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Naoki Yoshida is a Professor at the School of Science and Kavli IPMU, the University of Tokyo. He
graduated from the University of Tokyo in 1996. He completed his doctoral course in the Max Planck
Institute for Astrophysics in 2001. He received a Doctorate in Natural Science from Ludwig-Maximilians-
Universitat Mtnchen in 2002. He became a postdoctoral fellow at the Harvard-Smithsonian Center

for Astrophysics in 2001, the Japan Society for the Promotion of the Science’s SPD postdoctoral fellow
stationed at the Division of Theoretical Astronomy, the National Astronomical Observatory of Japan in
2003, Assistant Professor at Nagoya University in 2004, Associate Professor at the IPMU in 2008. Since
April 2012, he has been a Professor at the School of Science, the University of Tokyo. In April 2014, he
was also appointed as a Professor at the Kavli IPMU. He received the ASJ (Astronomical Society of Japan)
Young Astronomer Award (2006) and the IUPAP Young Scientist Prize in Computational Physics (2008).
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Director’s Corner

Director of Kavli IPMU

Hitoshi Murayama at Work Hitoshi Murayama

July 26: Lecture at “Yomiuri Techno Forum” 2014 Summer Holidays Symposium “Exploring the Mysteries of the Universe
and Space-Time,” held at the Nippon Press Center in Chiyoda-ku, Tokyo. (Photos: Courtesy of The Yomiuri Shimbun)
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August 18: Lecture at a H-LAB 2014 Forum held at the ARK HILLS CLUB’s club room in Roppongi, Tokyo.
(Photos: ©H-LAB2014 keita hanaoka)

Director’s
Corner

September 4: Presentation of the overview report at the FY2014 WPI site visit.



FEATURE

Kavli IPMU / School of Science, The University of Tokyo Professor NaOkl YOShlda

Research Area: Theoretical Physics

Putting the Universe on a Computer

1. Experimental Astronomy?

My physics colleagues get very excited when
they perform an experiment that proves or falsifies
some theory. Such a process is typical in the natural
sciences such as chemistry, biology, and physics,
where an experiment in the lab is an important step
to developing a general theory. Unfortunately for
astronomers, however, it is often (or almost always)
impossible to conduct a laboratory experiment that
can test their ideas, for example “What happens if
the sun spins 100 times faster?” One can come up
with many intriguing ideas like this, but astronomical
objects are too large to handle and so we can't set
up desk-top experiments. It is impossible to spin
the sun around, and it is impossible to let two black
holes collide. Appropriate materials to make the
large-scale structure of the universe, we can’t find
even in a Tokyu-Hands store, which sells everything
but the kitchen sink.

Instead, astronomers look up at the sky.
Observations using multiple wave-bands, from radio
to X-ray, enable us to look closely at planets, stars
and galaxies. Thanks to the advancement of modern
telescope instruments, we can see the detailed
three-dimensional structure of a nebula, and can
catch a glimpse of a young galaxy, for example.

Yet, observations using a telescope do not always
satisfy us. Sometimes we wish to see an object
from different directions, and other times we wish
to see the evolution of a galaxy over a billion years.
Honestly, | often think "How nice if | could create
a small galaxy in my office and look at it from any
direction!”

Certainly, real experiments are impossible, but
there’s actually a nice way of performing a sort of
experiment, on a computer.

2. Virtual Universe

Computer simulations have been established as
a powerful method in science. Not only in physics
and astronomy, we see computer simulations used
in a variety of situations. Most familiar are perhaps
weather forecasts and earthquake simulations. Fine
movies generated from computer simulations are
shown on the TV news, by which we appreciate
that such forecasts are based on realistic large-scale
computations.

Computer simulations play different roles,
depending on the research area. In astronomy and
cosmology, they are used to study the formation
and evolution of astronomical objects and of the
universe itself. Simulations are also used when
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smooth matter distribution

particle distribution

gravitational evolution

planning a large observational program. For
instance, the Kavli IPMU is leading a large sky survey
using the Subaru Telescope. The so-called mock
galaxy catalogs that closely resemble the real galaxy
distribution are generated from structure formation
simulations and are used extensively to explore a
variety of scientific results to be obtained by the
survey.

The reason | use computer simulations as my
primary research tool is simple. In cosmology, the
initial conditions are known observationally. This
fact makes most of the cosmological simulations
actually more than they could literally mean. It
would probably be more appropriate to call them
“numerical integrations” or simply “calculations.”
The known initial conditions that are unambiguously
described by mathematics and statistics, and the
small number of physical processes involved, make
the whole problem of cosmic structure formation a
well-defined and actually tractable one.

One would guess that there are a number of
physical processes involved in the formation of
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Figure 1. A schematic diagram of cosmic structure formation simulations.
The initial density fluctuations (left panel) are represented by the
distribution of mass elements (particles in the middle panel). The
particles mutually interact via gravity, to form dense clumps (right panel).

stars and galaxies. Even the basic elements such as
general relativity and nuclear physics are difficult
enough to implement in a computer program.
Interestingly, however, the only relevant physics

to the formation of large-scale structure of the
universe is gravity. Newtonian gravity that we

learn about in high school or in the first year of
college suffices. For very large cosmic structures,
gravity dominates over other forces known in
nature, including familiar electromagnetism, weak
interaction and strong interaction that are important
at the microscopic level. To summarize, it is expected
that cosmic evolution can be realized and followed
on a computer, if a fast enough computer is used.

3. From Big Bang Ripples to Large-Scale
Structure
Cosmological simulations have a long history.
They were pioneered nearly 40 years ago, and
hence have a history as long as my own! In the early
1970's, researchers used just a few hundred particles



Figure 2. The distribution of dark matter in a modern
cosmological simulation. Shown is a projected 100 x 300 million
light-years area. The bright parts have high densities of dark
matter.

(“galaxies”) to simulate the formation of galaxy
clusters. It is worth mentioning that two Japanese
physicists, Taro Kihara and Kazunori Miyoshi, made
an important early contribution. The solid-state
physics professor Kihara, then at the University of
Tokyo, proposed using the two-point correlation
function to describe the distribution of galaxies. The
correlation function has been a primary element in
statistics in cosmology since then. The most recent
data from SDSS3 survey that the Kavli IPMU is
participating in enabled precise measurement of the
geometric structure of our universe by means of the
two-point correlation function.

Simulations with a few hundred bodies (particles)
were used in the early 1970’s. Rapid advancement
in computer technology as well as sophisticated
calculation algorithms made it possible to run
simulations with larger and larger numbers of
particles. Currently, the largest simulations employ
nearly a trillion particles, achieving a billion times
increase in 40 years (Figure 2).

The progress of such cosmological simulations

is shown in Figure 3. The simulation size has been

increasing exponentially. Projecting the increase
over the next 60 years, | would expect that
simulations with 10 particles will be performed in
the year 2073, when | celebrate my 100th birthday!
The number, close to the Avogadro number

that is important in basic thermodynamics, also
corresponds roughly to the number of stars in our
observable universe. So, in about 60 years, one can
represent all the stars in the universe in a computer
simulation. This is something | would call “The
Whole Universe Simulation.”

4. New Approach

While the idea of putting the whole universe on a
computer is very exciting, | don’t think it will actually
be realized, for several reasons. When one is able
to follow the dynamics of the Avogadro number of
particles, there should be a better way of describing
the system in a macroscopic manner or in terms
of a few gross quantities, just as thermodynamics
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provides a handful of quantities such as temperature
and entropy that are useful and indeed quite
enough to describe the state of a gas. Gravitational
dynamics is peculiar and so such usual approaches
do not seem to work, but still there is a better
way of describing the behavior of a many-particle
system.

The basic equations that govern the dynamics of
matter (mostly dark matter) in the universe is given
by

of L of
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Here, the so-called velocity distribution function
f=f (x,y.z u, v, w) describes the number (fraction)
of particles that are in an infinitesimal volume

at a position (x, y, z) and have velocity (u, v,

w). Integrating f over the velocity space gives
the particle number density p from which the
gravitational field ¢ is obtained via the second
equation, which is called the Poisson equation.
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Figure 3. The evolution of cosmological simulations. We plot the
number of particles used in the simulations against publication
year. The names of the researchers or of the simulation projects
are indicated. This author (NY) contributed to the two projects
in the early 2000’s.

The time evolution of the velocity distribution
function f on a six-dimensional space is completely
determined by the coupled equations. A dream
of computer physicists like me is to perform such
a multi-dimensional integration efficiently on a
massively parallel computer. Only last year (2013),
our research group made a first important step
toward realizing that goal. We were allowed to
use about ten percent of the full capability of a
supercomputer at Tsukuba University and so we
performed the integration of the velocity distribution
function f of dark matter particles on 64 to the
power 6th grids. The results are shown in Figure 4. reat (i
The spatial resolution is not impressive; in fact it is
actually quite poor when compared with modern
N-body particle simulations as shown in Figure 2.

However, the velocity distribution is well described
by a smooth function as seen in the middle panel
of Figure 4. For reference, the corresponding result
from a million particle simulation is shown in the
right panel. Despite the impressive structure in the
configuration space (x, y, 2), the overall resolution



Figure 4. Large-scale structure formed in a Boltzmann
simulation. Although the spatial resolution in the left panel is
not as impressive as in the modern particle simulation (Figure
2), the velocity distribution function is accurately described by a
smooth function (middle panel). The corresponding plot from a
million particle simulation (right) shows no clear structure. The
red lines show the smoothed distribution of the particles.

in the velocity space is poor, even with so many
particles employed.

