decisive yet, showed that the data were
consistent with the production of tau neutrinos by
neutrino oscillations. We hope that more significant
conclusions can be obtained with increasing data in
the near future. Also, searches for tau neutrinos are
performed in accelerator experiments. It is expected
that tau neutrinos produced by neutrino oscillations
will be decisively observed in the near future.

Conclusions

As has been explained in this article, neutrino
oscillation was discovered by the studies of

Super-Kamiokande
Run 999999 Event 30

1 | 1
[ 500 1000 1500 2000

Times (ns)

atmospheric neutrinos, and details of neutrino
oscillation phenomena have been studied in the
high-statistics observations by Super-Kamiokande.
Thus far, mainly neutrino oscillations between muon
neutrinos and tau neutrinos have been studied. As
there are three kinds of neutrinos, however, we have
to study neutrino oscillations between three kinds
of neutrinos. We already know from solar neutrino
and reactor neutrino observations that electron
neutrinos also oscillate. Furthermore, the recent data
obtained in the T2K accelerator neutrino oscillation
experiment and in other experiments suggest that
muon neutrinos oscillate into electron neutrinos,
though the oscillation probability is not very high. If
atmospheric neutrinos are observed with very high
statistical accuracy, we will be able to observe all
these neutrino oscillations. Moreover, it is considered
possible to measure the order of masses of the
three neutrino states with definite mass, exploiting
the unigue characteristics of atmospheric neutrinos
that travel through the earth. Therefore, studies

of atmospheric neutrinos will keep contributing to
neutrino physics for many years to come.
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KGVi n B un dy Research Area: Astrophysics

IPMU Assistant Professor

| am excited to be joining IPMU not only for its
innovative and stimulating environment but also
because of the leading role IPMU and the National

Astronomical Observatory of Japan is taking in
pursuing advanced new surveys of the Universe.

My work focuses on the study of galaxy formation,
where we seek to understand the physical processes
that develop small density fluctuations in the early
universe into the rich and beautiful structure of
galaxies we see today. The SuMiRe survey program
that IPMU is developing for the Subaru Telescope will

mark a major milestone in this endeavor by charting new patterns of evolution that will tell us how the
the evolving properties of nearly 1 billion galaxies complexity of galaxies today originates in their

in an unprecedented volume of the Universe. With growth, interactions, and transformations over the
such a powerful survey, we will discover and quantify last 12 billion years.
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BlpIOb BhattaCherJee Research Area: Theoretical Physics

Postdoc

| am working on the phenomenology of particle
physics. My research interests are the study of the
Standard Model and scenarios beyond the Standard
Model physics, e.g., Supersymmetry, Universal Extra
Dimensions, etc. and prediction of signatures of such
models in the context of high-energy colliders such
as Large Hadron Collider and International Linear

Yu-Chieh Chung

Postdoc

My research interests center on flux
compactifications, their mathematical structures,
and their applications to string phenomenology
and cosmology. A recent development in F-theory
compactification opens a new window for GUT
model building. In F-theory, four-dimensional physics
in which we are interested is encoded by fluxes
and singularities in Calabi-Yau geometries. My
current research mainly focuses on F-theory model

RiCha rd Eager Research Area: Theoretical Physics

Postdoc

D-branes at Calabi-Yau singularities provide a
bridge between algebraic geometry and quantum
field theories. The Calabi-Yau geometry determines
the quantum field theory on the D-brane world-
volume. Many interesting properties of the quantum
field theory such as anomalies and beta functions
can be translated into statements about the Calabi-
Yau geometry. One of my research goals is to expand

Research Area: Theoretical Physics

Collider. Apart from this, | look forward to work on
the dark matter physics also.

building. It is interesting to understand better the
role of the fluxes as well as the relation between

physics quantities and singularities in the F-theory
framework.

this dictionary and create effective methods to
determine the quantum field theory associated to a
given Calabi-Yau singularity.

Our Team



JOhn KehayIaS Research Area: Theoretical Physics

Postdoc

My research interests have been diverse, and |
plan to continue doing research in several different
areas while at IPMU. My general research interests
include aspects of quantum gravity and geometry,
supersymmetric field theories (general aspects and
model building), and cosmology (inflation, dark
energy). My past research has included studying
fuzzy geometry and holographic spacetime, discrete

Siu-Cheong Lau

Postdoc

Research Area: Mathematics

My research interests are symplectic geometry,
complex geometry and their close relations with
modern Physics. More specifically, | work on mirror
symmetry, which is a duality between symplectic and
complex geometry discovered by string theorists.

Its enumerative power astonished the mathematical
society: it transforms quantum symplectic invariants,
which are very difficult to compute, into certain
classical integrals, which are much easier to handle.
Strominger-Yau-Zaslow proposed that mirror

Alexie Leauthaud

Postdoc

As we look towards distant galaxies, fluctuations
in the intervening mass distribution cause a slight,
coherent distortion of their apparent shapes. The
statistical measurement of this effect, known as weak
gravitational lensing, has become a fundamental tool
for observational cosmology, on par with studies
of the CMB and Supernovae. My work focuses on
measurements of weak gravitational lensing with the
aim of understanding the role that dark matter plays

12 IPMU News  No. 15

Research Area: Astrophysics

R-symmetries, generalized gaugino condensation,
axions in string theory, gravitational waves from
phase transitions in the early universe, and dark

matter.

L

symmetry can be understood geometrically by
duality between tori. Their approach has to receive
“guantum correction,” which is the main subject of
my study. As an application | compute open Gromov-
Witten invariants of Calabi-Yau and semi-Fano toric
manifolds.

in shaping the large-scale structure in the Universe. |
am very excited to join IPMU and in particular to be
involved in the SuMiRe project which will be one of
the leading surveys for weak gravitational lensing in
the next decade.

