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Masashi Hazumi is a Professor at the Institute of Particle and Nuclear Studies (IPNS)

of the High Energy Accelerator Research Organization (KEK). He is also a Kavli IPMU
Professor. In 1993, he graduated from the University of Tokyo’s Graduate School of
Science and received his Ph.D. in Science. In the same year, he was awarded JSPS (Japan
Society for the Promotion of Science) Research Fellowship for Young Scientists (PD). In
1994, he was appointed as an Assistant Professor at Osaka University. In 2001, he moved
to KEK as an Associate Professor. Since 2007, he has been a Professor at KEK. Since

May 2014, he has also been a Kavli IPMU Professor. He studied CP violation in the Belle
experiment at the KEKB collider. Since 2007, he has been engaging in CMB observations
to test inflationary universe theories. He received the 4th (FY 2007) JSPS Prize.
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Director of Kavli IPMU

Hitoshi Murayama at Work Hitoshi Murayama
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October 22: (Left) Giving a public lecture titled, “Ripples of Space-Time: New Eyes to Space Opened by Gravitational Waves,” at the Kavli IPMU lecture hall at Open
Campus Kashiwa 2016. (Right) After the lecture, many people stood in a line to ask questions to Director Murayama (see p. 25).

Director’s
Corner

November 11: Minister of State for Special Missions Yosuke Tsuruho (Minister of State for Science and Technology Policy / Minister of State for Space Policy ) visited
Kavli IPMU (see p. 24).

November 19: Talking with undergraduate and graduate women students at December 17: Surrounded by young students, Director Murayama answers their

the event to support their thinking of physics careers, “I Actually Really Love questions, at the WPI 10th Anniversary Symposium “Towards the future of science
Physics: Careers for Girls in Physics” (see p. 25). in Japan” (see p. 26). Photo: Courtesy of IFReC.
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Masashi Hazumi

Professor, Institute of Particle and Nuclear Studies (IPNS),
High Energy Accelerator Research Organization (KEK), and Kavli IPMU

Research Area: Experimental Physics

Can We Observe the Universe before the

Big Bang?™"'

Introduction

What did the exact moment of the birth of our
universe look like? What are the fundamental
laws of physics that governed the very beginning?
Answering these questions is one of the grand
challenges of science. It is also a research topic that
invokes the sense of wonder even beyond science.
When you pursue it, you might even encounter
a problem like “how to originate existence from
nothing.”

How far can we go back in history and observe
the primordial universe? It is often said that our
universe at the beginning was in a hot dense
state like a fireball, and the Big Bang, which is
the expansion of the universe, occurred. Logically
speaking, there is no state before the Big Bang if
you define it as the true beginning of the universe.
If, however, you define the Big Bang just as a state
of the universe that is described by physical laws,
you might admit that there should be a preparation
period for the Big Bang.

Indeed, thanks to development of technology
for observation, humankind is now about to start
observing the universe before the hot fireball
state, or before the Big Bang. Among several
ways of observation that have been proposed, the
most promising method is to observe the cosmic
microwave background (CMB) polarization, about
which there is a worldwide competition today.

*! This article is revised from the following article written in Japanese: JAXA

ISAS News 2016 Sep. (No.426) The Frontier of Space Science “Exploring the
universe before the Big Bang with LiteBIRD.”

The Cosmic Microwave Background
(CMB) and the Big Bang Cosmology

The CMB is the oldest radiation in the
universe, which is coming from the entire sky
nearly isotropically with the central frequency of
approximately 160 GHz (or equal to the wavelength
of about 2 mm). The CMB was discovered in 1964
(publication was in 1965) by Arno A. Penzias and
Robert W. Wilson, who received the Nobel Prize in
Physics in 1978.