5. Future Prospects

The rapid progress in high performance
computing makes it impossible for me to even
imagine what one will be able to do in 30-50 years.
My guess is that eventually cosmological simulations
will become technically very simple. Computer
power will be used to do integrations of the kind |
explained above, or to do something similarly simple
in concept. In fact, sophisticated algorithms are
developed in order to overcome the shortcomings
of current computers. When computers that are
fast enough become available sometime in the
near future, simple methods will be the best choice.
Simulations will then be pure calculations, rather
than sophisticated modelling with approximations.
In this article, | have described an exceptionally clear
problem of gravitational dynamics in cosmology.
There are many other interesting phenomena in

the universe that involve more physics such as

gas dynamics, chemistry, radiation transfer, and
nuclear reactions. Only a small portion of such
things have been explored so far by means of
computational physics. It will be very exciting to
put all these physical processes into a computer
program and run it on a big machine. However, a
crucial role of such grand-challenge simulations

is, from my viewpoint, to identify some missing
element in our understanding of how things work
in the universe, rather than to reproduce what is
already understood. | believe that there is also a
vast discovery space where we can explore with
telescopes and computer simulations. Surely | will
be much more excited if | find a new telescope
observation showing a structure of the universe
that looks completely different from my computer
simulations. | will then appreciate the breadth and
the depth of the physics of the universe all over
again.

8 Kavli IPMU News No. 27 September 2014



Our Team

Masashi Hazumi

Professor

| am excited to start working concurrently for Kavli
IPMU and KEK. | am an experimental physicist. My
research focuses on fundamental laws of elementary
particles and space-time. Until 2007, | worked on
accelerator-based particle physics experiments,
including the Belle experiment at the KEK B factory
where | discovered CP violation in B decays with my
colleagues. | then became interested in experimental
tests of cosmic inflation. Establishing a new group at
KEK, I am now working for the POLARBEAR project
with researchers at UC Berkeley, San Diego and
other institutions. POLARBEAR, which is deployed in
Atacama, Chile, is an instrument designed to measure

Research Field: Astrophysics

Song Huang

Postdoc

My main research interest is about the life of the
massive galaxies in the Universe. As the population
of galaxies that started to assemble at the dawn of
Cosmic history, they carry invaluable information that
can greatly help us extend our knowledge of galaxy
formation and evolution. Using both photometric and
spectroscopic information collected from ambitious
project like the Hyper-Suprime Camera survey and

Research Field: Experimental Cosmology and Particle
Physics

polarization of the cosmic microwave background
(CMB).

At Kavli IPMU, | plan to promote the LiteBIRD
satellite project, which aims at CMB polarization
measurements with the ultimate precision. My hope
with LiteBIRD is to scrutinize cosmic inflation and
shed light on quantum gravity behind it.

MaNGA, | will try to shed new light on the structural
evolution, mass-accretion, and star-formation history
of these fascinating galaxies.

Our Team



Round Table Talk (continued from No. 26, p. 21)

Peter Goddard with Hitoshi Murayama and Hirosi Ooguri

Peter Goddard

Professor, the School of Natural Sciences, the Institute for Advanced Study

Hitoshi Murayama
Kavli IPMU Director

Hirosi Ooguri
Kavli IPMU Principal Investigator

As Governments Are More and

More Dirigiste, Private Grants Are
Very Important

Ooguri: You mentioned the raising
of funds and you did that while

in Cambridge in building this
mathematical science complex in
particular and then subsequently,
you moved to the Institute for
Advanced Study and | imagine you
have been heavily involved in that. It
seems to me that this kind of private
philanthropy in helping basic science
is very much in the Anglo-Saxon or
British-American tradition.

Goddard: Yes, in recent decades,
the last century or so, it's been
particularly American. If you look
back over the centuries, there was

a long, strong tradition in the UK.
That's how Oxford and Cambridge
in particular had got their resources
and the extent of independence that
they have, through the resources that
people gave to the colleges. That has
become eroded as the sole method
of finance.
Ooguri: In the UK, you say.
Goddard: In the UK, it has, from
about the beginning of the 20th
century, as a result of a combination

10

of the expansion and the
diversification of higher education,
which meant that you needed
university laboratories, in particular.
It was getting more expensive to
teach and do research in universities
because until the middle of the

19th century, people were doing the
traditional curriculum or they were
studying mathematics or classics.
These were not expensive things. But
from the middle of the 19th century,
you needed laboratory facilities, the
Cavendish laboratory and so on, for
research. On the graduate level, you
needed more and more resources
and that combined also with the First
World War meant there was crisis in
Cambridge and Oxford at that point.
And the government started giving
money to the universities initially
through university commissioners
which separated the government
from the process in the sense that
the giving of money was not meant
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to be an instrument of government
policy with government influencing
the university. That arrangement
was eroded from the 70s and 80s

in particular into the situation now
that the government certainly takes
the view that it gives money to
universities in order that they should
do things the government would like.
Ooguri: Are there incentives?
Goddard: Yes. From about 1990, in
particular, a big emphasis started

on wealth creation as an objective
rather than saying that we just let
universities do what they want, and
they should be an independent force
in society. And so, that change has
meant that government financing
tends to come with strings. Also
because government, at least in the
UK, and | think in the United States,
has become more short term in its
perspective. It's more responsive to
public opinion. It's more concerned
with getting reelected and that



means that it’s looking for results

on a timescale of two or three years
because otherwise you can’t influence
the next election. All of those features
influenced us when we needed new
buildings and so on. We decided that
we needed to raise the money for
Cambridge because you just couldn’t
rely on the government coming up
with funds.

Ooguri: Yes. It's a very interesting
trend. It goes both ways. There was
an article in the New York Times
recently about danger of relying too
much on private philanthropies, but
on the other hand there are benefits
of private philanthropies such as—
well, 'm in a private university in

the US and Berkeley is almost like a
private university.

Murayama: Yes, only 10% public
funds these days.

Ooguri: We do recognize, for
example, that if there are new
breakthroughs, sometimes we
cannot wait for the government
funding to follow. If you have private
funding at your discretion, you can
pick low-hanging fruit, which may
not be easy to do if you wait for
government to react. | guess it goes
both ways. The Kavli IPMU is sort

of unusual in Japan in that we have
been successful in getting private
fundings.

Murayama: Right. You wanted to,
for example, start a workshop on

a wall-crossing formula and then
immediately, | could allocate some
funds to get the workshop started,
and that would produce lot of
activities afterwards.

Ooguri: That’s what's pretty amazing.
It was a workshop that | proposed

to Hitoshi because | wrote some
paper with Masahito Yamazaki who
is now a postdoc at the Institute

for Advanced Study and that was

starting a new field, so we wanted to
have a workshop quickly. | talked to
Hitoshi and he immediately granted
funding and then the workshop was
put together within 3 months or so.
Usually, those kinds of workshops
take a year to prepare but, thankfully,
we had the funding, we had a very
talented and dedicated team of
international office and so we were
able to have this workshop and that
was very, very helpful for my research
as well as many other researchers

at the IPMU. And so those kinds of
things make a big difference.
Murayama: Right. Flexibility is very
important indeed, yes.

Goddard: Yes. So | certainly came to
the conclusion that private grants
would be very important because
governments, everywhere, | think,

are more and more dirigiste. They're
more and more trying to set agendas
and these agendas are often short
term. There’s this other aspect that
goes along with that, managerialism
—the idea that you can address
issues by managerial action: suppose,
hypothetically, you have decided

that the UK was weak in functional
analysis, | don’t know that it is,

then you put in a few million for a
few years and then you can turn it
around. But it doesn’t happen like
that. That isn’t the way that you build
up strengths academically. You may
make some short term effect but the
idea that by managerial action, you
can make, on a timescale of 2 or 3
years, important developments in
academia, | think is just wrong. But,
the bureaucrats have to believe in
that because that’s their raison d'étre.

Progress of Science Is Far More
Exciting Than We Could Have
Anticipated

Goddard: Then the other aspect that

accompanies this is the audit culture
—the idea that you have to be able
to justify to the taxpayer that you
have spent the money on what it was
intended to be spent on. The problem
with that is that it implies that, at the
time you get the money, you should
know what is going to be spent on,
but we don’t know what we're going
to do. I remember just after | left

the UK and went to Princeton, | was
asked to report on somebody who
had held a senior fellowship from
one of the research councils in the
UK. This gives money for five years

to a senior professor to do research.
What | was asked to do was to report
on what this person had done. | was
sent all of the details of the papers
he had written and so on. And |
remember that the first question was,
“Has he done what he said he was
going to do?”—and I said, “No,” of
course.

Ooguri: What was the issue?
Goddard: Of course, what he said

he was going to do was interesting
but as you would have hoped, he

has done things that were far more
interesting. | think this is something in
which the bureaucratic arrangements
that fund science in many countries
consistently fail to be able to grasp.
Ooguri: Open-ended research ...
Goddard: Yes. The way | would put

it to incoming members of institute
was that if you know what you're
going to do and how you’re going

to do it and when you're going to

do it by, it is not going to be truly
original research. We are finding

out things we couldn’t imagine. The
excitement is that we may have fertile
imaginations, but what happens is far
more miraculous than we could have
anticipated. If you look at the great
writers of science fiction, Jules Verne
and H. G. Wells, they were writing

Round
Table



these marvelous stories at the end
of the 19th, and the beginning of
the 20th century. And if you think of
what actually happened in science
compared to what they wrote about,
it's far more exciting.

Ooguri: Right. The progress of science
surpassed their imagination. So,

you cannot plan those fundamental
researches ahead, especially the goal
of the research.

Goddard: Right. If you look at the
development of string theory at

any stage, it was never what people
would--

Ooguri: On the other hand, there
are lots of unintended applications
of the results that you obtained by
wandering through this process.
Goddard: Yes. It even goes for
practical results, | mean, if you think
about one of the things that has
changed, more than anything else,
the way we live our lives, or many of
us live our lives, and it's made more
commercial possibilities available than
anything else, is the worldwide web,
and that was not the result of some
R&D department in some company
sitting down and thinking: we have
the Internet now; how can we make
this a commercial possibility or how
can we make it more useful! It was
the result of scientific challenges.

