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Director’s Corner

Making a Case for Basic Science

The year 2013 closed with a bang. On December
17,1 had an incredible opportunity. | could discuss
progress of Kavli IPMU and the SuMIRe project in
front of Prime Minister Abe, Minister of Finance Aso,
Minister of State for Science and Technology Policy
Yamamoto, and other members of the Council for
Science and Technology Policy (CSTP), the highest
body in Japan on this matter. They all appeared very
happy to hear about the way we draw excellent
people from around the world, built a research
center with high global visibility, and lead a large
international collaboration.

But | had an additional point to make in the last
one minute. In the worldwide trend of focusing
government funding on applied research, Japan
has been very good in sustaining funding for basic
research, and it should stay so for her own benefits.
Many of the technological breakthroughs, such
as Maglev, worldwide web, imaging techniques
for cancer diagnosis, or GPS, started with basic
curiosity-driven research and their needs. In
addition, the future position of the country requires
educated talents, who can be trained through global
environment typical in basic research. This point
seems obvious to many of us scientists, but needs to
be emphasized repeatedly and widely, especially to
policymakers. Prime Minister applauded right after
my eight-minute presentation, apparently the first
time on CSTP, and | was greatly encouraged.

Mr. Fred Kavli was a true cheerleader for basic
science. We were all greatly saddened by the news
that he passed away on Nov 21. It was only a year

Director of Kavli IPMU
Hitoshi Murayama

and half earlier when he gave a passionate speech
at our naming ceremony. He said “/ support science
because of curiosity and because | believe in its
long-range benefit to humanity. Science helps us
lead healthier lives. Practically everything we touch
in our daily lives has been improved or developed
through basic research. The progress of our entire
standard of living is tied closely to the fruits of
science and research.” He left a great legacy and we
will miss him dearly.

To keep the momentum going on our basic
quests for the secrets of the Universe, it takes
effort on all fronts. Our staff has been exemplary
in supporting all our absent-minded academics all
along. On Dec 20, some of our staff members were
awarded President’s prize for improving business
practice because they produced a wonderful safety
video for online training. It is funny, witty, yet
conveys all crucial information for our newcomers
to watch. This is the second time for us to receive

i ) ) ) Director's
this prize, demonstrating that we are leading the Corner
University not only in science but also in the way to

do business.




FEATURE

Kavli IPMU Professor Shlgeki SUgImOtO

Research Area: Theoretical Physics

Proton, Neutron, and D-brane

1. Prologue

One day, we were chatting about how to explain
the importance of the recent research in string
theory to the general public. Somebody asked
about the “D-brane,” which has played crucial roles
in the recent development of string theory, saying,
“For example, what is a good way to explain the
reason why the research on D-branes is important?”
My answer was, “That’s easy. Because, we are
made of D-branes.” You may think that | was just
kidding. But, | was fairly serious. Yet, | exaggerated
a bit. More precisely, | should have said, “Particles
like protons and neutrons in atoms, which are the
basic ingredients of our body, can be described as
D-branes in string theory.” What is D-brane? How
can that be possible? I'd like to talk about these
topics here.

2/ Quarks and QCD

| suppose you have learned in middle school or
high school that an atom consists of a tiny lump
called a nucleus made of protons and neutrons, and
electrons circulating around it. If you take physics
courses in college, you probably learn that protons
and neutrons are composite particles made of three

smaller particles, called “quarks.”’

' Up to now, six kinds of quarks are found in the experiments, and they are
called up, down, strange, charm, bottom, and top. In this article, we mainly
focus on light quarks, in particular, up quarks and down quarks.

In addition, particles called “pions” flit about in
the nucleus. The pion was introduced by Professor
Hideki Yukawa to explain the force among
protons and neutrons, and confirmed by the
later experiments. It is now known that the pion
is a composite particle made of a quark and an
antiquark. Here, the antiquark is a partner of the
quark, whose properties are almost the same as a
quark except that its charge has the opposite sign.

The particles made of quarks and antiquarks
are called “hadrons,” and there are many kinds
of hadrons. Actually, the number of species of
hadrons confirmed in the experiments is more than
hundreds. And almost all of them, except for some
rare exotic ones, are made of three quarks or a pair
of a quark and an antiquark. A hadron made of
three quarks, such as the proton and the neutron, is
called a “baryon,” and that made of a quark-antiquark
pair, such as the pion, is called a “meson” (Figure 1).

Quarks want to be confined in a trio (baryon) or a
couple (meson), and in particular, nobody has ever
succeeded in extracting an isolated quark in the
experiments. The reason is that there is an extremely
strong force called “strong force” among quarks
and antiquarks, created by the exchange of another
particle called the “gluon.” The theory of strong
force including quarks and gluons is called “QCD."”

QCD is a surprisingly simple and beautiful theory
—something that | really admire. But, it is known to

* QCD is an acronym of “Quantum Chromodynamics.”

4 Kavli IPMU News No.24 December 2013



i ol
:tulfl_ M:l-'imr'l H’ qb
ot »
(5,)
meson

Figure 1. Meson and baryon in the quark model

baryon

be very difficult to analyze. It is almost impossible to
calculate by hand the properties of hadrons, such
as masses, radius, strength of the interaction, etc.,
and people have developed efficient methods to
calculate them using supercomputers. As a result,
it was shown that the predictions of QCD agree
well with the experimental data, and nowadays
QCD is considered to be the fundamental theory
of hadrons. | am very much impressed by the fact
that mankind has reached QCD, even though

no experiments have ever found isolated quarks
and gluons, and the theoretical calculations are
extremely difficult.

3. Particle or String

As explained in the previous section, protons and
neutrons are particles made of three quarks. You
might wonder, then, whether there is a possibility
that quarks are also made by even smaller particles.
This is an interesting question, but there is no
experimental evidence that suggests it to be the
case. This kind of particle—considered to be a
point particle without any further smaller structure
—is called the elementary particle. Examples
of elementary particles include quarks, gluons,
electrons, photons (particles of light), etc.

So far, various kinds of elementary particles are
found in the experiments. The reason why there are
many different kinds of elementary particles is one
of the big mysteries that remain to be solved. As

history tells us, significant progress in physics will be
made when complicated objects are found to be
made of more fundamental and simple ingredients.
This happened, for example, when people realized
that all ordinary matter is made of atoms (atomism);
all the atoms are made of protons, neutrons and
electrons (atomic model); hadrons are made of
quarks (quark model). Physicists are dreaming of
finding a simple principle that deduces all the
elementary particles in a unified way.

“String Theory” is a theory that is expected to
solve this mystery. It is based on the assumption that
the elementary particle is not a point particle but an
extremely tiny string (Figure 2).

The fundamental object in string theory is only
one species of string. This string can oscillate and
spin, and it behaves as a particle with different
properties when the state of the string is different. It
poses the interesting possibility that all the different
kinds of elementary particles are represented by the
same string. Furthermore, surprisingly, it turned out
that the spectrum of particles created by the string
contains the “graviton,” which is the elementary
particle that mediates gravity. Unlike the other
elementary particles, the graviton has a special
property that makes it difficult to be incorporated in
the theory of elementary particles, and constructing
a consistent theory of gravity was a long-standing
dream of physicists. String theory unexpectedly
turned out to be an elegant solution to this problem.

One of the most surprising predictions of string
theory is that space-time is ten dimensional (one
time and nine spatial dimensions). In our daily
life, we can only recognize four dimensions (one
time and three spatial dimensions), but string
theory predicts that there are six additional spatial
directions that we cannot see.’
> The number of space-time dimensions corresponds to the number of

coordinates we have to specify to meet somebody precisely. When we say,

the grouncl 10 miates oM R for xample, we speciy four numbers

(100, 50, 30, 10). In this case, we say the space-time is four dimensional. In

string theory, four numbers are not enough and ten numbers are needed to
specify the location in space-time.

Feature
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Figure 2. Elementary particle and string

The hidden six dimensions are called “extra
dimensions.” The particles realized in string theory
depend on the shape of the extra dimensions.

In other words, the complicated structure of
elementary particles can be realized thanks to the
existence of the extra dimensions. Although we
have unfortunately not yet reached a consensus on
how the shape of the extra dimensions should be
selected, it has been shown that particle contents
very close to those found in the experiments can be
realized with some choices of the extra dimensions.
In string theory, it is not allowed to include the
particles we want in the theory by hand because
of severe consistency conditions. It appears to be

a miracle that such theory includes the graviton
naturally and reproduces the elementary particles
found in the experiments. For these reasons, string
theory attracted a great deal of attention among
physicists, and it was called a promising candidate
of “the ultimate unified theory,” or, “the theory of
everything.” These developments were made around
the middle of the 1980s. There were a number of
surprising discoveries at that time, and people refer
to this era as the first string revolution.

Even now string theory remains to be an attractive
possibility as the ultimate unified theory, and many
physicists are trying to make it complete. It is,
however, still under construction. Since | don't want
to disappoint you later, I'd like to state clearly here
that I'm not going to discuss the ultimate unified
theory below. The main goal of this article is to

explain recent attempts to describe QCD or hadron
physics discussed in section 2 using string theory. It
is now possible to describe hadrons in string theory
and calculate various physical quantities that can
be compared with the experimental data. In order
to achieve such technology, we had to wait for
another string revolution.

4. Gauge/String Duality

In the latter half of the 1990s, string theory again
encountered an era of great development called
the second string revolution. The development
was mainly more theoretical, such as the non-
perturbative effects in string theory, and it may
not sound as glorious as the ultimate theory. The
researchers are very much excited, however, because
the development has drastically overturned some of
the basic concepts in physics such as “dimensions of
space-time,” or “elementary particle.” In particular,
the “gauge/string duality” was one of the most
striking discoveries during the second string
revolution.