September 2011



Research Area: Mathematics

Changzheng Li

Postdoc

My current research interests have focused on
quantum cohomology of generalized flag varieties
and related topics. Most of my works have dealt
with the genus zero, three-pointed Gromov-
Witten invariants of flag varieties as well as certain
information on the ring structure of the quantum
cohomology. It is a known fact that the quantum
cohomology ring of a complete flag variety is

Chunshan Lin

Postdoc

Research Area: Cosmology

Cosmology provides us a unigue arena where
gravitation and quantum physics meet each other. It
is also a unique probe of ultra-high energy physics
beyond energies which can be achieved at colliders. |
have been working on several aspects of cosmology,
e.g., statistical non-Gaussianities of CMB primordial
perturbation, calculations of loop corrections to
correlation functions of inflationary perturbations,

Yu Nakayama

Postdoc

Our world is replete with scale invariant

phenomena, shape of the coastline, roman broccoli or
fluctuation of stock price to name a few. It is believed

that relativistic scale invariant quantum field theories
show a stronger symmetry known as conformal

invariance. Is this belief true? | try to attack this long-

standing unsolved problem by using the holographic

Research Area: Theoretical Physics

isomorphic to the homology ring of a based loop
group after localization. I am also interested in
finding a K-theoretic analogue.

dark energy phenomenology, modifying gravity, and

SO on.

principle and its mathematical structure in string
theory.

Our Team



RObert QL“mby Research Area: Astrophysics

Postdoc

When a star explodes as a supernova, it releases
energy that affects galaxy evolution, metals that alter
the chemistry of future stars and their planets, and
light that can be used to probe the distant universe
and its cosmology. My research has uncovered new
classes of superluminous supernovae, which are 100
times more luminous than typical outbursts. | am
currently working to better understand these events

Christian Schnell

Postdoc

Research Area: Mathematics

Before joining IPMU, | was a postdoc at the
University of lllinois at Chicago. My research is about
two topics in complex algebraic geometry: Hodge
theory and derived categories. On the one hand,
| study variations of Hodge structure and normal
functions; the motivation comes from families
of algebraic varieties, and especially, families of
hypersurfaces. On the other hand, | am interested in
knowing which topological and geometric invariants

and what they may reveal about our universe’s
history.

of an algebraic variety are determined by its derived
category. Recently, | have been thinking about Hodge
modules on abelian varieties, and about a certain
class of Calabi-Yau threefolds.
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Research Report

EGADS Gets Going

Mark Vagins

IPMU Professor

Several years ago, IPMU
Professor Mark Vagins and
theorist John Beacom suggested
adding 100 tons of gadolinium
sulfate to Super-Kamiokande
as a way - among other
benefits - to detect the diffuse
flux of supernova neutrinos
produced by all the core
collapse explosions since the
onset of star formation. These
ancient supernova neutrinos
could provide a steady stream
of information about not only
stellar collapse and
nucleosynthesis but also on the evolving size, speed,
and nature of the cosmos itself. This ambitious plan
is called GADZOOKS!, for Gadolinium Antineutrino
Detector Zealously Outperforming Old Kamiokande,
Super!

In order to demonstrate the safety and
effectiveness of this approach, a new, dedicated
gadolinium test facility has been constructed
underground in the Kamioka mine near Super-K.
Led by Vagins and IPMU Pl Masayuki Nakahata, this
large-scale R&D project is called EGADS: Evaluating
Gadolinium's Action on Detector Systems. It includes
a 200 ton scale model of Super-K complete with

240 50-cm phototubes, and a novel selective water

In the EGADS underground laboratory. From left to right: Roy Hall, Erin O'Sullivan,
Masayuki Nakahata, Jeff Griskevich, Mark Vagins

filtration system.

The system became operational in early 2011,
first running with pure water. In August, once it was
shown that the filtered water in EGADS was equal
in quality to that in Super-K, the first gadolinium
sulfate - 28 kg - was dissolved, allowing studies of
gadolinium filtration and transparency to begin. By
September, the EGADS selective filtration system
had achieved a gadolinium retention rate of 99.97%
per pass, while simultaneously cleaning unwanted
impurities from the water: a major achievement.

EGADS is scheduled to run through 2013, providing
key input to the ultimate decision regarding adding

gadolinium to Super-K.

Research
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IPMU Interview

with Roberto D. Peccei

Interviewer: Hitoshi Murayama

IPMU jumped through
incredible hoops at the
beginning

Murayama: Thank you so
much again for being the
chair of this External Advisory
Committee for---really, 4
years; and your constructive
criticisms so far have been
very useful for us to think

about how
to run the place—how

to ramp it up.

The university has been
listening to your important
suggestions. Thank you again.
I very much appreciate your
service.

Peccei: You know it actually
is a pleasure because it has

Roberto D. Peccei is Professor at

the Department of Physics and
Astronomy, UCLA. He was Vice
Chancellor for Research at UCLA
from 2000 to 2010. He is a world-
renowned theoretical particle
physicist. His research interests lie in
the area of electroweak interactions
and in the interface of particle
physics with astrophysics and
cosmology. He has been the Chair of
the External Advisory Committee of
IPMU since March, 2008.
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been fun to see something
grow from an idea to, really,

a reality, and you now live in
a wonderful building. There’s
lots of good science being
done. You have in very short
order become an international
institute that other people
recognize, and so spending
some time reviewing IPMU

is really a pleasure. It's not a
duty at all.