Relationship between Mathematics
and Fundamental Physics

Ooguri: | also wanted to ask you
about your view on interdisciplinary
research between mathematics and
physics. | guess in the UK, the division
between physics and mathematics
is somewhat different from that in
the continental mathematics. Has
that influenced your view on the
interdisciplinary activities? In the UK,
the interaction between physics and
mathematics is tighter in the sense

that some of the physicists are even
regarded as mathematicians.
Goddard: | think always the boundary
is artificial and determined by the
local culture. It has been a tradition
in the UK that you can approach
physics in various ways, particularly in
Cambridge. You can trace it back into
the history of the organization of the
university which was, say, different in
Cambridge from Oxford and other
places. In Cambridge, the dominant
subject from the 18th century
onwards was not actually classics

but mathematics. The first honours
examinations in Cambridge were in
mathematics.

Ooguri: Is that for all students you
mean?

Goddard: Yes. From the 18th century
onwards, they developed special
examinations in mathematics, and so
if you wished to obtain the highest
honours, you would have to take
mathematics. That was true up until
about 1820 when classics became
available as a first honours subject

to study alongside mathematics.

It meant that people like William
Wordsworth, the poet, studied
mathematics. He didn’t do very well,
even though he came to Cambridge
with a scholarship in mathematics.
But then it meant that great figures
in the later part of the 19th century
came out of mathematics and went
into the Cavendish; from James Clerk
Maxwell onwards. Then even people
like Maynard Keynes, the economist,
started off in mathematics at the very
beginning of the 20th century. That
tradition was always there in the
background. Now you have to dig
down to find it but it has influenced
the way that things have grown up.
Ooguri: That’s very interesting.
Goddard: That's a Cambridge
phenomenon but within the
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mathematics framework, then, people
split off in various ways. | think

the main thing that has changed
over time, viewed internationally,

is that the relationship between
mathematics and fundamental
physics has changed just enormously,
clearly.

Ooguri: What's your view? How has
it changed?

Goddard: | think if in the 1960s,
there were very few people who
knew very much mathematics of the
sort that is now taken for granted in
your seminar, for example.

In Early 70s, Marriage between
Mathematics and Physics Ended in
Divorce?

Ooguri: Right. Well, | guess |
remember there was an article
written by Freeman Dyson. That was
written probably in early 70s...
Goddard: Missed opportunities?
Oogquri: Yes, Missed Opportunities,
where he says, “the marriage
between mathematics and physics,
which was so enormously fruitful in
past centuries, has recently ended in
divorce.”

Murayama: Yes, that's right. Did it
elaborate on what the cause of the
divorce was?

Ooguri: It was partly because
elementary particle physics was
chaotic. That was before the standard
model of particle physics was
established and the gauge theory
became the main stream.
Murayama: That's interesting.
Goddard: It was odd timing because
I would say that the time when ...
Ooguri: It was just about the time
when gauge theory actually started
to fly.

Goddard: Well, the triumph of gauge
theory came along with Gerard

't Hooft in the 70s, 71 or 72. Then it



went on from there to the building of
the standard model, but the dominant
influences that really, | think, started
changing things here were the work
in the mid-1970s of Michael Atiyah
and others, and then the sort of
growing influence of Edward Witten.
| think that that really changed how
people perceived what is regarded as
a reasonable amount of mathematics
for a physicist to learn. For example,
when | was a graduate student, the
initial problem that | studied was
the singularities of the scattering
matrix in the complex plane. It was
thought that there was a reasonable
grasp of the singularities and their
discontinuities in the physical region,
but attempts within the context of
perturbation theory to get a handle
on complex singularities had been
limited and so it was suggested that
I should think about singularities
outside the physical region and
complex singularities. There was work
on this using homological techniques
and so on, but very few people knew
about it and when you spoke about
it, you really had to, in some sense,
translate all of that.
Ooguri: That was not a standard
language?
Goddard: It was not a standard
language at all. In fact, it was slightly
suspect. At various times, people
have worked things out in one
language and then translated them
into another. There’s argument
about to what extent this is true
in Newton. He wrote everything in
classical geometry, the geometry of
the Greeks—Apollonius and so on—
and didn’t write it using calculus. But,
that’s how he had worked things out.
He suppressed the calculus because
what people spoke was classical
geometry.

Then, Dirac at some point says

that he used geometry in his work.
And there’s an argument there about
exactly how did he use geometry. He
used geometry to think about space
and time, to think about with the
relativistic equations, and so on. Did
he also use it in the context of the
Hilbert space? Probably it was the
former rather than the latter. Anyway,
he does say at some point that he
thought geometrically but translated
that into algebra because that's what

Ooguri: That's what people
understand.

Goddard: ..understand. These
processes go on at various points but,
Now...

Ooguri: Now, we don't have to hide.
Goddard: No, we don't have to. It is
no longer terribly suspect. So what
do you think about the relationship
of mathematics and physics?
Oogquri: Clearly, it has been very, very
productive in both ways. | think that,
as you've said, modern mathematics
has very much strengthened our
understanding of gauge theory and
string theory and other areas for
fundamental physics, but | think

the insight from physics has also
influenced mathematics in a positive
way and provided them, for example,
conjectures to prove or a new way
to think about geometry. Especially
the quantum nature of geometry is
something that the mathematician,
of course, didn’t know about but
now very much in the common trend
in the forefront of mathematics,
especially in the area of geometry
and representation theory. So it has
been very, very beneficial for both |
think. It's quite natural that, whenever
we try to understand more and more
fundamental laws of nature, which is
one of the things we are doing at this
institute, the existing mathematics

is often not useful. Newton had to
invent calculus, Maxwell had to use
the partial differential equations,
and Einstein had to use Riemannian
geometry.

Goddard: But that existed already.
Ooguri: It existed already, but at
that time it was quite modern
mathematics. It is very natural that
when we try to push the boundary
of human knowledge in that way,
there is no guarantee that the
existing mathematics could be useful.
So, interactions between physicists
and mathematicians can be useful
for both. For mathematicians, it's
going to give them a new problem
to work on and open new areas and
also connect the different areas of
mathematics.

Now Mathematics and Physics
Have Areas Developing
Simultaneously
Goddard: You have areas developing
in mathematics and in physics now
simultaneously. In some sense,
it seems fortuitous that they are
developing at the same time. For
example, the theory of infinite
dimensional Lie algebras and how
that related to ideas in physics
and vertex operators and so on.
These developments happened in
parallel, but they started completely
independently of one another in
a completely unrelated way, but
at the same time. | always find it
fascinating to wonder whether those
things are really accidents, or there
is something you don’t understand.
What would have been true in the
70s and perhaps the 80s is that
people who were interested in the
more mathematical questions would
be prepared to use it in talking about
physics but people interested in more
phenomenological questions would
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not, tending to create a certain gulf.
But, now, that seems to have eroded
because many of the people who
—like you, Hitoshi, who are also
interested in phenomenological
questions and are also very prepared
to talk in ways that relate to
mathematics. So things really have
changed in that sense, | think.
Oogquri: | think for
people, like Hitoshi,
who built a model
of elementary
particle which you
hope to actually
test experimentally—maybe I'm
putting words into your mouth—
but it seems that the ideas and the
mathematics that come out from
this kind of development have been
useful in building models that you
had not thought about before, like
large extra dimensions and ...
Murayama: Going
back in history, for
example, when
Gell-Mann came
up with the quark
model then that's
the first time people started using
bigger group than SU(2). That

was the first time, right? People
complained about group theory
fever. Apparently that was the people
who would not be able to catch up
with this level of group theory. And
then language was felt to be left out,
but that actually turned out to be

the right language, not just for the
quark flavor symmetry, but also for
the gauge symmetry, and so forth.
Without that, | don’t think particle
physics would have existed the way
we know now.

Goddard: That's true, but | think

also the other side of that. I think,
somewhere in the 1950s, when Gell-
Mann realized that having introduced

strangeness and so on, you needed
a bigger group than SU(2), some
people started talking about SU22) %
SU(2), and so on. They didn’t know of
this to be compact Lie groups. They
didn’t immediately go and ask—they
didn’t know who to ask, I guess. Gell-
Mann, at one point, said that he sat
there trying to work it out himself. |
think he gave up when he got seven
generators.

So, it's amazing when you think
back to that. Now, you only have
to say something and you go and
look at Borel's work or whatever on
the classification, the spaces and so
on. We immediately plug in to the
mathematical literature.
Ooguri: Yes. So we got remarried.
Goddard: No, | think the divorce
didn't ..
Ooguri: ..didn’t happen?
Goddard: No, | think it was a trial
separation.
Ooguri: It was kind of a probation for
a while, then.
Goddard: | think that, of course,
is a very good argument for your
institute. | mean this is now not
just some esoteric or small group
interest. It's part of the culture that’s
generally accepted by people of
various inclinations. Whether they
want to think about very theoretical
problems or whether they want to
really understand the latest results
from the LHC, everybody has more of
a common culture.
Murayama: How do you think we
can protect this kind of area which
doesn’t have an immediate impact on
the society?

Basic Science Has a Valuable
Cultural Impact Though Not Having
an Immediate Practical One

Goddard: It doesn't have an
immediate practical impact in terms
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of producing what might be a cure
for some disease but it obviously
does have a valuable cultural impact.
I am conscious of it talking to my
friends who are not academics.

They now know more about what is
happening in basic science. It's very
much more than it would have been
30 years ago. Look at the interest

in the discovery of the Higgs, it is
absolutely enormous compared

with, say, what arguably had more
importance in conceptual terms, the
discovery of the W and the Z. | mean,
we'd all have had a collective mental
breakdown if they hadn’t been there.
| think that was partly because we
were decades waiting for this event,
the discovery of the Higgs.
Murayama: Yes, that's right. So, a
historic event.

Goddard: | think

also that places ¢

like CERN and the :
people concerned
with funding them
in the various
countries had realized that they

had to do more in explaining to

the taxpayers and others what was
going on. So they couldn’t just let
this be the press office putting out
some press release. It had to be a
whole process of getting people

to understand what was about to
happen. That all feeds in to, | think,
the position of institutes like ours in
the public perception, in that they're
much more likely to understand
what we are about. The attitude that
existed many years ago, 50 years ago
or 80 years ago, was that you really
needed to have ivory towers. If you
look at the history of the institute in
Princeton, | think in the early decades,
people in the institute felt that there
wasn’t anything wrong with practical
applications but this was not what




happened here and in order to
make sure this was an environment
in which people stayed pure, so to
speak, you had to have an ivory
tower with polished walls and people
couldn’t come in.