The universe continued its expansion after the
Big Bang, and was cooled down as a result. About
380 thousand years after the Big Bang, the Universe
went through a huge transition in which electrons
and protons, which were apart from each other
by that time, bound together quickly to form
hydrogen atoms. Photons (or radiation), which were
frequently interacting with free electrons, started
traveling the space freely as they encountered no
charged particles anymore. This transition is called
recombination (“Hare-agari” in Japanese, which
means “(the sky) clearing up”), and the CMB is
indeed radiation from the recombination. The
temperature of CMB at the time of recombination
was 3000 K (hereafter we use the absolute
temperature unit, K, for Kelvin). On the other hand,
we know that the temperature of the CMB now
is about 2.7 K. The reason why the temperature is
lower now is that the wavelength of CMB becomes
longer due to the expansion of space itself, and
the radiation with the longer wavelength means
lower temperature. Since there is no other plausible

4 Kavli IPMU News No.36 December 2016
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Fig. 1 Power spectrum of the CMB temperature fluctuation measured by the Planck satellite. The
horizontal axis shows the wave number that corresponds to the fineness of the fluctuation
pattern, while the vertical axis is the power of the fluctuation. The solid line is the result
of the fit with the standard model of cosmology. The bottom panel shows the difference

between the data and the fit result.

explanation for the existence of CMB, the discovery
of CMB is regarded as key evidence of the Big Bang.
In 1989, NASA’s COBE satellite started observation
in orbit around the Earth. It was the beginning of
the era of CMB precision measurements. The 2006
Nobel Prize in Physics was awarded to John C.
Mather and George F. Smoot for their contributions
to the measurements with COBE. In 2001, NASA’s
WMAP satellite, which was designed to measure the
CMB with much better angular resolution, started
observation at one of the Sun-Earth Lagrange points
(L2).*” In 2009, the Planck satellite, with even better
angular resolution and sensitivity than WMAP, was
launched by the European Space Agency (ESA).

*? See page 28.

Observations by these satellites have revealed the
surprising facts of the universe with great precision,
such as that the age of the universe is about 13.8
billion years, and that our universe is mostly filled by
dark energy, which is not understood well.

Figure 1 shows a result from the observation by
the Planck satellite announced in 2015. The solid
line is the theoretical prediction, and the points with
error bars are data. The figure is an example of the
so-called spectral analysis, which uses precision data
by Planck on the CMB temperature over the whole
sky as the input, and shows how much unevenness
(expressed as “fluctuation”) is seen in a quantitative
manner. The horizontal axis corresponds to the
fineness of the scale of the fluctuation, while the
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vertical axis shows the magnitude of the fluctuation.
One thing is surely seen from the figure even if you
do not understand it, i.e., the theoretical prediction
agrees quite well with data. This is a typical example
of precision cosmology. The remarkable agreement
is astonishing; humankind is able to uncover with
precision what happened in more than 10 billion
years ago!

The radiation consists of three entities,
wavelength (color), intensity (brightness) and
polarization (direction of oscillation). The frontier
of CMB research after the observation by Planck is
shifting to CMB polarization, which is not yet fully
investigated. The primary motivation is that the CMB
polarization, if observed with sufficient precision,
will allow us to access the universe before the hot
Big Bang. Humankind does not yet know what
that looks like. We, however, know from all the
cosmological observations done so far that the most
promising idea is the cosmic inflation hypothesis.

Cosmic Inflation Hypothesis

The cosmic inflation hypothesis was proposed
in the early 1980s. Its basic idea is very simple; it
states that the universe went through an enormous
accelerating expansion before it became a hot
dense state, or a fireball. Since it resolves several
problems of the naive Big Bang cosmology™” with
one assumption only, it is regarded as the most
promising hypothesis today. All the cosmological
observations so far also indirectly support the
hypothesis.

Given the explanation above, you might think that
it is good enough to say that the cosmic inflation is
the right answer. It is actually not that simple. The
cosmic inflation contradicts the standard model of
particle physics (the SM hereafter) we have today.
The SM is a collection of most fundamental laws
of physics. The universe follows the laws of physics
with no exception. The problem is that the SM does
*3 See, for example, David Spergel “How Did the Universe Begin?" Kavii IPMU

News Vol. 10 (Jun 2010), to see what problems can be solved by the cosmic
inflation hypothesis.

not allow accelerating expansion of the universe;
only deceleration is allowed. As long as we follow
the SM, the universe should be like a car with
brakes only; there is no accelerator you could press
on.