Murayama: Thank you for
saying that. Maybe you can
give me your impression on
what you saw at the very
beginning. You just mentioned
that it was just an idea, and |
agree with you—it was just an
idea at the infancy. How has it
developed from your point of
view?

Peccei: From my point of view
it was quite clear that Japan
made a big strategic move in
trying to start these WP, as
they are called. They picked
some good areas to do that
and clearly picking the area
that | am closest to, which
concerns the physics and
mathematics of the universe,
was an excellent idea. And it
is also important, | think, that
these institutes are associated
with first-class universities or
institutions. You could have
not been more strategic—in



picking a better place—than
the University of Tokyo.

I think | felt in the
beginning that you were
starting on very good
grounds. First of all, the
institute had you. It's true,
that’s important! Second,
there was real commitment
from the university
administration, originally
from Professor Komiyama,
and now also from the new
President, Professor Hamada,
and both of them really were
very committed. | have been
around for a long time and
it is really important to have
an institutional backing. You,
obviously, had lots of backing
from the University of Tokyo,
and also you were very well
funded because that's what
the Japanese government
wanted to do. It was very
good beginnings.

But, even if you have
good beginnings, it doesn’t
necessarily always develop this
way. And | think that one of
the things that | appreciated
was the commitment that you
had, and Nakamura-san had,
toward, actually making IPMU
a success. That was quite
clear, that was very important,
and you were asked to jump
through incredible hoops.
Murayama: Hoops, and we
jumped through them!
Peccei: To some extent |
think that External Advisory
Committee felt some
responsibility to give you as
much protection and advice
as we could because---
Murayama: Absolutely.
Peccei: ---we saw a good

idea developing and we just
wanted it to be successful. But
the success is yours. We're just

sort of bystanders and trying
to suggest things that might
be helpful.

Lots of important things Univ.
of Tokyo did for IPMU

Murayama: You just
mentioned that institutional

pore

backing is very important
and | am sure being

in a role of Vice
Chancellor of Research

at UCLA, you have seen

in some cases things
actually don’t quite

work the way they are
envisioned. What could
have been the pitfalls,
something we might have
to actually be careful about in
the future too?

Peccei: Well, for example,

the worst type of problem
that could happen is that the
institution is just interested in
the money that you bring in
and doesn'’t really care about
you, and so, will exploit you +
and pay lip service until you

have money. Then, when the i
money stops, says goodbye to
you. Well, certainly this is not
the case of Tokyo University.

| have seen, particularly in

the States where people can
be very hardnosed, good
initiatives that have really
failed. It was fine when the
faculty brought money in,

but the moment they didn’t
bring money in, the institution

Hitoshi Murayama is the founding
Director of IPMU. He is also Professor
at the University of California,
Berkeley.
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lost interest. Here, | found
that actually Tokyo University
really did think how best

to help you, and did lots of
important things for IPMU; for
example, it agreed to build a
building for you. Of course,
they are beneficiaries of this
thing too, but there was a real
commitment.

Murayama: | remember,

I think it was at the first
External Advisory Committee,
and | mentioned that the
university is building a building
for us and you looked very
puzzled, actually, that building
a permanent building for a
non-permanent institution,
how is that possible.

Peccei: Right. | think that that
kind of commitment was
important. Of course that

commitment has escalated
with TODIAS and now with
this initiative they really want
to embed IPMU into the
university properly. However,
I think that all of the backing

of the University of Tokyo
would have meant little if you
couldn’t bring here a group
of people that did first-class
science, that are committed
to the topic that the institute
is focusing on. | emphasized
the institutional backing but
that doesn’t work unless you
are also a first-class institute
or you grow into a first-

class institute and that has
happened and that’s been
very important.

Murayama: Amongst the
kind of science presentation,
the posters we have seen
yesterday, what is the kind of
aspect of those presentations
that you found interesting?
Peccei: | know that the

part that, to me, is really

very remarkable is the
interdisciplinarity of the
projects. | mean, | think you
and | have sort of gotten used
to it. But if you were to jump
back, there’'re people that
have changed careers doing

different things that they
themselves might not realize.
Most of what was discussed
really addressed problems
in more than one field of
science using techniques from
one part of science to do
something in another part of
science.

You have sort of made a
very smooth transition into
a highly interdisciplinary
institute. | know one of the
important questions you face
is always whether you can

integrate mathematicians. Yes,

you have actually integrated
mathematicians in the sense
that some of the physicists
have become mathematicians
without themselves realizing
that they have made a
transition, and vice versa.
Some of the physicists have
also become observers. You
have become, in a way, an
observer for the Subaru
project.

That is extremely healthy in
my view. | mean in my job as
vice chancellor for research,

I was the only person really
whose brief was to look
horizontally across the whole
university to see whether the
different sides collaborated.

I grew very, very fond of
interdisciplinary programs
and in some ways | grew to
understand what programs
were really interdisciplinary
and what programs were just
painted interdisciplinary.
IPMU is really interdisciplinary.
You have to be careful here.
For instance, you can do
something in somebody else’s
field and then perhaps you
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are the best physicist that
does some kind of medicine
but that doesn’'t mean that
you're doing good medicine.
In your case, you really are
truly interdisciplinary and
doing very good science in
different places. That is the
wonderful aspect of IPMU

Relation between IPMU and
traditional departments being
positive interference
Murayama: I'm sure you

have seen many new centers
coming up within UCLA
campus. One of the things

we should still worry about is
the relationship between the
traditional departments which
exist at the University of Tokyo
and how we can either learn
from them, how we can help
them, how we can work with
them. What was the sort of
success model in the case of
UCLA?