Now the attitude is everywhere,
| think, different. That is to say, it is
important to protect the academic
environment in that we need to
give space to people and not ask
them all the time to produce a
practical result tomorrow. But that
is completely compatible with our
explaining what we do to people
outside, inviting them in, giving them
talks, and discussing what we do
with them, because we don’t have to
isolate ourselves into some monastic
community that has no contact with
the outside world. It's actually good
for us and it's good for the outside
world to have this contact.
Murayama: But that's in the UK,
right? The science café—that was
actually a British invention?
Goddard: Yes. But it has to go along
with explaining to people that it’s
important that opportunity is given to
people to do things where you don't
know what the outcome is going
to be, where you can’t imagine that
outcome. That is what will change
our understanding of the universe
and will change in the end the
practical aspects of lives. But there’s
no easy prescription for this, | think.
But I think it is incumbent on all of us
who feel any ability or any inclination
to do it to engage in that. So at the
institute in Princeton, I'm sure Robbert
(Dijkgraaf, Director) will continue this
even more, putting increasing effort
into our publications and our public
dissemination of research. In fact,
compared to the institute | went to in
'74, which was a marvelous place, but
there wasn’t very much of this going

on, now it's going on all the time.

It's not the case that at the institute
you can’t go and be quiet, you can’t
go into a room, you can’t walk in the
woods and have those peaceful and
inspiring experiences. But at the same
time, the institute is interacting more
or less continuously with the outside
world.

Murayama: That's an important point.
Maybe the last question | would like
to ask. Now that you oversaw the
founding of a new institution in the
Newton Institute and oversaw the
progress of the Institute for Advanced
Study in Princeton, you gained some
insight on what should not be done
to run a truly tremendous academic
institute. I'd like to hear your lessons
about that. Maybe you never fell in
any pitfalls?

A Truly Academic Institute Should
Stay Focused within a Defined
Mission

Goddard: No, I've been there.
Probably, there've been lots of pitfalls
but | think that, along with what |
just said, it's possible to have these
interactions with the outside world
but still to make sure that priority

is given to having an environment
where science can happen. | see here
that you made great efforts, very
successful efforts, to make sure that
the bureaucracy that surrounds any
institution doesn’t intrude because it
can have a major impact particularly
on people coming for a few months
somewhere. | think the other aspect
is that in funding, when seeking
support—this is in the American and
UK context—you have to be very
careful about sticking to the mission
because one thing that happens,
when you try to raise money is

that you have objectives and then
somebody comes along and offers

money which is only partly for what
you want. Maybe it isn’t really even
for what you want, but you want to
make your fundraising target and

5o you accept money to do things
which weren't your main objective.
These may be very good things to

do. But, in the end, | think in an
institution like this, there are only a
limited number of things that you
can do. There may be excellent things
that people suggest, but they aren't
part of what the institute is for, and |
think then one has to say, “Well, let’s
try and find someone else for you to
do that”

Murayama: That's important.
Goddard: | think it is important to
have a defined mission and not just
do everything that's good.

Ooguri: Yes. There can be opportunity
cost.

Goddard: Yes. Now, | think somebody
can come along and say, “Well, I'll
pay for your time,” but they can’t

pay for your time, and you can’t be
duplicated. | mean, everything that
happens in the end impinges on the
administration. It impinges on the
director. It impinges on the institute. |
think it's very important to be broad
but to stay focused within that
mission but not to do arbitrary things.
Murayama: That's a profound advice
| would say. Thank you.

Ooguri: Thank you very much.
Goddard: Thank you for the
discussion and I'm really, really
impressed with this place. It's a great
development, | think, for Tokyo, for
Japan, and for the world, actually.
Each of these institutes makes a
statement about what is important,
and so together, the network is really
saying something about what the
important ideals are. Thank you.
Murayama, Ooguri: Thank you, Peter.
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Interview

with Young-Kee Kim

Interviewer: Hitoshi Murayama

Luck Doesn't Come to You
Unless You Are Ready to
Catch It

Murayama: The last time
you were here, you were still
in that little prefab building?
Kim: Yes.

Murayama: This is a huge
change, right?

Kim: I saw it being
constructed and coming up. |
have to look at it. | hear that
this is a one-floor concept.
Murayama: That's right. It
seems to be working very
well. People get all mixed up
from one field to another
and we have the central
interaction area. So, people
can naturally flow into that.
Kim: That's great. What do
you think about the
yesterday’s External Advisory
Committee meeting?

Young Kee Kim is Louis Block
Professor at the University of
Chicago and former Deputy
Director of Fermi National
Accelerator Laboratory (Fermilab)
She received her Ph.D. from the
University of Rochester in 1990. She
became Assistant Professor in 1996,
Associate Professor in 2000, and
Professor in 2002 at the University
of California, Berkeley. Since 2003,
she has been Professor at the
University of Chicago. She served

as Deputy Director of Fermilab
from July 2006 to June 2013. She
received the Ho-Am Prize in Science
in 2005. She has also received many
other distinguished awards.
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Murayama: It was very
helpful. You gave me lots

of ideas on how to present
ourselves better and what we
should argue for the 5-year
extension. Of course we have
to digest them—we have to
chew on them and come up
with a better presentation,
come up with a better write-
up. Nonetheless, it was
extremely helpful. So, | really
thank you for that.

iim: Right. Everybody was
so impressed about what you
have achieved.

Murayama: Oh, good.

Kim: | remember your talk—
you included the animated
movie “Mr. Incredible.” | was
thinking that what you have
done is “mission impossible”
and you made it possible.
Murayama: Certainly, even
looking back now, it seems
like just a series of miracles.
Kim: Well, some say the
miracles are simply luck but
luck doesn’t just come to you.
Certainly luck would be good,
but it won't work if you are
not ready to take it.
Murayama: That's what
Koshiba says all the time.
iKim: Oh really?

Murayama: He discovered
the neutrinos from Supernova
1987A. Just a month before



then, the background was still
so high that he should have
missed it, but the month after
that, he had a mandatory
retirement. So, there was

only a 2-month window, and
exactly 160,000 years before
this 2-month window the
supernova exploded.

Kim: Just luck is not enough.
You have to be ready and
prepared.

Murayama: To be prepared
—that’s true.

You are now back to a
regular professor at Chicago,
stepping down from a Deputy
Director of Fermilab. So, if you
reflect on those days being a
Deputy Director of Fermilab,
what is your feeling? What
was the most challenging
thing for you, what was the
most rewarding thing for you,
and what's the change now?

Time of Transitions at
Fermilab

Kim: Okey, | think the most
challenging thing was the
fact that we had to face many
changes.

Murayama: Time of
transitions.

Kim: In 2006 when | became
Deputy Director of Fermilab,
we knew the Tevatron would
be shut down soon after the

LHC turns on, and we would
need to prepare a flagship
program for the future.

The U.S. particle physics
community then reached a
consensus, moving forward
with the International Linear - .; NTER Fon
Collider at Fermilab. This AL PHYSICS
resulted in cancelling other
projects such as BTeV. NOVA
was also on the verge of
being cancelled. The situation
upset some folks in our field.
Not everybody has agreed on
the ILC direction.
Murayama: Oh, that is
impossible.

Kim: Majority of the
community wanted to

focus on the ILC. DOE was
supportive of the ILC and
EPP2010" also strongly
supported it. However, it was
realized that the price tag was
much too high for the US. to
host the ILC. We had to come
up with another plan, Plan

B. One of my first tasks as
Deputy Director was to help
developing the plan.
Murayama: That is Project X.
Kim: It is more than Project X.
Project X was part of it.

The plan included neutrino,
muon and kaon programs.

Hitoshi Murayama is Director of Kavli
IPMU. He is also Professor at the
University of California, Berkeley.
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Incidentally, Pier’ managed to
keep the NOVA project alive.
Without him, NOVA might
have died. In any case, NOVA
and short-baseline neutrino
experiments were in the

plan. The plan also included

a muon program with Muon
g-2 and Mu2e experiments.
These were new directions of
the lab. However, these are
programs for the relatively
near future, and we also
needed a longer-term plan.
The long-baseline neutrino
experiment LBNE and a multi-
megawatt proton source
Project X were longer-term
flagship projects in our plan.
LBNE is an experiment with a
1,300 km baseline and a huge
detector in South Dakota. This
is not enough. We also need
to have...

Murayama: High intensity.
Kim: High intensity, yes. That
was Project X. This would

"EPP2010 means “Elementary
Particle Physics in the 21st Century.”
The U.S. National Academy of
Sciences surveys all branches of
Physics every 10 years. It charged
EPP2010 committee, a group of
scientists, to recommend priorities
for the U.S. particle physics program
for the next 15 years. The final report
was released in 2006.

? Pier Oddone was Director of
Fermilab at that time.

*DUSEL means “Deep Underground
Science and Engineering Laboratory,”
which was once a U.S. DOE'’s project.
The Sanford Underground Laboratory
at Homestake, where some physics
experiments are sited, and also LBNE
far detector is planned to be located,
was initially planned to be part of
DUSEL.

*P5 (Particle Physics Project
Prioritization Panel) is a subpanel of
the High Energy Physics Advisory
Panel (HEPAP) that serves both DOE’s
Office of High Energy Physics and
the NSF, charged with developing

an updated strategic plan for the
U.S., under various budget scenarios,
that can be executed over a ten-year
timescale, in the context of a twenty-
year global vision for the field.

be the accelerator for future
neutrino and muon programs,
and various other programs.
In our strategy, improving the
accelerator, thus providing
higher intensity beams was

a higher priority than LBNE
which was supposed to

be installed in DUSEL.” We
thought that DUSEL, a really
large, complex, and multi-
purpose beyond physics
project, would take a long
time before it would become
a reality.