The main claim of the gauge/string duality is that
gauge theory and string theory are equivalent in
certain situations. Here, the gauge theory is a theory
with an elementary particle mediating force, like
the gluon in QCD, introduced by imposing certain
symmetry. It is known that the theory of strong
force, weak force, and electromagnetic force are all
described by gauge theory. QCD is a typical example
of gauge theory.

The surprising features of the gauge/string
duality are as follows. Gauge theory is a theory of
elementary particles living in a four dimensional
space-time, while string theory is a theory of strings
living in a ten dimensional (curved) space-time. The
fundamental degrees of freedom and even space-
time dimensions are different. Apparently, they look
completely different, but, nevertheless, the duality
suggests that they can be equivalent. Everyone was

6 Kavli IPMU News No.24 December 2013
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surprised when Maldacena conjectured this duality
in 1997, because it was totally unexpected.

How can gauge theory and string theory be
equivalent? In order to explain this, we have to
introduce the “D-brane.” A D-brane is an extended
object in string theory. There are various types of
D-branes. If it is extended along the time direction
and p dimensional spatial directions, it is called a
Dp-brane. For example, the D2-brane is a membrane
embedded in ten-dimensional space-time. It can
take various shapes, e.g., a spherical one as a soap
bubble, or an infinitely extended planar D-brane can
also exist. The characteristic property of the D-brane
is that the end points of strings can be attached to
it. There are two possible types of strings in string
theory. One of them is called a “closed string,”
which looks like a rubber band without end points,
and the other is called an “open string,” which has
two end points like a rubber band cut by scissors.
As depicted in Figure 3, closed strings can be
separated from the D-brane, while open strings
cannot, since the end points are attached on the
D-brane.

Though this D-brane might look strange, it is
now well established that such objects exist in
string theory. The importance of the D-brane was
recognized in the mid 1990s, and it played crucial
roles in the second string revolution. One of the
reasons was that the D-brane provided an easy way
to realize gauge theories in string theory. It can
be shown that the open strings attached on the

Opeh String

Figure 3. D-brane, open string, and closed string

D-brane contain particles that mediate forces and

a gauge theory is realized on the D-brane. At this
stage, this is still a theory of strings, but it is possible
to tune a parameter of the theory to make the
length of the strings to zero and then, the theory
becomes a theory of point particles. For example, in
the case of a D3-brane, which is extended in three
spatial dimensions, we obtain a gauge theory in a
four dimensional space-time.

On the other hand, according to Einstein’s theory
of general relativity, when there is a D-brane, the
space-time around it will be curved. Let us briefly
explain what it means for those who are not familiar
with the notion of curved space-time. Imagine a
soft rubber sheet with horizontal and vertical lines
like a graph paper. The vertical line corresponds to
the time axis and the horizontal line corresponds
to a spatial axis, and a free particle moving with a
constant speed corresponds to a straight line on it.
When the rubber sheet is bent out of shape, the
straight line will be curved. The idea of Einstein’s
general relativity is to interpret this curved line as
the track of a particle moving under the influence
of gravity. In some cases, the gravitational effect of
D-branes can be captured in a good approximation
by replacing the D-branes with the corresponding
curved background. It can then be shown that the
parameter tuning considered above does not lead
to zero string length limit, and the system we obtain
is a theory of strings living in a certain curved space-
time.

Feature
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Figure 4. Meson and baryon in string theory

In this way, two descriptions of the system are
obtained, one of them is a four dimensional gauge
theory, and the other one is string theory in a
curved space-time. Since they are obtained from the
same D-brane system, it is natural to expect that
they are physically equivalent. This is the basic idea
of the gauge/string duality. Although this argument
motivates us to believe that the duality holds, it does
not mean that the duality is proven in a satisfactory
way. Therefore, it is important to investigate
concrete examples in detail and check whether the
predictions of the duality are satisfied. After a lot of
works done in this direction, a huge number of non-
trivial evidences supporting the duality have been
found and now the gauge/string duality is widely
believed to be true.

5. Holographic QCD

What can we learn from the gauge/string duality,
if it is applied to QCD? The string theory description
equivalent to QCD under the gauge/string duality is
called “holographic QCD."*

Up to now, a string theory description completely
equivalent to QCD has not been found yet. But,
there is a string theory set up equivalent to a gauge
theory that agrees with QCD at low energies in a
good approximation. The following discussion is
based on this string theory description. It can be

* This name came from holography which is a technology to record three
dimensional images in a film, since the duality predicts the equivalence of
four dimensional QCD and ten-dimensional string theory.

D-brong
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shown that hadrons like protons, neutrons, and
pions discussed in section 2 are successfully realized
in the holographic QCD. I'd like to provide a glance
at the main points here.

Following the discussion given in the previous
section, the holographic QCD is obtained by first
constructing a D-brane system that realizes QCD,
and then, by replacing part of the D-branes with
the corresponding curved space-time. As a result,
we obtain a system with a D8-brane embedded
in a curved ten-dimensional space-time. How can
hadrons be realized in this set up?

Since there is a D8-brane in the system, open
strings with end points attached on it can exist.
These open strings are interpreted as mesons. If you
compare Figure 4 with Figure 1, you will see that
the pictures of the open string and the meson look
similar.

In section 3, | explained the possibility that various
elementary particles can be obtained from just one
string. Applying exactly the same idea to this open
string, it is natural to expect that various kinds of
mesons can be obtained from the open string. In
fact, it can be shown that the meson spectrum
predicted from this open string reproduces not only
the pion, but also a lot of other mesons found in the
experiments. Furthermore, it is possible to estimate
the masses and strength of interactions of the
mesons, and the predictions of holographic QCD
turned out to be in reasonable agreement with the
experimental data, although the approximation

8 Kavli IPMU News No.24 December 2013



made for the calculation is still crude.

Note that the role of strings in holographic QCD
is a bit different from what we saw in section 3, in
which elementary particles are made of tiny strings.
Here, an open string corresponds to a meson, which
is @ composite particle made of a quark and an
antiquark. In addition, this string theory description is
not meant to be a theory that is more fundamental
than the theory of elementary particles. Under the
gauge/string duality, gauge theory and string theory
are considered to be equivalent and both of them
are on an equal footing. These are new viewpoints
that gauge/string duality brought us.

What about baryons? As | already told you at the
beginning, baryons are identified as D-branes. There
exists a D4-brane wrapped on a four dimensional
space along the extra dimensions and trapped as
depicted in Figure 5.

The D4-brane is an object extended along one
time direction and four spatial directions. Now, since
all the four spatial directions on this D4-brane are
along the extra dimensions, it behaves as a particle
extended only in the time direction in the four
dimensional space-time in which we are living. This
particle is interpreted as a baryon. Interestingly, it
can be shown that this D4-brane necessarily have
three open strings attached on it, due to an effect
of a field called RR field in the background. As you
can see comparing Figure 1 and Figure 4, a baryon
made of three quarks resembles a D4-brane with
three strings.

Figure 5. D-brane wrapped on the extra dimensions

By analyzing the spectrum of the states obtained
from this D4-brane, it has been shown that the
states identified as protons and neutrons are found
as expected. Moreover, a lot of other baryons,
such as excited states of nucleons, are reproduced.
More detailed analyses have revealed that various
properties of protons and neutrons such as the
magnetic moment, electric charge distribution, etc,
calculated in the holographic QCD agree with the
experimental data quite well.

6. Epilogue

We have learned that the hadrons living in nuclei
can be described by string theory, and mesons and
baryons correspond to open strings and D-branes,
respectively. In this description, the world looks a
bit different from the traditional view. In particular,
since protons and neutrons account for more than
99.9% of our weight, | was tempted to say “We
are made of D-branes.” Don’t you think it is a bit
amusing to step on the scales, if you know that you
are measuring the weight of the D-branes in your
body?

Actually, the topic | have discussed so far is only
a small piece of the charm of the D-brane. The
D-brane appears in various situations in string
theory. It can describe black holes, or even the entire
universe in some scenarios. | hope there will be
other occasions to discuss these topics.

Feature



”ya Ka rZhemanOV Research Area: Mathematics

Postdoc

My research interests are in algebraic, especially
birational, geometry. | am interested in developing
numerical criteria, which should be typical for
rational, or more specifically, homegeneous/toric
varieties. Among such invariants are (asymptotic)
multiplicity-type functions, constructed with respect

to a given line bundle L on an algebraic variety X, i.e.

to any point p on X the function (say m) in question
associates (appropriately averaged) multiplicity m(p)
at p of various (maybe not all) global sections of
L.In case m is a sort of a distribution on X (e.g. m

is constant), one might expect X to be “close to
homogeneous space,” in particular stable (for one of
the (or any) kinds of known differential-geometric
versions of stability). On the other hand, the “non-
homogeneous” behavior of m should give an
obstruction for X to be rational.

MyeO N g h un Pa rk Research Area: Theoretical Physics

Postdoc

The primary area of my research is the collider
and dark matter phenomenology of physics
beyond the standard model (BSM), including, but
not limited to, theories with supersymmetry, extra
dimensions, and various models motivated by
experimental observations. For BSM searches at the
LHC, | have been preparing systematic ways for the
LHC inverse problem. One of my interests in BSM

collider phenomenology is related to the current
developments on the computational simulations.
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AndreaS SChUIZe Research Area: Astronomy

Postdoc

Every massive galaxy harbours a supermassive
black hole in its center, with masses from a few
million to several billion solar masses. Their growth
seems to be linked to the evolution of their host
galaxies. We need to explain this connection and
understand the growth history of black holes. The
questions | am addressing in my research are: How
are black holes growing? What is their growth

Yue'L|n Sm|ng Tsa| Research Area: Theoretical Physics

Postdoc

My research interests cover a wide range of
complementary topics in the field of dark matter
physics, including particle physics, astrophysics,
cosmology, and statistics. DM searches incorporate
three experimental approaches: i) direct detection
(DD), ii) indirect detection (ID), and iii) collider
signatures.