Peccei: | have a success model.
If you look at the university

at large, in your case, you
need to look at slightly more
restrictive but | think it's
basically the same concept. In
my case, | had to make sure
that the deans, who were
always interested in furthering
their school, and this is
natural, were also willing to
play with other deans to work
on some areas where they
overlap.

I think you have the same
situation here. Instead of
talking about schools, you're
really talking about various
departments. Chairs of the
various departments will have
their agendas; they would



like to make the mathematics
department or the physics
department better, and |
think that's perfectly fine.
But your job as director is
to try to convince them that
at times it'd be good if they
collaborate with IPMU and
that your institution is helping
them to achieve, not only
what they want to achieve in
their own discipline, but also
giving them a little bit of help
to achieve things that are
occurring in the interface, that
actually will, in the end, make
their discipline even better.

| think that you ought to
play this role here. | think
the most difficult thing that
| see, which is partly due to
the structure of Japanese
university, is this business of
the graduate students. | mean
you're, obviously, doing a
good job with the graduate
students but that has to come
a little bit more natural from
the departments. But, this is
clearly where you are going,
which is the right thing to do.
You have to figure how to do
more as a very large marriage
broker.
Murayama: Oh, | see.
Peccei: But basically making
people understand that by
helping you grow better or by
having IPMU being strong, it
actually makes their units also
strong. It doesn’t take away
anything. It actually adds—
because it’s positive and not
negative interference.
Murayama: Yeah. That's a
great way of looking at it.
At least | am trying to help
the physics department in

a way at least | could, like
trying to talk to freshmen
and sophomores one time
and trying to impress them
that physics is really an active,
vibrant and exciting field,

and apparently that seems

to have stimulated some of
them declaring their major

in physics and so on and so
forth.

Peccei: Yeah. | mean every
place is a little bit different.
There are different mores
that you have to live by. But
the idea is that you are doing
things that will be positive. It's
important to emphasize that.

Common problems WPI
institutes could work
together

Murayama: You also referred
to the fact that WPI is sort

of a national initiative and
institute, not only this place,
but five other places right
now. Again, being in the
capacity of vice chancellor

of research for long time,

you can probably look at the
other centers and fields and
see how maybe we can work
together in some way or if
Japan as a whole can open up
in some ways—what do you
see as the future direction?
Peccei: Actually, a good
microcosm of this happened
in the University of California
about 10 years ago, when the
State of California had money,
believe it or not, actually!
Murayama: It's hard to believe
now!

Peccei: They invested in

these California Institutes for
Science and Innovation and

created four institutes funded
by 100 million from the state
plus 200 million that you had
to raise as matching funds,
and they established four of
these institutes in different
areas. We had one jointly with
Santa Barbara in nanoscience;
Berkeley had one jointly with
Davis and with other branches
of UC basically on internet
kind of things. Then there
was also an institute that

did basically genomics and
biomedical research based in
UC San Francisco.

But anyway, these were
quite different institutes and
they were created by the
state because they wanted to
have California be prepared
for the future in terms of
new disciplines and new
ideas that would develop.
Even though they covered
different kinds of science, for
example, the fourth institute
which was based in the

University of San Diego was

in telecommunications, there
was sufficient overlap, not
intellectual, but from the fact
that each of these institutes
were created to help the state
be better prepared for the
future. | compare this to the
WPI effort because, again, the
WPI wants to have Japan have
some real leading institutes

in forefront areas of science
where they are recognized
and that will push science and
technology forward in Japan.
This is very similar to what
happened in California.

What happened is that
even though the institutes
were competing against
one another for funds, just
like you are, there was still a
commonality because the
institutes were put together
to achieve a sort of grander
goal. There was helpful
cooperation in that respect
among the institute directors,
even though you had to
compete because you were

Interview



going after the same pot of
money.

Murayama: That’s right.
Peccei: But there was a
commonality because you
had similar problems you
were trying to really solve.

In your case and the one of
the WPI program, | think, the
most difficult and challenging
problem, is really to have a
large proportion of foreign
visitors. This you have done
very well and very easily, but
it's not an easy thing to do.
Murayama: That’s right.
Peccei: So, there are certainly
common problems that you
have where | think the WPI
institutes could very well work
together.

Murayama: So we should
work on that, then. Good. So,
having seen this WPI instituted
and you have seen IPMU
grow over the 4-year period,
looking from outside, has that
changed the perception of a
Japanese science community
in anyway? What was the
view of Japan before WPI and
how is it now?

WPI is something very non-
Japanese, healthy thing for
Japan to do

Peccei: Well, | think that what
has been noted outside,

in a sense, is the fact that
Japan wanted to make an
investment to create world-
class institutes. Certainly, it
was noted in our field. | think
there is certainly no physicist
that doesn’t know about
IPMU, even if they may not
quite know exactly what
Japan is doing. But, it’s clear
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that IPMU is a new kid on the
block, but one that is really
very well prepared to compete
with the best.

I think it was important
for Japan to do what it did,
particularly since there has
been a tremendous amount
of recent investment in
science by China and also
now by India to some extent.
Although, Japan has invested
in science for a long long
time, it didn’t really ever try to
be pushy and say well, “We
would like to be at the top.”
In this case, they actually said
something very non-Japanese,
“We would like to compete
and here is what we created.”
I think that that was a very
good thing to do actually. This
is a personal opinion, but | felt
that this was a very healthy
thing for Japan to do.

Maybe it also was at the
right time given the reform in
the university system in Japan.
So it probably was the right
time to do this kind of thing.
Even though it’s a little bit
difficult to understand what
the criteria of organizational
improvement in the WPI
review is, it is actually helpful.
As | understand it, what they
really want is help against
the resistance to change the
system in important ways. So
you really have a precursor
path to follow.