Murayama: That's right. So,
the idea was to go for the
accelerator upgrade first,
before going into a new
detector.

After Tevatron Shutdown,
Fermilab Aimed at an
Intensity Frontier

iKim: Right. Neutrino

and muon programs and
accelerator improvements
were the recommendations by
the Steering Committee for a
Fermilab strategic plan that |
led in 2007. Pier accepted the
recommendation from the
Steering Committee and the
Intensity Frontier became the
primary focus for Fermilab.
The U.S. based facilities would
then be primarily for the
Intensity Frontier program and
this will likely be the case for
the next couple of decades.

In any case, after the Steering
Committee’s report, the U.S.
went through the national
project prioritization process
P5"in 2008. P5 endorsed

our plan of the intensity
frontier focus with neutrinos
and muons. However, they

swapped the order between
LBNE and the multi-megawatt
proton source Project X,

that is, they recommended

to do LBNE first before the
accelerator upgrade. Overall,
P5 and we agreed on the
idea of having both a very
large neutrino detector and

a very powerful accelerator.
This is still the case as shown
by the 2014 P5 report. DOE’s
thinking at that time was
that Project X could start

its construction about one
year after LBNE construction
begins. But in reality these
are two very large expensive
projects and it has been
extremely difficult to execute
simultaneously. Phased
approaches were needed and
international partnerships are
crucial.

Murayama: That's right.
Kim: The muon program
that we have launched a few
years ago is well supported
by the 2014 P5. The neutrino
program has been going well.
NOVA has been taking data.
MicroBooNE construction is
nearly complete and will start
running in the near future.
The next step is the LBNE and
the accelerator improvement.
I am very glad that overall the
original plan has been well
supported by the community
and the 2014 P5.
Murayama: It's stretched out
into the future years, but the
overall plan is still the same.
KKim: Yes. Projects tend to

be large and it takes a long
time to execute any project.
Only 5-6 years have passed
from the last P5 to this P5.
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So, we did not expect any big
changes in the 2014 P5 report
regarding the overall strategy
unless we have been going on
a wrong path. I was glad that
we have been on the right
direction. However, there are
many important messages in
the current P5 report including
science drivers, priorities, and
execution strategies.
Murayama: That's true, but
slightly getting into more
details, LBNE of course has a
lot of changes on the way.
Initially, you wanted to have

a big detector underground
and the community actually
favored water Cherenkov.
And then there was an
overturn to liquid argon; they
went to surface. Now they say
they have to go underground
again. So what was sort of
the succession in this story?

LBNE Chose Liquid Argon
Technology

Kim: That is correct. Certainly
water versus liquid argon,
that was an important
technology choice. The

water technology is very
advanced because Japan

has this wonderful Super-
Kamiokande detector which
has been operating extremely
well. So, the water technology
is a proven and safe choice
although the detector has to
be much bigger and there
are associated engineering
challenges. Liquid argon is

a relatively new and more
promising technology, but it
has not been proven to work
until recently.

Murayama: Especially, on



that scale.

Kim: Right. The ICARUS,
although it took a long

time, eventually became a
very successful liquid argon
detector. That was the effort
and experiment initiated in
[taly. On the U.S. side there
has been a lot of R&D effort
going on in the recent years
and a lot of progress has
been made. MicroBooNE, the
short-baseline experiment |
mentioned earlier, is based on
the liquid argon technology.
The ICARUS experience and
recent U.S. efforts provided
high confidence in the liquid
argon technology by the time
when the final technology
choice for LBNE was made. At
Fermilab a small liquid argon
detector called ArgoNeuT
was put into a test beam and
beautiful results came out.
Murayama: | see. How big
was it?

Kim: Liquid argon mass was
less than a ton.

Murayama: Very small.

KKim: Yes. For the same
sensitivity, a liquid argon
detector could be much
smaller than a water
Cherenkov detector. This was
another attractive element.

It does not mean that the
Liquid argon detector will

be cheaper. In fact, they cost
about the same. But the liquid
argon technology is new and
future technology, and people
get more excited about this.
This can be used for not only
neutrino experiments but also
dark matter experiments and
other areas.

Murayama: That's right and

you have to be excited about
that.

Kim: It was pretty much a
close call, but in the end there
had to be a decision and

the liquid argon technology
was chosen. That was a big
change on the way. After that
there was another change
because of the project cost.
The overall cost for a 34-kton
Liquid argon detector was
estimated to be very high, too
high for DOE to swallow. We
were asked to come up with a
two-phase strategy. We were
then asked to go through

the DOE review process with
the Phase-1 project. The DOE
system uses a process called
critical decisions or CDs,

and it ranges from the CD-0
science case stage to the
CD-4 construction completion
stage. We already had the
CD-0 approval. CD-1 was the
next step with a conceptual
design of the project. For us
to go through the DOE CD-1
review and approval process,
we had to assume no other
contributions than DOE even
though in reality we would
likely get contributions from
collaborating countries and
institutions. It is because the
amount of contributions is
uncertain. Other countries
won'’t commit any significant
contributions until the U.S.
takes this project seriously and
makes their commitment first,
in other words until the CD-1
is approved. The problem is
then that the scope of the
project for the CD-1 approval
is smaller than that of the
final, most-likely project with

other contributions, thus it
looks less attractive to the
international community.

In any case, our thinking
was that if we get the CD-1
approval from DOE, other
countries might join us and
together we could make

a bigger and better, thus
scientifically more powerful
detector.

Murayama: That's right. To
some extent, it's a gamble.

With CD-1 Approval, LBNE
Seeks More International
Collaboration

Kim: Gamble? Right. Seeing
the CD-1 approval they have
more confidence in the U.S.
commitment and thus would
make their commitment to
make a better project. So,
this was a tactic. In the CD-1
process, we were asked to
look at alternative options
beyond the option that

we proposed, a detector

in South Dakota with a
baseline of 1,300 km. We
considered an alternative
location such as Ash River
where the NOVA detector is
located or the Soudan mine
where the MINOS detector

is located. These are about
800 kilometers from Fermilab.
We demonstrated that the
proposed 1,300 km baseline
option has stronger physics
sensitivities. With a longer
baseline, there would be more
matter effects and the longer
baseline option provides

a better sensitivity to new
physics beyond the three-
generation standard model
paradigm in the oscillation

pattern. The minimum
detector mass of 10 kton is
required for any initial physics.
DOE’s budget given to us was
not sufficient enough to put
this detector underground,
thus the project reviewed
for the CD-1 approval was a
10 kton detector on surface.
The plan was that after
receiving the CD-1 approval,
we would be able to attract
the international community
to this project and with their
contributions, we would
enable to put the detector
underground and increase the
total mass. | know that some
misunderstood this plan and
a serious concern was raised
by the community regarding
the surface detector which
would not be sensitive to
proton decay and other non-
accelerator based sciences.
We received the CD-1
approval from DOE. With
this in our hands, we
met many physicists and
funding agencies from
other countries, including
Italy, Japan, UK, CERN, and
Brazil. We discussed stronger
involvements from them in
the project and their potential
contributions. The liquid
argon technology has been an
attractive element for many
from other countries, although
the European community has
been developing a slightly
different version of a liquid
argon technology.
Murayama: Yes, two-phase.
Kim: Right. The two-phase
is the technology that they
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desire to use. This is a bit
more advanced than the



U.S. option, thus requires a

longer R&D time period. We
wanted to give flexibility and
freedom for the international
community. So, we thought
about a modular design of
the detector, each module
with 5 kton to 10 kton mass.
We would construct a long
underground tunnel, leaving
places for modular detectors
which could be built and
instrumented later. Neutrino
detectors are different from
collider detectors in a sense
that we do not have to
make the entire detector at
once, but detectors can be
added while taking data. In
this concept, Europeans or
others, if they like, could build
a detector with their own
design.

Murayama: Just keep adding
it.

Kim: Yes, keep adding as
time goes. Detector modules
that come later could use
even an improved design. Of
course, if we could build a 34
kton detector at once, that
will be the best scientifically,

20

but we thought the modular
design would be less risky,
technically and financially.
Making one big detector

has more technical risks. The
ICARUS and MicroBooNE are
only a few hundred ton scale
detectors. A 34 kton detector
is about two orders of
magnitude larger than them.
Murayama: It's a big jump.
Kim: Yes. The modular design
is technically safer. While you
are building one, you can
probably improve the design
for the next one and in that
way Europeans can build a
modular detector with their
own design. This can be true
for other countries. India and
Brazil have been interested
in designing and building a
near detector. There have
been many conversations

in the past about this, but
having the CD-1 approval, we
have a much better position
to discuss with foreign
participants. The plan was

to design and build a near
detector primarily by India,
the underground facility and

the beamline by the U.S. and
a far detector with multiple
modules by the U.S,, Europe,
South American countries

et cetera. Each country or
region can be a primary driver
for each module. Say, a US.
module, a European module,
and a South American
module. Japan could build
one, too.

Murayama: Yes, that's right.
Kim: The new P5 stated

the importance of an
underground detector with
large mass. The P5 report
emphasized the international
organization and governance
of the project. | think that this
would really help the U.S. start
making discussions with other
countries in a more formal
manner, and making more
formal steps.

Murayama: Yes, | believe
that's the right thing to do.
So, given that how globally
everything is these days, you
want to start global, rather
than having one country just
studying and going down

the line and say “Well, we
don’t have enough money,
why don’t you join?” That's
actually not an equal partner.
So, this way hopefully things
will work better.

Kim: Right. If you look at

our previous particle physics
experiments, we were

pretty good at international
collaboration. CDF is one such
case that | know the best.
This was back in 70s and

80s. The design was done
together. Italy and Japan
were big contributors from
the beginning. Their ideas
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were implemented in the
design. A good example was
the projecting tower concept
which has been successfully
used in CDF and it has widely
been used in calorimeters in
particle physics experiments.
Murayama: Yes, that is
what'’s great about being part
of this community.