Using a dark matter Lagrangian and experimental
data sets, particle physicists can constrain the particle

history? How is their growth triggered? How is their
activity connected to the evolution of their host
galaxies?

Our Team

model parameter space. In contrast, by utilizing other
astrophysical data sets in analyses of ID and DD data,
astrophysicists can model-independently constrain
the properties of dark matter.



Interview

with Fabiola Gianotti

Interviewer: Hitoshi Murayama

An Intense Month toward
Announcement of the
Historic Discovery

Murayama: You announced
the historic discovery of the
Higgs boson at the CERN LHC
last July 4th. | watched that
over the web and that was
really a moving moment. But
how were you feeling just
before the announcement—
before the seminar?

Gianotti: | think the prevailing
feelings were satisfaction,
concentration and...
exhaustion. We had been
working night and day over
the previous 4 to 6 weeks. We

Fabiola Gianotti received her Ph.D.
from the University of Milan in 1989
and became CERN Staff Member

in 1996. She has been working in
the ATLAS experiment since the
beginning of the project (early ‘90s)
contributing to detector design

and construction and to detailed
studies of the physics potential. She
served as ATLAS Spokesperson from
2009 to March 2013.1n 2012 she
was awarded the title of “Grande
Ufficiale al merito della Repubblica”
by the Italian President and the
Special Fundamental Physics Prize of
the Milner Foundation. In 2013 she
was awarded the Enrico Fermi Prize
of the Italian Physical Society and the
Niels Bohr Institute Medal of Honor.
She has honorary doctoral degrees
from the University of Uppsala and
the Ecole Polytechnique Fédérale de
Lausanne (EPFL) and she is Honorary
Professor in the School of Physics

& Astronomy, the University of
Edinburgh. She is member of the
Italian Academy of Sciences
(“Accademia Nazionale dei Lincei").
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unblinded our analyses of the
2012 data at the beginning of
June and the announcement
was made at the beginning of
July.

Murayama: July 4th, right?
Gianotti: Exactly. So, 4

weeks in total from our first
look at the “signal region”
with the 2012 data and

the announcement. Do you
remember that by the end of
2011 we had some little hints,
3c?

Murayama: | was there at the
December meeting (of the
CERN SPC).

Gianotti: We had a 3¢ excess
around 125-126 GeV. But, of
course, excesses at the level
of 3¢ are mainly fluctuations,
and so they come and go.
The December 2011 hints
were not at all conclusive nor
convincing. After the winter
shutdown, the accelerator
resumed operation at the
beginning of 2012 ramping
up in energy to 8 TeV (in 2011
the centre-of-mass energy
was 7 TeV). That additional
TeV was one of the crucial
elements for the discovery.
Although data-taking started

'The SPC (Scientific Policy
Committee) is one of two subsidiary
bodies to the CERN Council. Hitoshi
Murayama has been a member of
the CERN SPC since 2010.



in April 2012, following good
scientific practice we did not
look at the data in the region
of mass not yet excluded by
previous results (the so-called
“signal region”) until we had
optimized our analyses on
simulated events. On the
other hand we studied

the main background
processes very carefully

with data, and validated the
simulation against data in the
background regions. It was
only at the beginning of June,
after recording about 1 - 1.5
b (inverse femtobarn) of
integrated luminosity, that we
unblinded the signal region.
We had two main analyses,
Higgs — vy and Higgs —
4-leptons, and | remember
that the first analysis to be
unblinded was Higgs — yy.
Murayama: The best places to
look.

Gianotti: When we unblinded
the Higgs — yy analysis,
around June 10, I was at
Fermilab to take part in

a symposium celebrating

the history of the Tevatron
Collider. When | saw the
results | made a jump on my
chair. There was an excess
around 125-126 GeV, ie,

at the same mass as the 3o
excess observed in the 2011

data, and with an
independent data set.

| remember a
particularly “crisp”
exchange of mails with
the ATLAS colleague that
had sent me the results. |
wrote him “Oh my God”
and he replied “Indeed.” That
was it.

One-two weeks later
we unblinded the Higgs
— 4-leptons analysis. You
know, for Higgs — 4-leptons
we expected a handful of
candidates. We had four
events in the mass region
around 125 GeV at the end
of 2011. But, there were no
new candidates in the 2012

data when we first unblinded.

So, we were quite puzzled.
Then nine candidates came
all of a sudden at the end

of June, a good example of
statistical fluctuations with
small numbers.

Murayama: Wow.

Gianotti: So in the end we
had signals in both channels.
It was a very very intense
month. We were very excited,
but focus and concentration
prevailed. We have been
working so hard to record

Hitoshi Murayama is Director of Kavli
IPMU. He is also Professor at the
University of California, Berkeley.

Interview



the highest-quality data, to
improve the reconstruction
efficiency and detector
performance for electrons,
muons, and photons, and to
understand all possible issues
of the analysis. Every detail
was scrutinized; we made all
sorts of checks in time for
the seminar. When | entered
the auditorium..there were
so many people there—many
of my ATLAS colleagues (and
| knew that many more were
following from other rooms
or from Melbourne” where
the ICHEP Conference was
taking place), many summer
students, and many of the
scientists who have made the
history of the LHC, like Lyn
Evans and Giorgio Brianti.
There were also many of the
key people from the LHC
infrastructure and operation
teams, with Steve Myers, the
head of the Accelerators. And
there were previous CERN
Directors General, including
Chris Llewellyn-Smith, Luciano
Maiani, and Robert Aymard,
and CERN Management,
obviously.

Murayama: So you were kind
of tense and nervous?

?The 36th International Conference
on High Energy Physics was held in
Melbourne on July 4-11, 2012.

Gianotti: | was not really
nervous..it was rather..an
intense moment.
Murayama: Certainly you
looked very relaxed and
confident.

Gianotti: | was very
motivated..beyond the
exceptional result, | was

so proud to show how

well ATLAS, | mean the
whole experiment, had

been functioning in all its
components (detector, data-
taking, software, computing,
analysis), thanks to the

hard and competent work
of hundreds of talented,
dedicated people, among
which were many young
people. The contribution

of every individual was
crucial, and at the same
time the ensemble worked
as a perfectly synchronized
orchestra.

Murayama: That is wonderful.
Gianotti: A great time..and
the accomplishment of more
than 20 years of efforts of
thousands of people.

Told by CERN Director
General to Postpone Travel
to Melbourne

Murayama: When did you
actually learn that CMS also
had a comparable signal?

Gianotti: The CMS
spokesperson, Joe Incandela,
and | had been in touch

all the time. We were not
discussing the results in detail,
but we knew more or less
how things were progressing
in the other experiment. We
had agreed that we would
not disclose any information
about the other experiment
to our Collaboration.
Murayama: How much
information did you share at
that stage?

Gianotti: We knew that the
other experiment had an
excess in the mass region
around 125 GeV also in the
2012 data. We knew that the
excess was growing with time
and that it was there in the
two main channels (yy and
4-leptons). This was the kind
of information we shared. We
also kept the Director General
(DG) informed. | think you
were at CERN for the June
SPC week?

Murayama: Yes, | was.
Gianotti: That week was
really something...it was a
Council week and | remember
on June 23rd, at the Council
dinner, the DG took Joe

and me aside and told us,
“Guys postpone your trip to
Melbourne. The council wants
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a seminar here at CERN.” We
then discussed the date and
agreed tentatively for July 4th.
Murayama: There was actually
a discussion at the SPC at that
time, that the announcement
should be done on site, rather
than at Melbourne.

Gianotti: Exactly. On the
Friday before the seminar,
June 29th, the DG called Joe
and me in his office and said
“Now | want to have the
numbers of 6.” We put the
numbers on the table. It was
5.1 for ATLAS.

Murayama: CMS, | remember,
had 4.9. 1 am sure that was
really exciting.

Gianotti: | will never forget
those days.

Murayama: So, until that
moment Rolf (CERN Director
General, Rolf-Dieter Heuer)
didn’'t know how significant
the signal was?

Gianotti: Actually on June
23rd, when it was decided to
hold a seminar at CERN, he
knew that by combining the
results from both experiments
the signal would be above
56, but he didn't know
exactly how much we had
individually.

Murayama: Interesting. When
did he invite Peter Higgs,
Francois Englert, and Tom



Kibble?

Gianotti: | don't know exactly,
I think he invited them a few
days before the seminar.
Murayama: | see. So he was
really confident about that,
wasn't he?

Gianotti: | think he was
confident that it would be
above 5c by combining both
experiments. So, enough to
announce a discovery.
Murayama: Individually you
had 5c. That was amazing. |
wasn't expecting that.
Gianotti: We had convincing
signals in both channels.
When at the beginning of
June the 2012 ATLAS data
were showing an excess in the
Higgs — yy channel, but we
had no new Higgs — 4-lepton
candidates, | told myself, “We
will not go public if we don’t
see it in the two main decay
channels.” Then, gradually,
with more data, the signal
built up in both channels. |
would like to stress that the
accelerator really performed
in a superb way that month
of June, the best month

of operation of all 3 years.
Without that performance,
we would have not discovered
the Higgs boson so quickly.
Murayama: Fantastic, | am
sure it was a really, really

exciting moment.

Gianotti: We owed it to
team work and team spirit.
We worked all together,
experiments and accelerator
groups, in a very harmonized
and efficient way.
Murayama: | was watching
the announcement over

the web from my home in
Berkeley. That was after
midnight, but | couldn't sleep
at all. It was so exciting, and
your last slide said 5c..and |
wept. | literally wept. It was so
moving.