Then you might ask if the cosmic inflation
hypothesis should be ruled out because of the SM.
The answer is NO! Here is an interesting point. The
research of physics is like pinning down the rules
of chess just by watching games; it should be very
hard to accomplish it if you do not know any of the
rules of chess. We do know that the SM today is
incomplete. Many physicists including myself think
that the ultimate laws of physics, which we do not
yet know today, are written in “the rulebook of
the universe,” which should be able to create the
inflationary universe and derive the SM at the same
time. We already have a few attractive proposals
for the ultimate laws of physics, which await
experimental/observational tests. A representative
example is superstring theory, which boldly predicts
that the world consists of higher dimensions than
the well-known 4 dimensions (3 for space and 1
for time), and the most elementary objects are not
particles but strings.

Observation of Primordial Gravitational
Waves (PGWs) through CMB Polarization

What observations will lead to a decisive test
of the cosmic inflation hypothesis? Our answer is
“primordial gravitational waves (PGWs).” **

Generation of PGWs is the most important
prediction of the cosmic inflation hypothesis. The
gravitational wave is a phenomenon that the space-
time distortion propagates as wave. The accelerating
expansion of the cosmic inflation generates
gravitational waves. To distinguish from ordinary
gravitational waves due to motion of astronomical
objects, the inflationary gravitational waves are
often called “primordial” gravitational waves. As we
cannot decisively prove the cosmic inflation without

** See, for example, Katsuhiko Sato “Cosmic Inflation and Primordial Gravitational
Waves,” Kavli IPMU News Vol.26 (Jun 2014) p. 72.

6 Kavli IPMU News No.36 December 2016



102_ —_—y - — — ——
: DASI QUIET-Q —v— .+ v
i CBI —v—  QUET-W —v— Y W d
1[ .  MAXiPOL BICEP1-8yr —w— vy .V
10" F BOOMERanG —v— ACTPol — o S odin el AT
CAPMAP —w— BK14 —e— _'—4"77"_'_ v'vw
WMAP-9yr SPTpol —e— S AL &
QUaD —¥— POLARBEAR —o— F "‘V‘v,’

I(1+1)C,2B/(27) (uK?)

1 i

100 1000

Multipole Moment, ell

Fig. 2 The current status of CMB B mode measurements. The definitions of the horizontal and
vertical axes are the same as those in Fig. 2. Circles (triangles) show the central values (upper
limits). The dashed line is a theoretical prediction of the B mode signal due to the PGWs,
which has not been confirmed by observation. An apparent B mode seen as the dot-dashed
line is due to gravitational lensing of the CMB radiation, which has already been observed.
The solid line shows the total from these two contributions. (Figure: courtesy of Dr. Yu;ji

Chinone of Kavli IPMU and UC Berkeley)

detecting the PGWs, it is of crucial importance to
observe them.

Let us explain the principle of the detection of
PGWSs with CMB polarization. It is predicted that
PGWs, after generated during cosmic inflation, filled
in the universe at the time of recombination and
imprinted special curl pattern called “the B mode”
in the distribution of CMB polarization on the sky
(often called “the map”). Detection of the B mode in
the polarization map is “smoking-gun” evidence for
cosmic inflation. You might think that the method is
analogous to detection of fingerprints.

Nowadays, there is a world competition on the
CMB polarization measurements for discovery of

the PGWs. It looks like “the warlord era of CMB.”
There are several ground-based telescopes and
balloon-borne instruments that are observing CMB
polarization, or are in preparation. In Japan also,
researchers at KEK and Kavli IPMU participate in an
international collaboration and are observing CMB
with a telescope in Atacama, Chile. If you want to
know more about this ground-based project, named
POLARBEAR, | suggest you read, for example, my
book entitled “The Cosmic Microwave Background
—in search for the signal from the universe before
the Big Bang” (SHUEISHA paperback).