Kim: Yes. Going back to LBNE,
the reason why we had to get
the CD-1 approval by DOE in
the very U.S. centric way first
was because the international
community has been very
concerned whether the U.S.
would stick to their plan and
they would like to see the
U.S. commitment at some
level before they can seriously
consider joining the project. As
you know, the U.S. cancelled
a number of projects and has
a bad reputation. The recent
U.S. situation is quite different
from what it was during the
CDF time. In addition, the U.S.
based facilities have shifted
their focus from the Tevatron
or the Energy Frontier to the
Intensity Frontier. This is a
huge change and change
makes people very nervous
because it comes with
uncertainties. For Fermilab’s
non-scientific staff, this is
tough. Scientists at least know
the nature of uncertainties.
This is what research is about.
Murayama: Nothing is
guaranteed. You would not
know until you do it.

Kim: Exactly. If you are
certain, why do you do
research? Research by
construction is an uncertain
thing. At Fermilab, there are



many more non-scientists
than scientists. Engineers,
technicians, computer
specialists and administrative
staff. Uncertainty is a hard
thing to take, especially for
them. Fermilab staff was used
to see the Tevatron operating
for about three decades. Of
course, a lot of other things
were going during that
period, but the Tevatron was
the symbol of the lab.
Murayama: The dominant
activity.

Kim: And the Tevatron ring

is out. | mean it stopped
operations. | think this has
been a huge impact on staff
psychologically.

Murayama: | am sure, yes.
Kim: Also changing directions
required reduction in
workforce, which no one
wants to hear. We had to
spend more money to build
new facilities and experiments
to build the future. Money
had to shift from Tevatron
operations, which is people
dominant, to materials and
equipment. This was a real
impact on people at the

lab. Managing this complex
situation was a huge
challenge. It was very very
painful. But this was inevitable
to build the future.
Murayama: You made it
happen.

Kim: Yes, we did that. |

hope no more reduction in
workforce would be necessary
in the future. When | left the
lab last Summer, the muon
g-2 ring was on the way from
Brookhaven to Fermilab. That

was very nice.

Murayama: Oh yes, that was
a dramatic event.

Back to Normal; Doing
Something Real

Kim: By then the building
for the muon g-2 ring was
under construction, the
Mu2e project made good
progress, NOVA construction
was nearly completed, and
MicroBooNE was well under
construction. Also a new
building called the lllinois
Accelerator Research Center
was well under construction.
A lot of implementation for
our initial strategy plan was
on its way. Going back to the
university as full time faculty
was relatively easy...
Murayama: It was, | see.
Kim: ---because | continued
to have my research group
with postdocs and students
at Chicago even though |
didn’t have a lot of time for
them. | used to meet them
either evenings or weekends.
My students understood my
situation and accommodated
my tight schedule. Having
students made a huge
difference in transitioning. The
Chicago high energy physics
group has been supported
by NSF and last Fall was the
time to renew our 3-year NSF
grant. So, my last Summer
was occupied by working on
the proposal as Pl. This also
helped me for the transition.
Good timing. Last Fall | spent
3 months at CERN and
worked on hardware in the pit
with one of Chicago graduate
students. We installed and
tested some of the electronics

boards for the trigger

upgrade. We went down to
the pit, unplugged cables,
removed existing boards,
installed new boards, plugged
cables, and tested boards.
Very physical work! And labor
work makes you feel that

you've done something useful.

Great feeling.

Murayama: | am sure that
felt great. You are doing
something real.

IKim: Yes. I like to touch
things. But when you are
doing an administrator job,
you spend most of your
time meeting people, lots of
people. This is stimulating in
some ways, thinking about
strategies, worrying about
budget and safety, figuring
out how to overcome
budget and safety issues, and
making sure that everything
is operating smoothly. Many
interesting challenges since
there are always hiccups here
and there. But the job does
not require much of hands-
on work. It is an intense and
somewhat stressful job. By

working on hardware last Fall,
| felt toxic has been removed
from my body. After 3
months at CERN | came back
to Chicago and organized a
conference for undergraduate
women in physics.
Murayama: Oh, | see.

Kim: This conference was
held at eight universities

in the U.S. simultaneously
during the Martin Luther King
holiday weekend. | believe
they were Chicago, Berkeley,
Florida, Maryland, Stony
Brook, Louisiana, Pennsylvania
and Utah. About 1,000 girls
altogether. Can you imagine?
Murayama: Wow, 1,000!
Kim: Ours was the biggest
one. We had about 220 girls.
Eight universities organized
together so that students
could attend the closest
location from where they
were. Anyhow this was a

lot of work but it was really
good to see so many women
students majoring physics

at the same time. We had
one keynote speaker for
every participant. For that

21



we were all connected via
video. Everyone was able to
see 1,000 girls all at once. |
think for them to see these
many girls doing physics is

a big encouragement. They
usually see only a few women
in their physics classes and
they feel somewhat isolated,
questioning whether they are
in the right place.
Murayama: I'm sure that is
very encouraging.

Kim: Yes, it was. Of course
they heard wonderful talks

at the conference, but just
seeing so many of them
together is very exciting

and encouraging. That was

in January and Spring this
year | was fully occupied

with teaching. As soon as

the Spring quarter was over,

I went to CERN for work
related to the trigger upgrade.
I am now enjoying and having
more time with students

and postdocs. At CERN two
students, two postdocs, and |
are sharing one office. This is
great. Just sharing the office
with them itself is great. | do
not know how to explain, but
it just feels great.
Murayama: | am sure it does.
| can see it. What do you see
as your future? | understand
that you are also involved in
science policy in Korea.

Kim: Korea launched the
Institute for Basic Science

a couple of years ago.

Under IBS, there will be 50
research centers, covering

all areas of basic sciences.

So far, about twenty centers
were established. Under IBS,
there is also a rare isotope

22

accelerator project. This is
primarily for nuclear physics
research but also for many
applications ranging from
medical to materials. Particle
physics experiments with very
low energy muons can also
be done at this accelerator
facility. Hopefully a lot of great
scientific results will come out
from those centers and the
accelerator. We cannot predict
what they are, but if you put
excellent people together,
good things will come out.
Murayama: Yes, that's right.
Can Korea and Japan work
better together?

Kim: They would be great. |
thought Kavli IPMU has some
Korean connections.
Murayama: We have some
connection with KIAS, not
very strong, but we send
people back and forth.

Kim: Yes. I know there is

a large Korean community
working at Japanese facilities.
| heard that there were

about 200 participants in the
J-PARC session of the Korean
Physical Society meeting a
few years ago. | am not sure
if this is a correct number, but
certainly | had an impression
that there are quite a few
Koreans whose research is
associated with the J-PARC
facilities, primarily from the
nuclear physics community.
There is also a continuous
effort with Belle 2 at KEK.
What else? Super K. So there
are quite a few. However, |
don’t know whether Japanese
and Koreans have ever got
together to see if we could
do something together

coherently. That kind of
exercise could be useful, but
scientists do things based on
their own interests.
Murayama: Exactly. You
can't force things on them.
Kim: Right. In any case

| think there are a lot of
opportunities and possibilities.
Murayama: Very good.
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FY2014 WPI Site Visit Focused
on the Screening of Extension
Application

An FY2014 WPI site visit was
conducted on September 4 and 5.
As the Kavli IPMU had submitted a
proposal in June this year in response
to the MEXT's call for a five-year
extension application of the WPI
funding, this time the purpose of the
site-visit delegation was to evaluate
the progress achieved by the Kavli
IPMU as a WPI center since its
launch and its progress plan during
the extension period as well as the
host institution’s effort toward its
sustainability. The delegation of
observers consisted of WPI Program
Director (PD) Toshio Kuroki, Deputy
PD Akira Ukawa, Program Officer
(PO) in charge of the Kavli IPMU
Ichiro Sanda, PO in charge of Tokyo
Institute of Technology’s
Earth-Life Science Institute (ELSI)
Shoken Miyama, members of the
Working Group in charge of the
Kavli IPMU (Hiraku Nakajima, Yutaka
Hosotani, Tetsuji Miwa, Matthias
Staudacher, lan Shipsey, and Anthony
Tyson), some of the WPI Program
Committee members (Hiroto Ishida
and Michiharu Nakamura), MEXT
and JSPS officers, Hideki lwabuchi
(Director, Office for the Promotion
of Basic Research, the Basic Research
Promotion Division, Research

Promotion Bureau) and others.

The first day was devoted to the
overview report by the Kavli IPMU
Director Murayama and presentations
by Kavli IPMU researchers on research
accomplishments in various fields
studied at the Kavli IPMU, and finally
the presentation of the progress plan
by Director Murayama. In this final
session, The University of Tokyo's
President Junichi Hamada, Executive
Vice President for Research Yoichiro
Matsumoto, and Executive Vice
President Hiroaki Aihara, who is also
the Kavli IPMU’s Deputy Director,
joined the discussion and answered
various questions from the site-visit
delegation. In the morning of the
second day, PD, POs, and members
of the Working Group expressed
their comments, and the site visit was
adjourned.

1 N = " : e
Kavli IPMU Director Murayama'’s overview report

The Hermann Wey! Prize 2014 to
Yuji Tachikawa

Yuji Tachikawa, an
Associate Professor
at the School
of Science, the
University of Tokyo,
and a Scientist at the
Kavli IPMU has won
the Hermann Weyl Prize 2014 for
his outstanding contributions to the
understanding of supersymmetric
quantum field theories; in particular,
the discovery of the Alday-Gaiotto-
Tachikawa correspondence that has
led to spectacular advances in both
mathematics and quantum physics.

Yuji Tachikawa

He is the first Japanese awardee of
the Hermann Weyl Prize, which was
established in 2000 for the purpose
of providing recognition for young
scientists who have performed
original, significant work in furthering
the understanding of physics through
symmetries. The candidate should
either be under thirty-five years of
age, or within five years of having
received the doctoral degree.