Gianotti: The excitement

is also due to the mass of
the new particle. Nature

has been very kind to us
because a Higgs boson of
125 GeV decays into many
different final states (yy,

77, WW, bb, tt) and so we
can study it in a variety of
topologies both at the LHC
and future accelerators. If it
had been heavier, only WW
and ZZ decay modes would
have been experimentally
accessible, thereby reducing
dramatically the
opportunities of measuring its
properties.

Murayama: We are so lucky
that we can actually study all
of them.

All the ATLAS Members
Worked in Full
Synchronization

Gianotti: Another reason |
was very proud on that 4th of
July was our accomplishment
as an experiment. ATLAS
worked in a superb manner
over the past years, and

in particular in the weeks
preceding the discovery and
the announcement. The

data included in the results
shown by ATLAS and CMS on
July 4th were recorded until
June 18th. June 18th was

a Monday, and on Sunday,
June 24th, we already had
the preliminary results based
on the full data set that we
would show on July 4th. It
means that the data taken up
to 6 p.m. on June 18th had
been calibrated, processed,
reconstructed, distributed all
over the world, analyzed, and
gone through the statistical
combination of the various
Higgs boson decay channels.
Murayama: That is so fast.
Gianotti: Amazing. So, on
June 24th, | already had

the complete results on my
laptop..not final, there were
still...

Murayama: Some refinement.
Gianotti: ..some refinements
and cross-checks to be done,

but actually they didn't
change much. So, this really
shows that all the people
working at the various steps
of the chain—and it's a very
long chain from the detector
to the final plots and numbers
—had done their work in the
best way, impressively fast,
and fully synchronized with
the others. Really fantastic. |
was very much impressed.
Murayama: Then right after
you finished the last slide
there was a standing ovation,
right?

Gianotti: That was a very
touching moment..the
awareness that the LHC,

and by LHC | mean

the experiments, the
accelerator, the international
collaborations, and CERN,
had accomplished something
great and memorable.
Murayama: There is a famous
picture of you and Mr. Peter
Higgs together and he is
blessing you for this incredible
achievement. That was
probably the first time you
met him?

Gianotti: It was. |
congratulated him on his
brilliant idea.

Murayama: He was right.
Gianotti: Yes he was right.
Peter Higgs is a very modest,

Interview



nice person. | was really
impressed by him, not only
for his scientific stature but
also for his human qualities.
He congratulated ATLAS on
the great achievement. | gave
credit to him, and he gave
credit to the experiments.
Murayama: That's fantastic.
Gianotti: An unforgettable
moment.

Murayama: A word on
Francois Englert?

Gianotti: | had met
Francois Englert before.

He has a completely
different personality, very
sparkling...flamboyant™ you
would say in French.
Murayama: Then you moved
to the press conference.

Returned to Business as
Usual Right after the Press
Conference

Gianotti: The press conference

was very interesting with a lot

of stimulating questions. There

| had some presentiment, for
the first time, of the impact
our discovery would have on
people’s minds. We finished at
1 p.m. Then | went to the LHC
Machine Committee meeting
(LMC), which takes place
every Wednesday afternoon.
The LMC is a meeting where
the accelerator experts—
including the operation,

and infrastructure teams—
and representatives from the
experiments get together

to review achievements and
problems of the previous week
and to plan for the following
week. That Wednesday, July
4th, was no exception, and |
attended the LMC meeting as
every Wednesday.
Murayama: Wow. Business as
usual!

Gianotti: Business as usual
—and that meeting was
something special, with a kind

of surreal atmosphere—no
one mentioned the morning’s
events; no special celebration;
we did not congratulate each
other. Nothing. Business as
usual, back to normal life.
Murayama: Really? That's
amazing.

Gianotti: Steve Myers

started the meeting as

every Wednesday: minutes

of previous meeting, action
items, etc. The only allusion to
the discovery was on the first
slide of the status report given
by Mike Lamont, the head

of the LHC operation team.
The title was “Report from
the Higgs factory operation”
instead of the usual “Report
from the LHC operation.”
British humour....That was it.
Murayama: That's a nice
touch, though.

Gianotti: It was. At some
point during the LMC
meeting | realized that | had
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switched off my cell phone
during the press conference
and had forgotten to switch
it on again. Immediately |
received a call from Paola
Catapano (from the CERN
communication group)

who asked: “Where are you
hiding? The journalists are
looking for you.” | replied

| was at the LMC meeting.
She shouted at me “Are you
Craaaaazy? You are going to
the LMC meeting the day of
the Higgs discovery, when the
press from all over the world
is on site?” | replied, “Paola,
we discovered a new particle,
that's fantastic, but now let's
move on.”

Murayama: Back to business.
Gianotti: After the LMC

| went home to prepare

my luggage for the trip to
Melbourne. | failed to forget
that it was winter in the
southern hemisphere...
Murayama: No champagne
that day?

Gianotti: There was a little
champagne party in building
40, but it was during the press
conference.

Murayama: So you missed it.
Gianotti: | missed it. | was told
that it was a nice moment,
and an informal one. People
had gathered together



spontaneously.

Murayama: Now that you
have discovered the Higgs
boson, and you stepped down
as the spokesperson, what's
next for you?

Gianotti: After stepping
down as spokesperson, and
completing some tails of my
previous job, | have been
contributing (as main editor)
to the ATLAS article describing
the measurements of the
Higgs boson couplings. It was
submitted for publication on
4th July 2013 (exactly one
year after the announcement
of the discovery!), together
with the “twin” paper on the
determination of the Higgs
boson spin.

Murayama: They are beautiful
papers.

Gianotti: The work on the
Higgs boson paper was a

lot of fun. I had the chance

to work with many young
people and to dig into the
details of the analysis. By the
way, Hitoshi, in several cases
the experimental uncertainties
on these measurements are
becoming comparable to the
theoretical uncertainties. This
calls for some additional work
from theorists...

Murayama: | know. The

data are calling for lots of

improvement in theory.

Gianotti: Now | am here

in Japan for a completely
different reason. | am
involved in a review of the
Japanese participation in
the LHC upgrade—both
the accelerator and ATLAS.
Japan has made very strong
contributions to the LHC,
from construction of high-
tech detector and accelerator
components to physics
analyses (including Higgs
boson searches in the Higgs

— vy channel). Giving lectures,

mostly in the US, has been
another intense activity
over the past months. | like
teaching very much, but |
had to neglect it while | was
Spokesperson.

Murayama: You are also
involved in P5 in the US.
Gianotti: Yes, and this

is another commitment
requiring traveling and quite

some work. As you know

P5 (Particle Physics Program
Prioritization Panel) is a
committee set up by the US
Department of Energy (DOE)
to propose the roadmap for
US high energy physics for
the 10-20 years to come.

It's a very interesting and
stimulating panel, covering
the full spectrum of topics
and facilities in our discipline,
including cosmic surveys,
neutrino physics, underground
experiments looking for dark
matter, colliders, etc. This is
making my life a bit busy at
the moment, but | plan to
ramp up my ATLAS activity
again soon, to prepare for the
second LHC run. Indeed, in
2015 the LHC energy will be
raised by a factor larger than
1.5, so that the potential for
both discovering new physics
and performing precise
measurements of the known

particles (including the new
“entry,” the Higgs boson) will
improve significantly.
Murayama: Good, | am sure
you will enjoy that.

Studied Humanities in

High School and Piano in

Parallel

Murayama: Now back a little

bit to your own story. You

actually majored in music

right? You got a degree at the

conservatory.

Gianotti:| got a 10-year

piano degree, but in parallel

| have also been studying

humanities at high school, so

Latin, ancient Greek, literature,

history of art, philosophy... and

very little math and physics.
One good thing of the

’The ongoing LHC upgrade is to
increase the energy of each proton
beam from 4 TeV to 6.5 TeV (center-
of-mass energy from 8 TeV to 13
TeV). It is expected to be completed
by early 2015.
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[talian education system is
that no matter what you
study in high school, you have
access to the full spectrum of
disciplines at the University
level. So even if you have
studied humanities, you

can move to science. This is
very good, because at the
beginning of high school,
when you are 13 years old

or so, you don't really know
what you want to do in life.
And the years between say
13 and 18 are crucial for

kids to mature. So it's very
important to have flexibility

in the education system,

and not to be forced to take
final decisions about your
professional life when you are
not even a teenager.
Murayama: What made you
do that switch?

Gianotti: Many reasons. First
of all, I have always been a
very curious kid, asking all
kinds of questions. Why don'’t
stars fall from their height?
Why do they stick to the

sky? At that time there was
no Web, so | could not find
information easily and quickly.
I used to ask adults and often
replies were unsatisfactory. So
I wanted to find the answers
myself, or at least contribute
to finding them. That was one

motivation.

Murayama: You wanted to
know more.

Gianotti: Yes. Then, when
Iwas 16 or 17,1 read a
beautiful biography of Marie
Curie. | was stunned. | was
particularly impressed by her
“domestic” way of doing
research. Her small and
rudimental laboratory was a
room in her house, close to
the kitchen, and she could
check the radioactive samples
while she was preparing the
soup for dinner. | found this
simple and familiar way of
doing science very attractive.
Of course, what | ended up
doing is completely different..|
could not move ATLAS to my
kitchen!

Murayama: And you can't
have a kitchen right next to it.
Gianotti: Well, actually we

do have a small kitchen at
the ATLAS experimental site.
But that's not what | meant.
Another event that pushed
me into physics occurred in
my last year of high school,
when our professor of physics
talked about the photoelectric
effect. Of course, we didn't
have enough mathematical
grounds to understand
quantum mechanics and

the details of the underlying

physics. But | was very much
impressed by the explanation
provided by Einstein of this
phenomenon: he understood
that electrons are emitted
from a metal only when the
sample is hit by light of the
right wavelength (hence
photons with quantized
energy equal or larger than
the electrons’ binding energy
in the material). | found this
explanation so obvious, so
compelling, so elegant, and so
simple..that | said to myself,
“Physics is what | want to
do!”