Figure 2 summarizes all the major results of the
hunts for PGWs. As in Figure 1, which shows the
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outcome of the spectral analysis of the temperature
fluctuation, Figure 2 shows the results of the
spectral analyses of the B-mode fluctuation. There
are a lot of data (circles for central values and
triangles for upper limits), but the point is that none
of the results have indicated the signal of PGWs,
which should appear as the dashed line from the
prediction of the cosmic inflation hypothesis. To
discover PGWs, one needs to carry out observations
that are more sensitive than the results today at
least by an order of magnitude. At the POLARBEAR
project, for example, we plan to deploy three
telescopes in total for higher sensitivities from the
ground, which is called the Simons Array project.

To perform a decisive and ultimate measurement,
one needs to cover the whole sky without
contamination due to atmosphere. This means we
need a dedicated satellite. In Japan, by reading the
trends correctly, the CMB group at KEK started
conceptual studies for a relatively small satellite
already in 2008. This was the beginning of the
LiteBIRD working group.

LiteBIRD Satellite

The LiteBIRD satellite was proposed to ISAS,
JAXA in February 2015, and passed the initial
down-selection. There have been more than 130
researchers who joined the working group for the
conceptual design from KEK, Kavli IPMU, JAXA,
Okayama Univ., National Astronomical Observatory
of Japan, UC Berkeley, Max-Planck Institute
for Astrophysics, etc. The group includes CMB

experimenters, and X-ray and infrared astrophysicists.

Figure 3 shows an overview of LiteBIRD. It is the
ultimate instrument for measurements of B-mode
fluctuation as faint as a nano-Kelvin. Let me add
more explanations for those who love instruments;
from the sky side toward the detector system,
the satellite consists of 1) a rotating half-wave
plate system that modulates CMB polarization to
reduce systematic bias due to imperfection of the
instrument, 2) a reflective cryogenic telescope at

around 4 K, which consists of a primary mirror of
about 80 cm in diameter and a secondary mirror,
and a supplemental small refractive telescope
dedicated to high-frequency measurements, 3)
arrays of superconducting detectors with the base
temperature of 100 mK, 4) readout system, 5)
Joule-Thomson coolers and Stirling coolers, and 6)
adiabatic demagnetization refrigerators. As WMAP
and Planck did, we plan to send LiteBIRD to one
of the Sun-Earth Lagrange points, L2, which is
about a million miles away from the earth. With
a scan strategy that looks like a spinning top with
precession, we are able to survey the entire sky with
great uniformity. Our superconducting detector
arrays will observe the sky with 15 frequency bands
between 40 GHz and 400 GHz. The general strategy
of LiteBIRD is to have sufficient feasibility by using
the detector technology that has been used in
ground-based observations as proof-of-principle,
and the cryogenic system as well as components for
the satellite bus system that have high technology
readiness levels based on past satellite missions.
Kavli IPMU plays a central role in moving ahead on
the conceptual development of LiteBIRD. You might
tend to think that Kavli IPMU is just for theoretical
physics, mathematics, computer-based research
and so on. We do have experimental facilities on
the 1st floor of our IPMU building at Kashiwa
campus, where we are doing R&D on instruments
for LiteBIRD. Professor Matsumura, who is a world
expert of the rotating half-wave plate system, is
leading development and Dr. Sakurai is working on
various measurements in the lab. Professor Sugai
is investigating materials for reflective mirrors and
plans for the test and verification of the optics.
Professor Katayama is instrumental in introducing
new instruments in our laboratory, and promoting
collaborations with other research groups of the
University of Tokyo. Of course studies with computer
simulations are quite active. The current focus is on
the method of separating foreground radiations
from CMB. Dr. Eiichiro Komatsu, the director of
Max-Planck Institute for Astrophysics and a new

8 Kavli IPMU News No.36 December 2016
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Fig. 3 Overview of the LiteBIRD satellite.

Pl of Kavli IPMU, is conducting research on this
important problem. At Kavli IPMU, there are several
more researchers and visiting graduate students
who are involved in R&D on LiteBIRD.