Murayama: Are there
examples in the UC system
that some institute was
created within the UC system
and somehow it started

to change the whole UC
organization over time?
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| am asking this because
sometimes | feel kind of
powerless. You see, | took on
such a big monster, in a way.
So, how could this be possible
atall?

Peccei: Yeah. I'll give you an
example. It doesn’t totally
answer what you have said
and what you ask, but let me
go back to these California
Institutes of Science and
Innovation. They were created
to basically provide a bridge
between what the university
does and the outside, if

you wish, the corporate
community, because most of
the topics were topics which
were going to be important
to the State of California in
terms of their development

in creating the new industries
for the future.

Murayama: | see.

Peccei: These institutes in a
way are quite different than
the traditional organized
research units of the
University of California. The
University of California has,
as you know, many of these
ORUs, Organized Research
Units. These were created over
time but they started being
created about 50 years ago
and in some way reflected the
University of California then.
Some of these ORUs have done
well and continue to do well,
but others have sort of become
more ossified as structures in
universities tend to do.

So, by creating new things,
you get change. If you look
at the University of California
as a whole—then you realize
that the research in the
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University of California is not
just represented by these
ORUs; in fact, it is very much
broader. These institutes are
an example—but so are many
other things that are moving
much more rapidly. In some
ways, creating new structures
forces the university to look
at what the existing structure
is. | think there is a similar
process going on here. Now,
how successful is it going to
be, or are people going to

be so impressed to say, oh,
we're all going to go this way.
That | do not know, it's a long
process. But | think it is part of
a natural evolutionary process.
| view both the WPI initiative
and IPMU in particular, as very
positive things. Even though
it looks a little bit quixotic to
imagine that you will actually
be able to change the system,
it's a normal way to change a
system.

Murayama: | see. | wouldn’t
have expected that.

Peccei: But | think you are at
least hitting a few windmills
pretty well.

Murayama: Interesting.
Peccei: I'm actually quite
positive on this role of IPMU
actually. | think that this is
one of the nicest and more
important aspects of the
institute.

Murayama: One sort of
aspect of trying to create

this international institute

is that some may wonder
“Why do we have to do
this?” Yourself being—
having a very international
career and living in Argentina,
Germany, Italy, the US, and



also being an international
scientific career as well—so,
in your mind, what is sort of
really important about being
international, being global.
Peccei: | think you cannot
survive right now unless

you are international. We

are international in our own
profession, very much so.

But | think the importance in
my view of this institute for
Japan is that it shows that
Japan really has an interest in
being regarded as a forefront
international country. They
are prepared to invest to be
that. Not that they are not at
the forefront internationally,
because they are. But Japan
is not as well recognized as it
should be. This is one way to
sort of say “You know guys,
we're really here to play.” |
think, as I said, | consider it to
be a very positive thing. You
are fortunate that there was
a period of time when there
was money in Japan too!
Murayama: That's right.
Peccei: You could think of
doing these things then. That's
one of the important points.
You have certain windows

in time when it is possible to
invest in some things. There
are other windows in time
where there are many other
things that are occurring, so
that you cannot invest in new
initiatives. But it's important
that countries and universities
and individuals take
advantage of those moments
in time in which it is possible
to make some steps forward
and take advantage of that.
It's really nice to see that you

guys have taken advantage of
that.

To understand the universe,
many more tools than the
telescope needed

Murayama: | guess the last
thing | would like to ask you
is now on the scientific side. |
truly believe that developing
particle physics and
astrophysics and mathematics
really have a lot of common
interest among them and

it's really the right time to
actually get together and try
to think of the new steps. In
your view, looking into this
history of particle physics
already for decades, where are
we going from here? What

is the next right thing to do
scientifically? Where is the
next breakthrough?

Peccei: | think the theme here
is the right theme to make
progress. You ought to really
understand the universe.
IPMU wants to understand
the universe--

Murayama: Yeah, we are part
of it.

Peccei: Yeah, to understand
the universe you cannot only
do astronomy. You also have
to do particle physics. You
have to have the tools that
mathematics brings. You have
to have the willingness to
explore short distance physics.
You really have to look at a
broader gamut of disciplines.
I think four centuries ago, if
you wanted to understand
the universe, you did need

to invent the telescope that
looked at the universe. Now,
you need many more tools.

You are trying to bring all the
people that have tools that
will help us understand the
universe together. | think that
that is the mission. | mean
your mission is the universe,
yes a little bit broad, but the
right mission.

| should tell you that | was
recently in South America. |
have lots of nephews.
Murayama: | see.
Peccei: One of them asked me
of what | was doing and | said,
well, one of the things | was
doing was that | was the chair
of this external committee for
the physics and mathematics
of the universe and he just
laughed. He said, “Well that is
certainly pretentious!”

But | told him, “Look,
I mean if you want to
understand the universe,
you have to do just this. You
have to put all these things
together.” We actually had a
very good discussion. After
at first being very amused by
this, in the end he understood
that you need all of this to
understand the Universe. |
think the mission of IPMU
is absolutely central and
inspiring. If you just tell people
with a straight face, correctly,
“l am just interested in
understanding the universe,” |
think you are doing well.
Murayama: That's interesting.
| never imagined that the
name of the institute can
invoke that kind of reaction.
Peccei: Well, it's ambitious.
You want to understand the
universe. | mean most people

are happy if they understand
whatever was the morning
news.

Murayama: Which is very
hard to understand.