Murayama: You were not
puzzled by this wave-particle
duality?

Gianotti: Not much at that
time because | was not really
exposed to it. | am more
puzzled now..but we know
that quantum mechanics can
be very little intuitive.
Murayama: Anyways, that
really sank into your mind.
Gianotti: The three elements
I mentioned were very
instrumental to bring me into
physics. | liked philosophy

as well, because it also tries
to identify and address

the big questions. But, |

had the impression that
physics is more direct, as it
really strives to answer the
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questions one by one through
experiments, observations,
and measurements. So |
decided to study physics. |
was of course not sure that
this would be my...
Murayama: Lifetime passion?
Gianotti: Yes. But the
hesitation didn’t last long..as
soon as | started to study
mathematics, mechanics,
thermodynamics, and later

on quantum mechanics

and quantum field theory, |
understood that was really my
way.

What Next for Particle
Physics?

Murayama: Great! Now
looking further into the
future, what's next for particle
physics?

Gianotti: It's really amazing
that this question comes from
you. You are a theoretical
physicist, so you should guide
us experimentalists! Seriously,
I think there are three main
results from the first LHC run.
First, we have consolidated the
Standard Model with a huge
amount of measurements

in a new energy regime. It
works beautifully. Second, we
have completed the Standard
Model with the discovery of

a Higgs boson. One of the



fingerprints of a Higgs boson
is that it is a scalar particle,
i.e, it has zero spin. All our
observations are in very
good agreement with this
hypothesis. We don't know
yet if the new particle is THE
Higgs boson of the minimal
Standard Model or an object
belonging to a more complex
theory. It looks very much
like the Standard Model
Higgs boson, but the present
measurements by ATLAS and
CMS are affected by large
uncertainties (at the level of
typically 20%). Anyway, all
particles predicted by the
Standard Model have now

been observed experimentally.

The third important result
from the first LHC run is
that we have no evidence so
far for physics beyond the
Standard Model. It doesn’t
mean that new physics does
not exist. It may well be
accessible at the LHC in 2015
or later, when running at
13 TeV. It may even be that
new physics is in our present
data and we haven't find it
yet because it manifests itself
in a less obvious way than
expected, hence requiring
more work and more time to
be identified.
Murayama: Like a degenerate

spectrum.

Gianotti: Exactly. Or very
exotic signatures. Obviously,
we have already scrutinized
our data extensively and
looked at as many topologies
as we could. And the most
obvious scenarios have been
ruled out. But we cannot
completely exclude that
new physics is hiding in
some difficult corners of the
parameter space. For sure
operation at 13 TeV will

be extremely beneficial for
searches (and not only for
searches).

What can we expect to
see? Well, we know that the
Standard Model is not able to
address in a satisfactory way
all questions in fundamental
physics. We don’t know the
composition of dark matter
and what is the origin of the
matter-antimatter asymmetry
in the universe. Dark energy is
an even bigger question, for
which we have no clue. Is the
accelerated expansion of the
universe due to a modification
of gravity or to an unknown
form of energy? Actually the
Higgs field exacerbates the
problem.

Murayama: It's part of dark
energy.
Gianotti: Moreover, we

are not able to formulate
quantum theory of gravity,
and therefore to reconcile
gravity with the three other
forces. For these and other
reasons, we know the
Standard Model is not a
complete theory and there
must be new physics. The
question is: “Where is this new
physics?” Is it at an energy
scale accessible to the LHC
or to a future higher energy
collider? Or is this scale far
too high to be explored by
any conceivable accelerator
built by mankind?

In any case, it's very nice
that we now have a new
particle, a Higgs boson,
which requires detailed
studies and measurements.

[t might be a door into new
physics, as the latter could
modify some properties of
this particle (production and
decays modes, strength of the
interactions with the other
particles, etc.). For instance,
the LHC can reach an ultimate
precision on the measurement
of the Higgs boson couplings
at the level of 2-5% (based
on some assumptions). This
would allow some scenarios
of new physics to be excluded.
To do better, a precision of a
few permil is needed, which

can only be provided by an
e’e” accelerator, like the ILC.
Also, only an ee” collider
allows measurements of the
absolute Higgs couplings

to be made in a model-
independent way.

Another crucial study in the
years to come, an essential
“closure test” of the Standard
Model, is related to WW
scattering at high mass...
Murayama: Demonstrating
unitarity of scattering.
Gianotti: Does the Higgs
boson fix the bad behavior of
the Standard Model for large
masses of the WW system?
Or is there a new dynamics
coming into play? This is a
very interesting territory to
study, which again calls for
full LHC energy because...
Murayama: The cross section
is so low.

Gianotti: Right. So, interesting
times ahead.

Murayama: Let's hope for the
best.

Gianotti: Yes, let's hope for
the best, Kanpai to new
physics!

Murayama: That is right,
thank you Fabiola.

Gianotti: Many thanks to you,
Hitoshi.

Interview



Workshop Report

European Union’s UNIFY Workshop

Hirosi Ooguri

Kavli IPMU Principal Investigator

Since 2011, the Kavli IPMU has been
participating in the research program
entitled, “Unification of Fundamental
Forces and Applications (UNIFY),”
under the International Research Staff
Exchange Scheme of the Marie Curie
Actions of the European Union (EU).
There are three nodes in the UNIFY
network in Europe: the Berlin node
consisting of Humboldt University
and the Max-Planck Institute for
Gravitation Physics, the Paris node
with the Ecole Normale Supérieure,
the University of Paris VI, and the
Centre de Saclay of the French
Atomic Energy Commission, and the
Portuguese node with the University
of Porto. Non-EU nodes in the
network are at the California Institute
of Technology and the Stony Brook
University in the United States and the
Perimeter Institute of Canada, as well
as the Kavli IPMU. The purpose of the
program is to enhance exchanges and
collaborations among researchers in
the UNIFY network. The Marie Curie
Programs cover the travel expenses of
EU researchers when they visit non-EU
nodes. The research objectives of the
programs are fundamental aspects
of superstring theory and quantum
field theory toward understanding the
unification of forces in nature. Hirosi
Ooguri represents the Kavli IPMU as a
member of the executive board of the
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UNIFY network.

Over the past 3 years, several
collaborations have emerged
within the UNIFY network. Every
summer, the network hosts its main
conference. The first main conference
was held at the University of Porto
in 2011, followed by the second main
conference in Berlin in 2012. This
summer, the third meeting was held at
the Kavli IPMU. For two weeks from
August 26 to September 6, the Kavli
IPMU hosted the UNIFY workshop
entitled, the “Kavli IPMU Workshop
on Gauge and String Theory.”

Unlike regular research conferences,
we only scheduled a two hour talk
for each morning, leaving afternoons
for informal discussions and
collaborations, to enhance exchanges
and collaborations within the UNIFY
network. This followed the successful

style of workshops practiced at
the Aspen Center for Physics for
more than 50 years. In fact, several
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research results have emerged from
collaborations during the workshop.

The first week of the workshop was
dedicated to the integrability structure
of the AdS/CFT correspondence, and
the second week, to exact techniques
such as localization in supersymmetric
gauge theories.

Approximately 50 researchers from
Europe came to participate in the
workshop, some of whom stayed at
the Kavli IPMU for a few months and
contributed to its research activities.
Most of the researchers from abroad
were supported by EU’s Marie Curie
Action, and the total cost for the Kavli
IPMU was about half of its regular
Focus Week.

Though the workshop turned
out to be larger than we originally
anticipated, it was very successful. We
are grateful to the administrative staff
members of IPMU for their dedicated
service.




Workshop Report

Holography and QCD
—Recent Progress and Challenges—

Shigeki Sugimoto

Kavli IPMU Professor

In the late 1990’s, a mysterious
duality called the “gauge/string
duality” was discovered out of the
research in string theory. The claim
is that a gauge theory and string
theory in a certain curved space-
time can be physically equivalent. This
duality is also called the “holographic
dual,” because it is a duality relating
two theories in different space-time
dimensions. From about 10 years
ago, the application of this idea to
QCD, which is the theory of strong
interaction, has been discussed
extensively. This workshop, held on
September 24 - 28, is mainly focused
on topics related to the research in
this direction.

It has been shown that this new
technology to analyze QCD using
the holographic dual provides very
useful and powerful tools to analyze
the properties of hadrons and QCD,
such as spectrum and interactions
of hadrons, QCD phase structure,
properties of quark gluon plasma
realized at high temperature, and so

on. In particular, one of the advantages

of this approach is that it can be
applied to the systems with time
evolution and/or chemical potential,
for which other non-perturbative
methods like lattice QCD are not
useful enough. In fact, it has attracted

the attention of hadron physicists
as well as string theorists and there
have been fruitful interdisciplinary
collaborations between string
theorists and hadron physicists. One

of the successes of the workshop was
that we were able to gather together

experts of both fields around the
world, providing a good opportunity
to interact with each other. There
were many string theorists showing
results in hadron physics and hadron
theorists using holography and string
theory. It was impressive to see that
they were discussing and debating
together toward common goals
without a serious language barrier.

The topics discussed in the
workshop include, calculations of
hadron masses including the effects
of electro-magnetic interactions,

analysis in the Veneziano limit of
QCD, descriptions of heavy hadrons,

research on the systems with time
evolutions that are aimed toward

the application to the experiments of
heavy ion collisions in RHIC and LHC,
study of quark gluon plasma, various
phenomena in the presence of strong
electric and magnetic fields, phase
structure with finite temperature and
chemical potential, and so on. There
were 25 talks in 5 days, and a lot of
new interesting results on various
topics related to holography and QCD
were reported.