The Kodansha Science Book Prize
Awarded to Hirosi Ooguri

Hirosi Ooguri,
Principal Investigator
of the Kavli IPMU
(He is also Fred
Kavli Professor of
Theoretical Physics
and Mathematics at
the California Institute of Technology
(Caltech) as well as the Founding
Director of the Caltech’s Burke
Institute) has won the 30th Kodansha
Prize for Science Books for publishing
a Japanese popular science book
on superstring theory ({&Z££0#&
BEHAST NKTTIRIZH o 7 BHIBD iy
—Professor Qoquris Introductory
Lecture: Ultimate Theory Is Found
in the Nine Dimensional World,
Kodansha Blue Backs, 2013).
Established in 1985, it is the only
major prize for books written with the
theme of mainly natural science but
also including S&T, for the general
reader in Japan. The 30th prize is
given to the best book published in
Japan from April 1, 2013 to March
31, 2014. In his book, he introduces
Superstring Theory attempting to
explain the difficult and challenging
theory in easy language, but without
compromising its accuracy.

The joint award ceremony of the
Kodansha Science Book Prize, the
Kodansha Nonfiction Prize, and the

)
Hirosi Ooguri
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Kodansha Essay Prize was held on
September 19, 2014 at the Tokyo
Kaikan located in central Tokyo,
Marunouchi.

Lurking Bright Blue Star Caught!
—The Last Piece of a Supernova
Puzzle

A team led by Gastén Folatelli
at the Kavli IPMU, the University
of Tokyo, has found evidence of a
blue star, which is luminous in the
near ultraviolet region at the site
of supernova SN 2011dh, which
occurred in 2011 in the nearby galaxy
M51.

SN 2011dh has been known to
be a type Il supernova, which is the
explosion of a massive star due to
gravitational collapse at the end of
its life. In the images obtained before
the explosion, however, a yellow
supergiant (YSG) star was detected
at the location of the supernova.
But YSG stars in isolation were
not thought capable of becoming
supernovae and controversy arose
in the astronomy community. Some
researchers claimed that the actual
progenitor must have been a blue
compact object called the Wolf-
Rayet star; it was faint enough in
the optical range so that it was
not detected in the pre-supernova
images of the space telescope and
the detected YSG star could have

been a companion of the exploded
star, or even an unrelated object that
matched the projected supernova
location by chance.

In 2012, the team led by Melina
Bersten at the Kavli IPMU and Omar
Benvenuto at the University of La
Plata, Argentina, showed that the
exploding star must have been
extended, like a yellow supergiant,
and that it must have belonged
to a binary system. They predicted
that, once the supernova has faded
enough, the companion could be
discovered in the blue range of the
spectrum. In March 2013, the HST
imaging observational result, which
showed the disappearance of the
YSG star was announced, and the
prediction by the Bersten group
was partly confirmed. This time,
the observation of a bright blue
star at the location of SN 2011dh
conclusively confirmed the binary
model they proposed. This result
has been published in Astrophysical
Journal Letters 793 (2014) L22.
Also, a press conference was held
on September 11, 2014, and it has
provoked worldwide public response.

Science Café Universe 2014

The annual “Science Café Universe
2014" was held at the Tamarokuto
Science Center (TSC) in Nishi-

Tokyo City, jointly sponsored by the
Kavli IPMU and the TSC. This year,
Kavli IPMU Assistant Professor in
mathematics Satoshi Kondo gave
the first lecture entitled, “Number
Theory: A Story of Prime Numbers,”

Observational Evidence,” on July 6.
Since 2012, a Science Café lecture
given on July 7, the Star Festival
(Tanabata), or on the day before it,
has been customarily delivered in
the evening at a special venue, the
TSC’s planetarium dome which is
known as the “Science Egg,” with a
Q&A session held in the TSC’s café
corner after the lecture. As Professor
Sato is one of those scientists who
proposed the inflation theory of the
universe, he particularly talked about
the newest picture of the universe,
which might be brought about
by the “discovery” of primordial
gravitational waves predicted by the
inflation theory. This “discovery”
was reported in March of this year
from an experiment measuring the
polarization of the cosmic microwave
background at the South Pole. It
became big news, but it has yet to be
confirmed. (See Kavli IPMU News No.
26, p. 38)

Katsuhiko Sato answering questiohs after the lecture

wﬁ'bpm‘gxpluslnn-. .
vl " on June 21, and President of the Joint Public Lecture with ISSP “Close
g‘- g National Institutes of Natural Connection between Materials
£ Al "ﬁ Sciences (NINS) Katsuhiko Sato, who Science and Particle Physics

is also a Kavli IPMU Senior Scientist,
gave the second lecture entitled
“Inflation Theory: Expectation of Its

On September 28, 2014, a joint
public lecture, “Close Connection

between Materials Science and

Images in the top row depict an art|sts conception of
the supernova explosion process. The corresponding
images below were taken with the Hubble Space
Telescope. The middle top image shows the supernova
exploding and the middle bottom image shows the
fading supernova after the explosion. (©Top image:
Kavli IPMU, Bottom image: NASA, Hubble)
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Particle Physics” was held at the
Kashiwanoha Conference Center,
which is located in front of the TX
Kashiwanoha campus station. It
was hosted by the Institute for Solid
State Physics (ISSP) of the University
of Tokyo, and cohosted by the Kavli
IPMU and Kashiwa City. Two lectures
were given: “One-Dimensional
Materials and String Theory,”

by Professor Masaki Oshikawa

of ISSP, and “Is the Universe
Superconducting?” by Kavli IPMU
Principal Investigator Hirosi Ooguri.
In these lectures, they explained the
close connection between materials
science and particle physics in an
easy-to-understand manner. They
also introduced leading edge research
that emerged from collaboration
among researchers from both fields.

A scene of Hiroshi Ooguri’s lecture

Charles Melby-Thompson Talked
at the SSH Students Fair 2014

On August 6 and 7, 2014, the
Super Science High School Students
Fair 2014 was held at Pacifico
Yokohama. In this event, the nine
WPI centers, including the Kavli
IPMU, jointly ran a booth exhibiting
their research activities. In one of
the programs, entitled “Researchers
Mini Live,” 17 researchers gave mini
lectures. Five of them were from the
WPI centers; from the Kavli IPMU,
postdoc Charles Melby-Thompson
enthusiastically talked on, “Watching
the Unseen through the Lens of
Reason," in English. His lecture to a
full audience was well received, and

after the lecture he was asked a lot
of questions, such as, “What is the
nature of dark matter?” and, “What
is the significance of experiencing
study in a foreign country?”

Charles Melby-Thompson talking to SSH students

A Program to Encourage Female
Students to Study Science: “Listen
to and Look into the Universe”

On August 2, 2014, a Program
to Encourage Female Students to
Study Science, “Listen to and Look
into the Universe,” was held at the
Kavli IPMU, jointly hosted by the Kavli
IPMU and the Institute for Cosmic
Ray Research (ICRR) of the University
of Tokyo. The program started from
two lectures by female researchers
working on leading edge research
of the Universe. One of the lectures
was given by Tomoko Iwashita, a
support scientist at the Kavli IPMU.
She spoke on “Where Did Antimatter
Go?—Elucidating the Mystery of
the Universe Using Accelerators—"
In her talk, she explained research
conducted at the High Energy
Accelerator Research Organization
(KEK) at Tsukuba. Another lecture
was given by Naoko Ooishi, an
Assistant Professor at the ICRR, on
“The Music Played by Astronomical
Objects.” She explained what the
gravitational wave is, and then talked
about an experiment conducted
at the ICRR attempting to directly
detect gravitational waves produced
by astronomical phenomena. After
the lectures, the participants visited

a laboratory where they watched
fabrication of a vertex detector
with which particle tracks will be
measured within a few um levels

of precision. They then learned the
principle of the gravitational-wave
detector and assembled a tabletop
laser interferometer. Finally, they
enjoyed friendly conversation with
lecturers and graduate students who
helped as teaching assistants, about
campus life, research, and the like.

-

Female students talking with lecturers and
graduate students

Kavli IPMU Seminars

1. “Lecture 1 on primordial non-
Gaussianity”
Speaker: Matias Zaldarriaga (IAS)
Date: Jun 09, 2014

2. “Lecture 2 on primordial non-
Gaussianity”
Speaker: Matias Zaldarriaga (IAS)
Date: Jun 09, 2014

3. “Gravity waves from Kerr/CFT"
Speaker: Achilleas Porfyriadis
(Harvard U)
Date: Jun 10, 2014

4. “Discussion meeting”
Speaker: Matias Zaldarriaga (IAS)
Date: Jun 10, 2014

5. “Natural inflation models in string-
inspired supergravity”
Speaker: Tetsutaro Higaki (KEK)
Date: Jun 11, 2014

6. “The CMB after 50 yrs, from
discovery to BICEP 2"
Speaker: Matias Zaldarriaga (IAS)
Date: Jun 11,2014

7. “ATOM/Fastlim: Recasting LHC
constraints on new physics
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10.

11.

12.

13.

14.

15.

16.