Peccei: Yeah, which is

even more—it’s harder to
understand than the universe,
but it’s sort of ambitious and
it follows sort of the steps of
giants. Now, whether you will
be able to take a giant step,
that's always very hard to tell
but you are going | think in
the right direction. | mean at
least—maybe | am just deeply
prejudiced because that's my
interest too, but | think it is
what you're trying to do and |
think this is wonderful.
Murayama: You mentioned
to me yesterday that you've
been wearing IPMU T-shirt at
the beach and people ask you
about questions on what this
is about and stuff. What do
you tell them actually?
Peccei: Well, | think they are
a little shy to ask me. It's
interesting. | mean in fact, one
time | met actually a young
Japanese couple in a beach
that could actually read the
kaniji.

Murayama: Yeah, okay.
Peccei: They kept looking at
me. And then I said, oh yes,
that's right, but they were
too shy to ask me exactly
how come | had on this very
strange T-shirt.

Murayama: Okay. We should
start selling that T-shirt all
over the world.

Peccei: Absolutely. | think you

would do extremely well.
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FY2011 Site Visit

FY2011 site visit by observers from
MEXT and JSPS was conducted on
August 4 and 5, 2011. Members of
the delegation included WPI Program
Director Toshio Kuroki, Program
Officer in charge of IPMU Ichiro

Sanda, five Working Group members,

officers from Research Promotion
Bureau of MEXT, Mitsuyuki Ueda
(Director, World Premier International
Research Center Initiative/ Basic
Research Promotion Division) and
others. From the University of Tokyo
Directorate, Managing Director and
Executive Vice President Yoichiro
Matsumoto attended on the second
day. Also TODIAS (Todai Institute for
Advanced Study) Director Sadanri
Okamura attended both days.

The objective of the FY2001 site
visits to the five WPI centers selected
in FY2007 was to assess the state
of their project implementations as
of FY2010, through Q&A sessions
with the project members and site
observations, so as to contribute to
their respective interim evaluations.

The working group consisted of
six members. Three of them, Tetsuiji
Miwa, Tuneyosi Kamae, and Matthias
Staudacher visited IPMU on the last
site visit. Others are Yutaka Hosotani
(successor to Hikaru Kawai), Anthony
Tyson (successor to John Peacock),
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and Hiraku Nakajima (newly
appointed, absent this time).

-;.

IPMU Director Hitoshi Murayama reports to the
delegation

On this site visit, ample time was
allocated to the oral presentations
of research reports by principal
investigators and faculty members,
and also to poster presentations
by young researchers including
postdoctoral fellows and graduate
students. Interdisciplinary researches
and new attempts were particularly
emphasized in the presentations and
discussions.

Poster session on the second day.

Fourth Meeting of the IPMU
External Advisory Committee

Prior to the WPI site visit, the
fourth meeting of the IPMU External
Advisory Committee “EAC 2010” was
held on July 26, 2011, with Roberto
Peccei (UCLA, chair), John Ellis (CERN),
Steve Kahn (Stanford/SLAC), and
David Morrison (UC Santa Barbara)
in attendance. The committee heard
Director Hitoshi Murayama'’s report
on the IPMU activities in FY2010 and
research reports from eight IPMU
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researchers in various fields. The
committee also looked at the poster
presentations of 35 IPMU researchers.
The committee reviewed the IPMU’s
past activities, both administrative
and research, and gave valuable
suggestions for the future.

= 1
EAC members (front row, from left to right) John
Ellis, Roberto Peccei, Steve Kahn, David Morrison

Kyoji Saito Awarded the MSJ 2011
Geometry Prize

The Mathematical Society of
Japan (MSJ) announced that IPMU
Professor Kyoji Saito, who is also
an IPMU Principal Investigator, had
won the 2011 Geometry Prize for
his “contributions in modernizing
the theory of period integrals,”
such as the theory of primitive
forms and the theory of Frobenius
manifolds (flat structure). Professor
Saito’s achievements were based on
modernizing the theory of elliptic
integrals and period integrals by Euler,
Abel, Jacobi, and others in the 18th
and 19th centuries. His achievements
have great influence not only on
various fields of mathematics, but
also on the developments in the
frontier of theoretical physics. He is
a leading mathematician with wide
international influence, and continues
to be active in research.

The award ceremony was held
on September 29, 2011 at the
MSJ autumn meeting at Shinshu
University.



Laser Guide Star Adaptive Optics
Sharpens Subaru Telescope’s
Eyesight and Opens a New Vision
of the Distant Universe

The Laser Guide Star Adaptive
Optics (LGSAOQ) system of the Subaru
telescope, which has been recently
completed, enables the compensation
for atmospheric turbulence to achieve
~10 times higher spatial resolution
than has been hitherto achieved, in
particular, for imaging observations
of most of the distant galaxies and
quasars. With this system, Masamune
Oguri, an assistant professor of IPMU,
and his colleagues observed the
double quasar SDSS J1334+3315 to
directly detect a foreground galaxy
that causes the gravitational lensing
effect producing the two images
of a single background quasar. This
observation demonstrates well the
power of the LGSAO system.

The results of this research have
been published in Astrophysical
Journal, Vol. 738 on August 10, 2011.

Cosmic Dust Is Produced at Stellar
Explosions—Discovery of Massive
Dust in SN1987A
An international research group

consisting of 23 astronomers (Mikako
Matsuura at the University College
of London, Takaya Nozawa at IPMU,
and their collaborators) observed SN
1987A in the Large Megellanic Cloud
with the Herschel Space Observatory.
They found that extremely cold dust
grains of temperatures lower than
-250 Celsius are shining in SN 1987A
with 200 times the energy emitted
by the Sun. The total mass of the
dust corresponding to the observed
temperature and energy is more
than 200,000 times the Earth’s mass,
indicating that the explosion of SN
1987A produced a large amount of
dust. So far, the origin of cosmic dust

has been one of the big mysteries in
astronomy, but this discovery implies
that supernovae are primary sources
of dust in the universe. These results
provide key clues in understanding
the evolution of the solid materials
throughout the cosmic age, as well as
the origin of the Earth on which we
live.