This workshop was supported by
the European Science Foundation
(Holograv network) and a Grant-in-Aid
for Scientific Research on Innovative
Areas 2303, MEXT, in addition to the
WPI research funds at Kavli IPMU.
Finally, I would like to thank Ms. Ujita
for the administrative support, which
was crucial to make this workshop
possible.
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Workshop Report

Symposium on Gravity and Light

Marcus Werner

Kavli IPMU Posdoctoral Fellew

An international workshop called
“Symposium on Gravity and Light”
was held at Kavli IPMU for four days,
September 30 to October 3, 2013.

Light is our main source of
information about the distant, early
universe — indeed, until gravitational
waves and extragalactic neutrinos can
be observed directly and routinely,
it is the only source. So in order to
study the origin and evolution of the
universe, it is fundamentally important
to understand light propagation in
spacetime under the influence of
gravity alone, even before taking
into account other astrophysical
effects such as absorption. Hence,
this workshop was dedicated to
gravitational optics in a broad sense.

Black hole spacetimes were a
major theme since the influence
of gravity on light is, of course,
seen most clearly when it is strong.
Starting with optical geometry and
the Gauss-Bonnet method (Marcus
Werner), we discussed stable photon
orbits, which are analogous to
“whispering galleries” (Gary Gibbons),
extreme trapping horizons of black
holes (Tetsuya Shiromizu), and the
properties and observability of black
hole shadows (Kei-ichi Maeda and
Volker Perlick).

Since the optical geometry of
rotating Kerr black holes has Randers-
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Finsler structure, more general
mathematical results on geodesics
(Erasmo Caponio and Ricardo

Gallego Torromé) and Killing vectors
(Takayoshi Otsuka) in Finsler geometry
were presented as well. Mathematical
aspects of gravitational lensing theory
were also considered, in particular
universal magnification invariants for
ADE singularities (Amir Aazami), and
magnification relations for perturbed
singular isothermal quadrupole lenses
(Zhe Chu).

Testing cosmology with
gravitational lensing was another
major theme and included a review
of the recent controversy about the
role of the cosmological constant in
light bending (Masumi Kasai), lenses

with negative convergence, which
may be used as effective models for
cosmic voids (Hideki Asada), as well
as tests of the homogeneity postulate
and observational prospects (Jean-
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Philippe Uzan). We also discussed the
underlying gravity theory, in particular
inflation (Misao Sasaki), and a new
geometrodynamical framework to
derive gravity actions, in which light
dispersion relations are fundamental
(Frederic Schuller).

Thus, in keeping with the
interdisciplinary spirit of Kavli IPMU,
our workshop brought together
astronomers, theoretical physicists
and mathematicians, which did in fact
result in rather lively and sometimes
controversial discussions.

Finally, | would like to thank the
other organizers of this workshop,
Amir Aazami, Frederic Schuller and
especially Shinji Mukohyama for
leading the conclusion session, and
also our staff members, in particular
Rie Ujita and Rie Kohama, for their
administrative support.




On the Passing of Fred Kavli,
Founder and Chairman of The
Kavli Foundation

On November 21, 2013, Fred Kavli,
Founder and Chairman of The Kavli
Foundation passed away at the age of
86.

In 2012, the IPMU joined the Kavli
family as the first Kavli Institute in
Japan and the 16th in the world,
and renamed as the Kavli IPMU,
following an endowment from The
Kavli Foundation. We wish to thank
Mr. Fred Kavli again for his generous
support and wish to express our
condolences.

We also refer to the Obituary on
pp. 28 — 29 in this issue of the Kavli
IPMU News, by Kavli IPMU Principal
Investigator Hirosi Ooguri.

Public Lecture by Fabiola Gianotti
“Higgs Boson and Our Life"

Dr. Fabiola Gianotti, former
spokesperson of the ATLAS
experiment that discovered the Higgs
boson at CERN, gave a public lecture
entitled “Higgs Boson and Our Life”
at the Hama-Rikyu Asahi Hall on
November 20, 2013. It was hosted by
the Kavli IPMU and co-hosted by the
Asahi Shimbun Company.

This public lecture received much
interest because of the announcement
of the 2013 Nobel Prize in Physics
to be awarded to theorists who

predicted the Higgs boson in the
preceding month, and the Hall was
filled to capacity. The lecture was also
broadcast live, with an audience of
nearly 1,000. Dr. Gianotti’s talk on the
experiment at CERN, the Higgs boson,
and the like, was interpreted by Kavli
IPMU Director Hitoshi Murayama in
Japanese at short intervals. In the
latter half of the lecture, Mariko
Takahashi, Senior Staff Writer of the
Asahi Shimbun Company, acted as
moderator. She asked Dr. Gianotti
frank questions, which highlighted
her personality, and along with
Murayama'’s nice interpretation,
pleased the audience very much.
Those who are further interested
in this topic, please read Director
Murayama'’s interview with Fabiola
Gianotti on pp. 12 — 19 in this issue of
the Kavli IPMU News.

il ) -'li
From left to right: Hitoshi Murayama, Fabiola
Gianotti, and Mariko Takahashi

Minister of State for S&T Policy
Ichita Yamamoto Visited Kavli IPMU

On November 20, 2013, Minister
of State for Science and Technology
Policy Ichita Yamamoto visited
the Kavli IPMU at the University
of Tokyo’s Kashiwa campus. Mr.
Yamamoto heard an overview from
Kavli IPMU Director Murayama and
other researchers about the SuMIRe
(Subaru Measurement of Images
and Redshifts) Project. This project
has been supported by the Funding
Program for World-Leading Innovative
R&D on Science and Technology
(FIRST) and led by Director Murayama
as the core researcher. Mr. Yamamoto
then heard progress reports from

SuMIRe collaborators at Princeton
University and NASA'’s Jet Propulsion
Laboratory via videoconference. Mr.
Yamamoto also observed activities
at the Kavli IPMU, such as Fabiola
Gianotti's seminar, which was held
on that day, laboratory work for an
experimental apparatus, and joining
tea time for researchers.

(Center) Mr. Yamamoto, Minister of State for S&T
Policy, having a pleasant chat with Kavki IPMU
foreign researchers at tea time

Kavli IPMU Director Murayama
Gave a Presentation at CSTP
Kavli IPMU Director Murayama
was invited to the 116th session
of the Council for Science and
Technology Policy (CSTP) held at the
Prime Minister’s official residence
on December 17,2013 to give a
presentation in the latter half of the
session where “The Trend of Science
& Technology” was discussed. In his
presentation, he explained the Kavli
IPMU’s research to look into the origin
and fate of the Universe.

Kavli IPMU Director Murayama, giving presentation
at CSTP

Chairperson (Prime Minister Abe) and Members of
the CSTP hearing Director Murayama'’s presentation
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Kavli IPMU and RIKEN’s iTHES
Signed Collaboration Agreement

On December 2013, Kavli IPMU
signed a collaboration agreement with
iTHES (Interdisciplinary Theoretical
Science team) of RIKEN (the Institute
of Physical and Chemical Research).
The signing ceremony was held at
RIKEN’s Wako campus. iTHES is a new
group launched in 2013 at RIKEN
with Chief Scientist Tetsuo Hatsuda
designated as Director, aiming at
interdisciplinary collaborations of
theoretical sciences in different fields
such as physics, material science,
and biology. This is the beginning of
collaboration between the Kavli IPMU
and iTHES for the development of
theoretical sciences. We note that Dr.
Hatsuda is also Visiting Senior Scientist
at Kavli IPMU since October 2010.

HRAMIEERENL

From left to right, Tetsuo Hatsuda, Maki Kawai
(Executive Director of RIKEN), Hitoshi Murayama,
and Shigeki Sugimoto (Kavli IPMU Professor)

Subaru’s FMOS Reveals the
Growth of Massive Galaxies in the
Early Universe

An international team of
astronomers participating in the
Cosmological Evolution Survey
(COSMOS), including Kavli IPMU
Assistant Professor John Silverman,
Professor at Nagoya University and
Kavli IPMU Principal Investigator
Naoshi Sugiyama, and a graduate
student at Nagoya University Daichi
Kashino, has found the birth of new
stars at remarkable rates in galaxies
over nine billion years ago, using
the Fiber-Multi-Object Spectrograph
(FMOS) mounted on the Subaru
Telescope. Also, it has been confirmed
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that the gases surrounding massive
galaxies were relatively dusty and
enriched by heavier elements. This
means that even at these early times,
massive galaxies showed signs of
maturation. These results provide us
with a clue to address an important
question, “What was the Universe like
when it was young.”

Part of the results from this research
has been published on November 1,
2013 in Astrophysical Journal Letters
777 (2013) L8.

Julius Wess Award Goes to
Takaaki Kajita

Takaaki Kajita,
Director of the Institute
for Cosmic Ray
Research, the University
of Tokyo, and Principal
Investigator at the .
Kavli IPMU received the 2013 Jujius
Wess Award.

The Julius Wess award was created
in 2008 to commemorate the
outstanding work of Professor Julius
Wess in theoretical physics, and it
is granted to elementary particle or
astroparticle physicists for outstanding
achievements by the Karlsruhe
Institute of Technology (KIT). Professor
Kajita received this award for his
“significant role in the discovery of
atmospheric neutrino oscillations with
the Super-Kamiokande Experiment.”
The award ceremony took place
on December 19, 2013 at the KIT
Elementary Particle and Astroparticle
Physics Center (KCETA).