17.
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models”

Speaker: Kazuki Sakurai (KCL)
Date: Jun 12,2014

“Lecture 1 on Effective field
theory of large-scale structure”
Speaker: Matias Zaldarriaga (IAS)
Date: Jun 12,2014

“High precision cosmology with
BAO surveys: BOSS and future
21cm BAO surveys”

Speaker: Hee-Jong Seo (OSU)
Date: Jun 12,2014

“Lecture 2 on Effective field
theory of large-scale structure”
Speaker: Matias Zaldarriaga (IAS)
Date: Jun 12,2014

“Energy conservation and
predictability in dRGT massive
gravity”

Speaker: lvan Arraut (Osaka U)
Date: Jun 13,2014

“Perturbative Quantization of
Nonlinear Sigma Models with
Symmetries”

Speaker: Timothy Nguyen (SCGP)
Date: Jun 17,2014

“Cosmology with the Baryon
Oscillation Spectroscopic Survey
(BOSS)”

Speaker: Florian Beutler (LBNL)
Date: Jun 19, 2014
“Entanglement and Holography”
Speaker: Andreas Karch (U.
Washington)

Date: Jun 19, 2014

“Arnold conjecture, Floer
homology, and augmentation
ideals of finite groups”

Speaker: Andrei Pajitnov
(Université de Nantes)

Date: Jun 19, 2014

“Pure Gravity Mediation”
Speaker: Jason Evans (U Minnesota)
Date: Jun 25, 2014

“Galaxies on FIRE: Stellar
Feedback Explains Inefficient Star
Formation”

Speaker: Philip Hopkins (Caltech)

Date: Jun 25, 2014

18. “Calculating the Occurrence Rate
of Earth-Like Planets from the
NASA Kepler Mission”
Speaker: Jessie Christiansen
(NASA Exoplanet Science
Institute)
Date: Jun 26, 2014

19. “A Modular Operad of Embedded
Curves”
Speaker: Jesse Wolfson
(Northwestern U)
Date: Jul 03,2014

20. “Boosted Higgs shape at LHC”
Speaker: Michihisa Takeuchi (KCL)
Date: Jul 04,2014

21. “Q-deformation and quantization”
Speaker: Junya Yagi (SISSA/INFN
Trieste)
Date: Jul 08,2014

22. “Causality and Hyperbolicity of
Lovelock Theories”
Speaker: Norihiro Tanahashi
(Kavli IPMU)
Date: Jul 08,2014

23. "dRGT massive gravity: the view
of an outsider”
Speaker: Ruth Durrer (Geneve)
Date: Jul 09, 2014

24. “Black hole dynamics at large D"
Speaker: Roberto Emparan
(Barcelona U.)
Date: Jul 09, 2014

25. “Dark Freedom, Early Universe
Bounds, and Sky Surveys”
Speaker: Eric Linder (UC Berkeley)
Date: Jul 10,2014

26. “The Petrov classification in
general relativity”
Speaker: Amir Aazami (Kavli IPMU)
Date: Jul 10,2014

27. “SYZ transformation for
coisotropic A-branes”
Speaker: Yi Zhang (Chinese U of
Hong Kong)
Date: Jul 11,2014

28. “Scaling In Quantum Quench :
Holography and Beyond”
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Speaker: Sumit Das (U Kentucky)
Date: Jul 15,2014

Kavli IPMU Komaba Seminars

1. “Universal formulae for Lie groups
and Chern-Simons theory”
Speaker: A.P. Veselov
(Loughborough U, UK and U Tokyo)
Date: Jun 16, 2014

2. “On some quadratic algebras
with applications to Topology,
Algebra, Combinatorics, Schubert
Calculus and Integrable Systems”
Speaker: Anatol Kirillov (RIMS,
Kyoto U)

Date: Jun 30, 2014

Personnel changes

Reappointment
Former Kavli IPMU
Assistant Professor
Masahito Yamazaki
was reappointed on
August 16, 2014 after
about one-year stay at
IAS, Princeton. He told,
“l am excited to be back at Kavli
IPMU. | have been working on
elementary particle theory and
string theory. At the Kavli IPMU |
am planning to work broadly in
the foundations of quantum field
theories and string theory, together
with other IPMUers.”
Also, former Kavli
IPMU Postdoctoral
Fellow, Yoshiki
Oshima was
reappointed as a
Kavli IPMU Fellow on
September 1, 2014.
He told, “I am pleased to come back
to Kavli IPMU after a one-year stay
at IAS in Princeton. My main research
interest is in the representation
theory of Lie groups. | am working

Masahito Yamazaki

Yoshiki Oshima



on branching laws of representations,
symmetry breaking operators and
related geometries.”

Moving Out

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

Kavli IPMU Associate Professor
Shinji Mukohyama [April 1, 2008
— September 30, 2014] moved to
the Yukawa Institute for Theoretical
Physics, Kyoto University as a Professor.

Kavli IPMU Assistant Professor
Satoshi Kondo [April 16, 2008
— October 31, 2008 as an IPMU
postdoctoral fellow, and then —
August 31,2014 as a Kavli IPMU
Assistant Professor] moved to The
National Research University Higher
School of Economics in Moscow as
an Assistant Professor.

Kavli IPMU postdoctoral fellow
Melina Bersten [October 1, 2010 —
September 30, 2014] moved to the
National Scientific and Technical
Research Council in Argentina as a
Scientific Researcher.

Kavli IPMU postdoctoral fellow
Jyotirmoy Bhattacharya [September
1,2011 — August 31, 2014] moved to
Durham University as a postdoctoral
fellow.

Kavli IPMU postdoctoral fellow
Biplob Bhattacherjee [September 1,
2011 — August 31, 2014] moved to
the Center for High Energy Physics,
the Indian Institute of Science as an
Assistant Professor.

Kavli IPMU postdoctoral fellow
Richard Eagar [September 16, 2011
— September 15, 2014] moved to
McGill University as a postdoctoral
researcher.

Kavli IPMU postdoctoral fellow
Gaston Folatelli [Octber 1, 2010 -
September 30, 2014] moved to the

National Scientific and Technical
Research Council in Argentina as a
Scientific Researcher.

Kavli IPMU postdoctoral fellow
John Kehayias [September 16,

2011 — September 15, 2014]
moved to Vanderbilt University as a
postdoctoral scholar.

Kavli IPMU postdoctoral fellow
Changzheng Li [September 1, 2011
— August 31, 2014] moved to the IBS
Center for Geometry and Physics in
Korea as an IBS Fellow.

Kavli IPMU postdoctoral fellow
Chunshan Lin [August 16, 2011
— August 15, 2014] moved to the
Yukawa Institute for Theoretical
Physics, Kyoto University as a
postdoctoral fellow.

Kavli IPMU postdoctoral fellow
Jing Liu [October 1, 2009 — August
21,2014] moved to the University
of South Dakota as an Assistant
Professor.

Kavli IPMU postdoctoral fellow
Yu Nakayama [September 1, 2013 —
August 31, 2014] moved to Caltech
as a Senior Research Fellow.

Kavli IPMU postdoctoral fellow
Myeonghun Park [October 1, 2013 —
September 30, 2014] moved to the
Asia Pacific Center for Theoretical
Physics (APCTP) as a Leader of Junior
Research Group.

Kavli IPMU postdoctoral fellow
Daniel Pomerleano [October 1, 2012
— September 30, 2014] moved to
Imperial College, London as an EPSRC
Postdoctoral Research Fellow.

Kavli IPMU postdoctoral fellow
Robert Quimby [September 1, 2011
— Augusut 31, 2014] moved to
San Diego State University, as an
Associate Professor / Director of
Mount Laguna Observatory.

Kavli IPMU postdoctoral fellow
Cornelius Schmidt-Colinet [April
16,2011 = July 31, 2014] moved

to Ludwig-Maximilians- Universitat
Minchen as a postdoctoral fellow.

Kavli IPMU postdoctoral fellow
Yefeng Shen [June 1, 2013 — August
31,2014] moved to Stanford
University as a Postdoctoral Scholar.

Kavli IPMU postdoctoral fellow
Valentin Tonita [October 1, 2011 -
September 30, 2014] moved to the
Foundation Sciences Mathématiques
de Paris as a postdoctoral fellow.

JSPS postdoctoral fellow Sho
Ilwamoto [April 1, 2013 — September
30, 2014] moved to Technion
(Israel Institute of Technology) as a
postdoctoral fellow.

JSPS postdoctoral fellow Ryo Saito
[April 1, 2014 — September 30, 2014]
moved to the Yukawa Institute for
Theoretical Physics, Kyoto University
as a JSPS postdoctoral fellow,
accompanying his host researcher,
Professor Shinji Mukohyama.

JSPS postdoctoral fellow Norihiro
Tanahashi [April 1, 2013 — August 31,
2014] moved to DAMTP, Cambridge
University as a Research Associate.

Also, Kavli IPMU postdoctoral
fellow Yu-Chieh Chung resigned the
Kavli IPMU at the expiration of his
term, from August 1, 2011 to July 31,
2014.

Errata

In the Kavli IPMU News No.
26, page 36, leftmost column,
immediately below the sub-header
“Kavli IPMU Seminars,” the following
5 lines should be deleted.
1. “Naturalness, Conformal

Symmetry and Duality”

Speaker: Yoshiharu Kawamura

(Shinshu U)

Date: Nov 06, 2013

The numbers of all the seminars
that follow should be decremented
by one.
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Highest Energy Cosmic Rays

Masaki Fukushima

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

Primary cosmic rays arriving at the Earth have an energy
spectrum smoothly decreasing with ~E*, and their
arrival directions are known to be uniform at the level
of 0.1%. These features no longer hold at the energy
of ~10” eV according to recent observations by the
Pierre Auger Observatory and the Telescope Array (TA).
A “dip” structure is found around 10" eV signifying a
change of power index in the energy spectrum, and a
“cut-off” above which the flux is strongly suppressed is
established at ~10'®’ eV. The isotropy in the entire sky is
largely broken above the cutoff as well; in the northern
sky the TA recently announced evidence of a hotspot

in the direction of Ursula-major, and the Auger remains
to register an enhancement of cosmic ray flux toward
the active galactic nuclei Cen A in the southern sky.
The anisotropy is considered reflecting non-uniform
cosmic ray source distribution in the nearby extra-
galactic space, with the arrival of cosmic rays from
distant sources being impeded by the interaction with
the CMB (cosmic microwave background), also leaving
peculiar features in the spectrum. We expect, in the
near future, that source astronomical objects or regions
of enhanced cosmic ray generation are identified within
the GZK (Greisen-Zatsepin-Kuzmin) horizon (z<~0.01),
and that our understanding of the physics of cosmic
ray acceleration and propagation at the highest energy
will further advance. Several experiments such as the
TAx4 extension, Auger upgrade and K-EUSO have been
proposed to meet this expectation.
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