The results of this research have
been published in Science, Vol. 333
on September 2, 2011.

2011 Symposium to Encourage
Female Students to Study Science

“‘Come and Hear with Your
Parents! Science Frontier Il

This symposium was held at

Yayoi Auditorium Ichijo Hall on

the University of Tokyo Hongo
Campus on August 6, 2011. The
program included lectures by female
researchers, introductions of research
laboratories, and opportunities to
interchange with female graduate
students. It was hosted by the
University of Tokyo’s “Liaison Group
for Encouraging Students to Choose
S&T Course.” This group, started in
January, 2009, with initially seven,
and later three more, S&T related
graduate schools and institutions
including IPMU, has been organizing
symposia, visits to research facilities,
opportunities for interchange with
researchers, and so on, to encourage
junior and senior high school female
students to choose S&T courses.
The Liaison Group, supported by
JST (Japan Science and Technology
Agency), is also undertaking such
activities in FY2011.

Saga Prefectural CHIENKAN
Senior High School Students
Visited IPMU

About 40 eleventh-grade students
of Saga Prefectural CHIENKAN Senior

High School visited the University of
Tokyo Kashiwa Campus, and IPMU in
particular, on August 22, 2011. After
the lecture entitled “What is Needed
for Forefront Researchers?” given

by IPMU postdoc Masayuki Tanaka,
they enjoyed a Q&A session about
the universe at the interaction area
Piazza Fujiwara on the 3" floor of the
IPMU building, where IPMU assistant
professor John Silverman and IPMU
postdoc Charles Steinhardt also
joined. The students were actively
asking questions about the universe
as well as IPMU.
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IPMU assistant professor John Silverman (right) and
IPMU postdoc Masayuki Tanaka (left) at the Q&A
session

First SuMIRe Collaboration
Meeting for PFS
The first SuMIRe (Subaru

Measurement of Images and
Redshifts) Collaboration Meeting

for PFS (Prime-Focus Spectrograph)
was held at IPMU for three days,

July 11 =13, 2011. The exploitation
of PFS is currently undertaken

under the initiative of IPMU. In this
meeting, those international SuMIRe-
PFS partners who already have an
outline agreement with the core PFS
team were invited to discuss various
problems in the PFS construction such
as the schedule and quality control.

Future Workshop:
Curves and Categories in
Geometry and Physics

IPMU Workshop on “Curves and
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Categories in Geometry and Physics”
will be held for five days, October 31
- November 4, 2011 at IPMU.

Future Workshop:
6th Asian Winter School on
Strings, Particles and Cosmology
This winter school will be held from
January 10 to 20, 2012 at Kusatsu,
Gunma, Japan. It is jointly sponsored
by IPMU, The Graduate University
for Advanced Studies (Sokendai),
High Energy Accelerator Research
Organization (KEK), and Asia Pacific
Center for Theoretical Physics
(APCTP).

Future Workshop:
Testing Gravity with Astrophysical
and Cosmological Observations
IPMU workshop “Testing Gravity
with Astrophysical and Cosmological
Observations” will be held from
January 23 to February 3, 2012 at
IPMU.

IPMU Seminars

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

1. “Green-Schwarz superstring with
conformal symmetry”
Speaker: Yoichi Kazama
(University of Tokyo, Komaba)
Date: Jul 05, 2011

2. “Anisotropic scalings and a
theory of quantum gravity”
Speaker: Anzhong Wang (Baylor
University)
Date: Jul 06, 2011

3. "Modeling the Electromagnetic
Signature of Merging
Supermassive Black Holes”
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Speaker: Takamitsu Tanaka
(Columbia University / Max
Planck Institute for Astrophysics)
Date: Jul 07,2011

4. “ARoad to Supermassive Black
Hole Merger”
Speaker: Kimitake Hayasaki
(Kyoto University)
Date: Jul 07,2011

5. “Exact results in 3d gauge
theories and M-theory”
Speaker: Yosuke Imamura
(Titech)
Date: Jul 12,2011

6. “Cosmic Near Infrared
Background”
Speaker: Eiichiro Komatsu (Texas
University)
Date: Jul 14,2011

7. “Some results from Hodge
theory”
Speaker: Christian Schnell (IPMU)
Date: Jul 19,2011

8. “Signs of a Hidden Sector from
Supersymmetry(s)”
Speaker: Clifford Cheung
(University of California, Berkeley)
Date: Jul 20,2011

9. “Probing the Epoch of
Reionization”
Speaker: Masami Ouchi (ICRR)
Date: Jul 21,2011

10. "Mirror symmetry and non-
complete-intersection Calabi-Yau
manifolds”
Speaker: David Morrison
(University of California, Santa
Barbara)
Date: Jul 25,2011

11. “Ultra High Energy Cosmic Rays:
latest results from the Pierre
Auger Observatory”
Speaker: Maximo Pernas (KIT)
Date: Jul 26,2011

12. “Inflation in Gauge Mediation
and Gravitino Dark Matter”
Speaker: Yuichiro Nakai (YITP)
Date: Jul 27,2011
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13.

14.

15.

16.

17.

19.

20.

21.

22.