2013 President’s Award for
Operational Improvement to Kavli
IPMU Working Group
A working group made up of
twelve Kavli IPMU Administrative
Division staff members has received
the 2013 President’s Award for
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Operational Improvement. (The group
has actually received the highest
award with ¥1M support for overseas
study tour as a supplementary

prize.) The award has been given in
recognition of the group’s creation of
a safety training video in English and
construction of an online system to
test for the training contents, which
resulted in comprehensive safety
training for newly arriving foreign
researchers with no exception and no
delay and reduction of administrative
burden for such training, and which
are expected to be adopted university-
wide and thus to contribute for
further developing globalization of
the University of Tokyo. The award
was presented by President of the
University of Tokyo Junichi Hamada
at an awards ceremony held on
December 19, 2013 at the Ito Hall

on the University of Tokyo's Hongo
campus. Representing the working
group, Rieko Tamura received a
testimonial.

Working group of the Kavli IPMU Administrative
Division receiving a testimonial from President
Hamada

2013 Open House at UT Kashiwa
Campus

An open house on the Kashiwa
campus of the University of Tokyo
was held on Friday, October 25, 2013.
Though a two-day open house was
planned as usual, the second day was
cancelled because of an approaching
typhoon. Even so, the Kavli IPMU’s
attractive program was very popular.
Director Murayama presented “Ask
a Scientist Live! Special,” where a



mascot character of Chiba Prefecture,
Chiba-kun, had a surprise appearance.
Also, Kavli IPMU Professor Shigeki
Sugimoto presented another “Ask

a Scientist Live!” In addition, Digital
Space Theater program, Japanese
Kyogen performance by Kavli IPMU
foreign researchers, guided building
tours, and an experiential program of
making a spectrograph by hand were
presented.

Unable to speak, Chiba-kun made questions to
Director Murayama by showing questionnaire
posters.

WPI Centers Jointly Participated
in SCIENCE AGORA 2013, and
Received a SCIENCE AGORA Award

Science Agora 2013 was held on
November 9 and 10 at the National
Museum of Emerging Science and
Innovation (Miraikan) in the Tokyo
waterfront region of Odaiba, and
all the nine WPI (World Premier
International Research Center
Initiative) centers participated jointly.
Science Agora is an event hosted by
the Cabinet Office, Government of
Japan and other bodies, aiming at
deepening interests in science and
technology of the public, especially of
the young generations, and consisting
of presentations and exhibitions about
the forefront researches and their
outcomes. During the two-day event,
more than 6,000 people visited. At
the “WPI Science Live!” booth where
all the WPI centers presented their
scientific activities in rotation, the Kavli
IPMU presented a lecture by Associate
Director Nobuhiko Katayama and
a talk session by two Assistant
Professors in mathematics, Satoshi

Kondo and Tomoyuki Abe. This “WPI
Science Live!” booth presentation was
selected as one of 11 programs that
received the Science Agora Award.
The award ceremony was held on
December 26 at Miraikan.

Kavli IPMU Associate Director Nobuhiko Katayama
giving a lecture on the cosmology forefront and
accelerator experiments

] P

Kavli IPMU Assistant Professors Kondo (right) and
Abe (left) explaining mathematics researches, using
a blackboard

“The 9th Workshop to Aim at
Spreading Astronomy” Held at
Kavli IPMU

“The 9th Workshop to Aim at
Spreading Astronomy” was held at the
Kavli IPMU lecture hall for three days,
November 17 - 19, 2013, co-hosted
by the Kavli IPMU and the Astronomy
Data Center of the NAOJ (National
Astronomical Observatory of Japan).
This Workshop has been annually held
by NAOJ and others for those who
are involved in spreading astronomy
at science museums, planetariums,
and educational institutions. This
time, three-day intensive course was
given to them aiming at conveying
the latest knowledge of cosmology
research to many people through
them. The following researchers from
the Kavli IPMU contributed to the
Workshop. Professor Masahiro Takada
served as a coordinator and also

gave a lecture. In addition, lectures
were given by Principal Investigators
Naoshi Sugiyama (also Professor at
Nagoya University) and Mihoko Nojiri
(also Professor at KEK), Associate
Professor Shinji Mukohyama, affiliate
members Eiichiro Komatsu (Director
at the Max Planck Institute), Naoki
Yoshida (Professor at the University of
Tokyo), and Keiichi Maeda (Associate
Professor at Kyoto University).
Participants expressed comments such
as "l wish to create a planetarium
program that will convey the contents
of the lectures,” and “l want to talk
to students about how the Universe is
attractive.”

A scene of the Workshop

The Ninth Joint Kavli IPMU-ICRR
Public Lecture

On December 1, 2013, the Ninth
Kavli IPMU-ICRR (Institute for Cosmic
Ray Research) joint public lecture
entitled, “Decoding the Universe,”
was held at the Koshiba Hall on
the University of Tokyo’s Hongo
campus. The first lecture was given
by Masahiro Ibe, an ICRR Associate
Professor as well as a Kavli IPMU
Scientist, on “The Standard Model of
Elementary Particles and the Higgs
Boson,” and the second lecture by
Ken’ichi Nomoto, Principal Investigator
at the Kavli IPMU, on “Evolution of
the Universe Probed by Means of
Supernovae.” After the lectures, there
was a science-café style discussion
time. The lecturers nicely responded
to the questions from many people
surrounding them.
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Ken'ichi Nomoto explaining the supernova explosion

The Third WPI Joint Symposium
Held in Sendai

On December 14, 2013, the Third
Joint Symposium of the WPI (World
Premier International Research Center
Initiative) centers entitled, “Science
Talk Live!” was held at the Sendai
International Center with participation
of all the nine WPI centers. About 600
high-school students were invited
from Miyagi Prefecture as well as
various places in the Tohoku region.
As this Joint Symposium was the
first one held after the number of
WPI centers had increased to nine,
lectures were given by researchers
at Tohoku University's AIMR (The
Advanced Institute for Materials
Research) and Directors of three new
WPI centers launched in 2012, and,
in addition, all the nine WPI centers
respectively ran a booth. At the Kavli
IPMU booth, Director Murayama'’s
video presentation about the Higgs
Boson was shown and also it was
demonstrated how spectroscopic
observations are useful in astronomy
by observing an actual light source
with a small hand-made model of

spectroscope. This way, we conveyed
s ————

High-school students gathering at the Kavli IPMU
booth
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to many high-school students how the
Kavli IPMU’s research of the Universe
is attractive.

Science Camp for High School
Students “Open the Door to the
Universe”

A winter science camp for high
school students, “Open the Door to
the Universe” was held at the Kavli
IPMU for three days, December 25
- 27,2013, and twenty students
selected among applicants from all
over Japan took part. The science
camp is one of the projects supported
by JST (Japan S&T Agency), providing
hands-on experience to high school
students. JST selects programs for
subsidization from applications, and
three-day camps on approved topics
are held at universities or research
institutes, which include discussions
with frontier scientists and among the
participating high school students.
This was the third science camp held
at the Kavli IPMU. The participating
high school students heard lectures
from Kavli IPMU Professor Shigeki
Sugimoto and other researchers on
forefront topics in theoretical physics
and mathematics, and, in addition,
experimental physics. They also
attended Kavli IPMU researchers’
teatime at 3 p.m., where they actively
asked questions of foreign researchers
in English. A closing ceremony was
held on the last day, with Kavli
IPMU Director Murayama and other
researchers in attendance.

Students, lecturers, and Kavli IPMU staff
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Kavli IPMU Seminars

1. “Noncommutative Deformations of
curves and spherical twists”
Speaker: Michael Wemyss (U
Edinburgh)

Date: Sep 30, 2013

2. "Holographic Quantum Effective
Actions”

Speaker: Francesco Nitti (APC,
Paris 7)
Date: Oct 01,2013

3. “Large Scale Structure — Cosmic
Flows”

Speaker: Marc Davis (Berkeley)
Date: Oct 02, 2013

4. “Introductory course on functional
renormalization group I”

Speaker: Roberto Percacci (SISSA)
Date: Oct 04, 2013

5. “Science with CMB spectral
distortions: a new window to the
early Universe”

Speaker: Jens Chluba (Johns
Hopkins U)
Date: Oct 04, 2013

6. “Photons from a QCD phase
transition in neutron star mergers”
Speaker: Lance Labun (LeCosPa)
Date: Oct 04, 2013

7. “Theories of Natural
Supersymmetry”

Speaker: Nathaniel Craig (Rutgers U)
Date: Oct 07, 2013

8. "Tilting theory on Geigle-Lenzing
weighted projective spaces”
Speaker: Osamu lyama (Nagoya U)
Date: Oct 07,2013

9. “Vector Beta Function”

Speaker: Yu Nakayama (IPMU/

Caltech)

Date: Oct 08, 2013
10.“Introductory course on functional

renormalization group II”

Speaker: Roberto Percacci (SISSA)

Date: Oct 09, 2013

11."An implication of 126 GeV Higgs
boson for Planck scale physics —



naturalness and the stability of the
vacuum ="
Speaker: Satoshi Iso (KEK)
Date: Oct 09, 2013

12.“Introductory course on functional
renormalization group Ill”
Speaker: Roberto Percacci (SISSA)
Date: Oct 10, 2013

13."“Gravitational Lensing of the
CMB: Mass Maps, Power Spectra,
and B-modes with the South Pole
Telescope”
Speaker: Gil Holder (McGill U)
Date: Oct 10, 2013

14."“Index Theory in Algebraic
K-Theory and Algebraic Geometry”
Speaker: Jesse Wolfson
(Northwestern U)
Date: Oct 10,2013

15. “Asymptotic safety: motivations
and results”
Speaker: Roberto Percacci (SISSA)
Date: Oct 11,2013

16.“CDMSlite: A Search for Light
WIMPs”
Speaker: Ritoban Thakur (U of
lllinois Urbana Champaign )
Date: Oct 11, 2013

17.“Correlation Functions in N=4 SYM
from Integrability”
Speaker: Yunfeng lJiang (Saclay)
Date: Oct 15,2013