“New insights on galaxy
evolution since z ~ 1.2 from the
CFHT Legacy Survey”

Speaker: Jean Coupon (Tohoku
University)

Date: Jul 28, 2011

“A Chiral Magnetic Effect from
AdS/CFT with Flavor”

Speaker: Tatsuma Nishioka
(Princeton University)

Date: Aug 02, 2011

“SYZ mirror symmetry for toric
Calabi-Yau manifolds”

Speaker: Siu Cheong Lau (IPMU)
Date: Aug 05, 2011

“F-theory and elliptic fibrations;
physics intro & casual discussion
of math aspects”

Speaker: Taizan Watari (IPMU)
Date: Aug 09, 2011

“Linear Sigma Models and
Heterotic Vacua”

Speaker: Jock McOrist (University
of Cambridge)

Date: Aug 15, 2011

. “Constraints on modified gravity

from future surveys”

Speaker: Daisy Suet-Ying

Mak (University of Southern
California)

Date: Aug 16, 2011
“Asymmetric Dark Matter”
Speaker: Kathryn Zurek
(University of Michigan)

Date: Aug 23, 2011
“Super-Planckian scattering at
the LHC”

Speaker: Seong-Chan Park
(Chonnam National University)
Date: Aug 24, 2011

“The formation of the first stars
and galaxies”

Speaker: Thomas Greif (Max
Planck Institute for Astrophysics)
Date: Aug 25, 2011

“The monopole-vortex complex:
dual gauge symmetry from
flavor”



23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Speaker: Kenichi Konishi (Pisa
University)

Date: Aug 26, 2011

“ABCD of 4d/2d
correspondence”

Speaker: Jaewon Song (Caltech)
Date: Aug 30, 2011
“Noncommutative Geometry
and the Hirzebruch-Riemann-
Roch Formula”

Speaker: Raphael Ponge (Seoul
National University)

Date: Aug 31, 2011

“Planck Early Measurements of
the Cosmic Infrared Background
Anisotropies”

Speaker: Olivier Dore (NASA JPL)
Date: Sep 01, 2011
“Universalities of Theories with
Tri-vertices”

Speaker: Noppadol Mekareeya
(Imperial College London)
Date: Sep 06, 2011

“21-cm Cosmology”

Speaker: Tzu-Ching Chang
(ASIAA, Taiwan)

Date: Sep 08, 2011

“Aspects of Higgs searches in
CP-violating MSSM at the Large
Hadron Collider”

Speaker: Priyotosh
Bandyopadhyay (KIAS)

Date: Sep 14, 2011

“WFIRST and Euclid”

Speaker: Jason Rhodes (NASA
JPL)

Date: Sep 15, 2011
“Holographic Entanglement
Entropy”

Speaker: Rob Myers (Perimeter
Institute)

Date: Sep 27,2011
“Holographic C-theorems”
Speaker: Rob Myers (Perimeter
Institute)

Date: Sep 27, 2011

“A New View of the CMB
from the Atacama Cosmology

Telescope”
Speaker: Sudeep Das (BCCP/UC
Berkeley/LBL)
Date: Sep 28,2011

33. “Looking for cracks in the
standard cosmological model:
neutrinos and non-Gaussianity”
Speaker: Tristan Smith (UC
Berkeley)
Date: Sep 29, 2011

Personnel Changes

Moving Out

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

IPMU postdoctoral fellow Cosimo
Bambi [September 1, 2008 —

August 31, 2011] moved to Ludwig-
Maximilians-Universitat Minchen as
a postdoctoral fellow.

IPMU postdoctoral fellow Jing Shu
[September 1, 2008 — August 31,
2011] moved to SISSA at Trieste, Italy
as a postdoctoral fellow.

IPMU postdoctoral fellow Kwokwai
Chan [January 1, 2011 — September
15, 2011] moved to The Chinese
University of Hong Kong as an
assistant professor.

IPMU postdoctoral fellow Chuan-
Ren Chen [May 1, 2008 — August 14,
2011] moved to Argonne National
Laboratory as a postdoctoral fellow.

IPMU postdoctoral fellow Won
Sang Cho [February 1, 2010 — August
14, 2011] moved to The University of
Florida as a postdoctoral fellow.

IPMU postdoctoral fellow Wei Li
[August 16, 2008 — August 15, 2011]
moved to Max Planck Institute for
Gravitational Physics as a postdoctoral
fellow.

IPMU postdoctoral fellow
Domenico Orlando [October 1, 2008
— September 30, 2011] moved to
CERN as a CERN fellow.

IPMU postdoctoral fellow Susanne
Reffert [October 1, 2008 — September
30, 2011] moved to CERN as a CERN
fellow.

Emille Ishida and Rafael Da Silva De
Souza, who were at IPMU between
September 16, 2010 and August
29, 2011, under the auspices of the
Brazilian government’s postdoctoral
program, returned to Brazil.

Appointment

Yuji Tachikawa, who was IPMU
Assistant Professor until April 9,
2011, was again appointed to IPMU
Assistant Professor on August 8,
2011. For his research interests, refer
to IPMU NEWS No. 12, page 11.

Cornelius Schmidt-Colinet, who
stayed IPMU as a Swiss National
Science Foundation postdoctoral
fellow until January 20, 2011 was
appointed to an IPMU postdoctoral
fellow on April 16, 2011. For his
research interests, refer to IPMU
NEWS No. 11, page 12.
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Braneworld

Shinji Mukohyama

IPMU Associate professor

Einstein unified space and time into spacetime, and established special and
general theories of relativity. In relativity, spacetime does not have to be four
dimensions. Actually, many unified theories such as superstring theory assume
more than four dimensions. In this case, our universe might be an object like
membrane, called brane, floating in higher dimensional spacetime. This view of

the universe is called braneworld.

(k% -k &%) = -KS™
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Super-Kamiokande
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