18.“How we can learn and use
languages freely? —study of
human faculty of languages and
mathematics—"
Speaker: Gyo Takeda (Tohoku U)
Date: Oct 16, 2013

19. "Signatures of a companion star in
type la supernovae”
Speaker: Keiichi Maeda (Kyoto U)
Date: Oct 17,2013

20.“Heavy modes and the oscillatory
features in the curvature power
spectrum”
Speaker: Xian Gao (Titech)
Date: Oct 18,2013

21."Lecture 1: Progress Towards

the Core-Collapse Supernova
Mechanism”
Speaker: Adam Burrows (Princeton U)
Date: Oct 22,2013

22.“Lecture 2: Core-Collapse
Supernovae and Diagnostics: Some
Observables and Diagnostics”
Speaker: Adam Burrows (Princeton U)
Date: Oct 22,2013

23."Spectra and Photometry: Windows
into Exoplanet Atmospheres”
Speaker: Adam Burrows (Princeton U)
Date: Oct 23,2013

24."Lecture 3: Brown Dwarfs: 20 Years
Later”
Speaker: Adam Burrows (Princeton U)
Date: Oct 24, 2013

25.“Galaxy Clusters from Inside to
Out: Thermal Instability and Non-
thermal Pressure Support”
Speaker: lan Parrish (CITA)
Date: Oct 24, 2013

26."Stable homotopy type of Seiberg-
Witten monopole Floer homology”
Speaker: Tirasan Khandhawit (Kavli
IPMU)
Date: Oct 24, 2013

27."Orbifold Quasimap Theory”
Speaker: Bumsig Kim (KIAS)
Date: Oct 28, 2013

28.“Instanton Effects in ABJM Theory”
Speaker: Sanefumi Moriyama (KM,
Nagoya U)

Date: Oct 29, 2013
29."Equiangular Lines in Real Euclidean
Spaces and Seidel Matrices with

Three Distinct Eigenvalues”
Speaker: Ferenc Szollosi (Tohoku U)
Date: Oct 29, 2013
30. “Derivative interactions in dRGT
massive gravity”
Speaker: Rampei Kimura (RESCEU)
Date: Oct 29, 2013
31."Gamma-ray bursts as the sources
of the ultra-high energy cosmic
rays?"
Speaker: Walter Winter (U
Wuerburg)

Date: Oct 30,2013

32."Why do super-massive black holes
accrete?”
Speaker: Knud Jahnke (MPIA)
Date: Oct 30,2013

33."MSSM Neutralino signature”
Speaker: Yue-Lin Sming Tsai (Kavli
IPMU)
Date: Nov 01, 2013

34.“Minicourse on the Madsen-Weiss
Theorem [Part 1]
Speaker: Charles Siegel (Kavli IPMU)
Date: Nov 05, 2013

35."A physical introduction to
conformal blocks”
Speaker: Jonathan Maltz (Kavli IPMU)
Date: Nov 05, 2013

36. “Evolution of electron capture
supernova progenitors: new
models, improved nuclear physics
and hydrodynamic mixing
uncertainties”
Speaker: Samuel Jones (Keele U)
Date: Nov 05, 2013

37.“Minicourse on the Madsen-Weiss
Theorem [Part 2]"
Speaker: Charles Siegel (Kavli IPMU)
Date: Nov 06, 2013

Personnel Changes

Moving Out

Kavli IPMU Postdoctoral Fellow Yi
Wang moved to Cambridge University
as a Postdoctoral Fellow. He was at
the Kavli IPMU from September 1,
2012 to October 31, 2013.

Simon Wood moved to the
Australian National University as a
Postdoctoral Fellow. He stayed at the
IPMU as a Swiss National Science
Foundation Postdoctoral Fellow from
December 1, 2010 to November
30,2011, and then he stayed at the
Kavli IPMU supported by the JSPS News
Postdoctoral Fellowship Program for
Foreign Researchers from November
30,2011 to November 29, 2013.

27



Obituary

Obituary: Fred Kavli (1927 — 2013)

Hirosi Ooguri

Kavli IPMU Principal Investigator

On November 21, 2013, we received the sad news
that Fred Kavli, Founder and Chairman of The Kavli
Foundation, had passed away at the age of 86. He
was an extraordinary man, and with his passing we
feel the loss of one of the strongest advocates of
basic science.

Fred Kavli was born on August 20, 1927 and
grew up on a family farm in the Norwegian
village of Eresfjord. After studying physics at the
Norwegian Institute of Technology (now known as
the Norwegian University of Science and Technology
in Trondheim), he moved to the United States and
founded the Kavlico Corporation, which became
one of the world’s largest suppliers of sensors for
aeronautic, automotive, and industrial applications.
Its products have been used in such landmark
projects as the Lockheed SR-71 “Blackbird” (Mach
3+ strategic reconnaissance aircraft) and the Space
Shuttle.

In 2000, Fred Kavli divested his interest in the
company and established The Kavli Foundation to
advance science for the benefit of humanity, to
promote public understanding of scientific research,
and to support scientists and their work. The Kavli
Foundation currently supports seventeen Kavli
Institutes of Science, seven university endowed
chairs, and many other programs such as symposia,

Credit: Dan Dry; Photo Courtesy of The Kavli Foundation

workshops, and science outreach. In 2008, The Kavli
Foundation launched the Kavli Prizes in partnership
with the Norwegian Academy of Science and
Letters and the Norwegian Ministry of Education
and Research to recognize scientists for their
seminal advances in astrophysics, nanoscience, and
neuroscience.

Fred Kavli was a Fellow of the American Academy
of Arts and Sciences, a member of the Norwegian
Academy of Technological Sciences, and a member
of the U.S. President’s Council of Advisors on Science
and Technology. He received many honors including
the Royal Norwegian Order of Merit for Outstanding
Service and honorary doctorates from the Norwegian
University of Science and Technology, Northwestern
University, and the University of Oslo. In 2011, he
received the Bower Award for Business Leadership
from the Franklin Institute, one of the oldest science
education centers in the United States, and the
Carnegie Medal of Philanthropy.

I am honored to be part of the vision of Fred Kavli,
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as the inaugural Fred Kavli Professor of Theoretical
Physics and Mathematics at the California Institute
of Technology and a Principal Investigator of the
Kavli Institute for the Physics and Mathematics of the
Universe (Kavli IPMU) at the University of Tokyo. His
enthusiasm for basic science was infectious. | vividly
remember his passionate speech at the 2012 Kavli
Prize ceremony in Oslo describing his interest in the
latest advances in astrophysics, nanoscience, and
neuroscience, and his speaking elogquently on the joy
of life enhanced by the scientific understanding of
nature.

In 2012, the IPMU joined the Kavli family of
institutes and changed its name to the Kavli IPMU.
This was the first time for a national university in
Japan to receive a donation from a foundation
abroad to create an endowment to support research.
The perpetual funding from the endowment provides
a secure foundation for the Kavli IPMU and ensures
that the institute will remain at the forefront of its
field in the future.

Let me quote from a remark by Fred Kavli at the
Kavli IPMU Naming Ceremony, which took place
on May 10, 2012 at the Kavli IPMU building on the
Kashiwa campus of the University of Tokyo:

“| grew up on the other side of the planet earth

in a green valley in Western Norway, flanked by tall
mountains — where | would experience the power
and beauty of nature as thunder and lightning would
shake the valley from mountainside to mountainside.
And at times the whole sky was aflame with the
northern lights shifting and dancing across the
sky, down to the white clad mountaintops. In the
stillness and loneliness of the white mountains, |
would so clearly see the Milky Way and the stars and
the immenseness of the universe — so big beyond
imagination. | pondered the universe, the planet,
nature and the wonders of man. I'm still pondering.”

“It has been a long road from the while
mountaintops of Norway. After studying physics
at the Norwegian Technical University, | came to
America and settled down in southern California
where | had a long journey through the business
world. My interests are now back full circle to where
| started — to the Universe — from the smallest
building blocks to the vastness and incredible
wonders of space and to the emerging master of
nature, the human brain.”

“We support science worldwide through our
philanthropic effort. Philanthropy is a great tradition
in the United States of giving back to society and |
am very pleased to be able to share our philanthropic
tradition with Japan — a great friend of America. It
is a privilege to partner with IPMU in our quest to
support excellence in science through cooperation
across national borders worldwide.”

Rockell Hankin, Vice Chairman of the Board of The
Kavli Foundation, and Robert Conn, the President of
The Kavli Foundation, wrote to us:

“Fred always looked to the future, which is why he
had a special appreciation for the critical importance
of the scientific enterprise. He understood that basic
research rarely brings immediate rewards, but he
also understood that future generations would come
to depend on the discoveries of science to create a
better world.”

“Fred always believed his greatest legacy would
be the scientific accomplishments of the community
of scientists working at Kavli Institutes and at great
institutions to make the world a better place for us
all. This is what always brought him the greatest joy.”

As we pause to reflect on the meaning that Fred
Kavli gave to our lives, we find ourselves enriched by
his commitment and dedication to the advancement

Obituary
of science. We will endeavor to honor his legacy.
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The Einstein Equation

Jun'ichi Yokoyama

Professor, Research Center for the Early Universe, the University of Tokyo
and Kavli IPMU Senior Scientist

Newton, who established the theory of classical mechanics, considered the space simply
as an unchangeable container of massive bodies. According to the Einstein equation
discovered in 1915, however, the status of spacetime is characterized by materials

and energy existent there—more properly speaking, the state of spacetime and the
condition of matter and energy there, are mutually related by the Einstein equation in an
inseparable manner. Once upon a time, it was said that “there are only three people who
fully understand the Einstein theory.” (Although it was not identified who they were.)
Nowadays, a number of researchers enjoy the benefit of the equation.
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Director’s Corner
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