Conclusion

While two Nobel Prizes have already been
awarded on the observations of cosmic microwave
background, it is often said that beyond them the
discovery of primordial gravitational waves will be a
huge achievement. After all, it is the signal from the
universe before the Big Bang! Observations from
space by a satellite will play a key role in testing the

Array of
multi-chroic
supercondcting
detectors
(~2500 ch.)

at 100 mk

@ Stirling coolers

@ Joule-thomson coolers

@ Adiabatic demagnetization
refegertors (heritages from X-ray
astronomy)

proposals for the ultimate laws of physics, such as
superstring theory. It is true that it is a challenging
experimental project. The members of LiteBIRD are
working hard to improve the design as much as
possible to pursue “the beginning of everything,”
which invokes a great sense of wonder. Stay tuned!
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Our Team

Tomotake Matsumura

Kavli IPMU Associate Professor

| have been pursuing the research on the physics of

early universe using the measurement of the cosmic

microwave background (CMB) polarization. Currently,

the measurement of the CMB polarization is known
as a powerful tool to test inflationary models. While

working on a CMB experiment is fascinating in terms

of the scientific goal itself it is also exciting in terms
of the nature of the experiment. A CMB experiment
requires using broad areas of physics. It starts

from relativistic cosmology to astronomy, thermal
statistics, optics, superconductivity, mechanics,
electromagnetism, and so on. Also the experimental
techniques come with as simple as soldering wires
(not actually simple!) to cryogenics, mechanical
design and machining, parallel computing, and more.
This makes me feel a tight connection between
daily activities and an event at the early universe,

Research Field: Cosmology

which may always look as if it is unreachable. The
Kavli IPMU is a hub for scientists who are inspired
by the fundamental questions and | look forward to
working with you at the Kavli IPMU.

10 Kavli IPMU News No.36 December 2016



SatOSh| Sh|ra| Research Field: Theoretical Physics

Kavli IPMU Assistant Professor

The framework of the standard model and
cosmology is demonstrating notable success in
explaining nature. It is, however, clear that this is not
the ultimate theory to explain everything. An obvious
reason is this framework fails to explain the origin of
the (dark) matter in the Universe.

My research aim is investigating the ultimate
theory by studying closely the nature of the (dark)
matter. In particular, | am now intensively studying the
collider physics for efficient discovery/measurement
of dark matter. | am also very interested in cosmic-
ray signatures as a probe of dark matter. We will be
getting deeper insights into dark matter for the next
ten years, thanks to these observations.

| am excited that | will be working together with
Kavli IPMUers at this crucial time.

Anne DUCOUt Research Field: Cosmology

Postdoc

My research focuses on the Cosmic Microwave
Background (CMB) analysis, mainly to constrain
fundamental theories such as Inflation, and looking
for primordial B-modes (primordial gravitational
waves seen in polarization).

| previously worked on measuring the primordial
non-Gaussianities, especially on Planck data.

More recently, | also worked on the instrumental Japanese-led satellite mission to detect primordial
analysis, for Planck but also for the POLARBEAR B-modes, particularly on methods to separate

telescope, and here | will focus on LiteBIRD, a

Galactic from primordial signals.

Our Team



Fablan KOhIlnger Research Field: Astronomy

Postdoc

Shedding light on the physical nature of dark
matter and dark energy, but also investigating the
cosmological effects of massive neutrinos is the
major motivation for my current research.

The weak gravitational lensing effect of the cosmic
large-scale structure is very sensitive to the growth of
structure in the Universe and hence to the evolution
of these dark species.

Those kinds of weak lensing observations require

Juliana Kwan

Postdoc

Research Field: Astronomy

| am a postdoctoral researcher interested in
cosmology with large scale structure. | joined the
Kavli IPMU in October 2016 from The University of
Pennsylvania, where | worked on weak lensing within
the Dark Energy Survey. | am particularly interested
in using weak lensing as a probe for nature of
cosmic acceleration, one of the most fundamental
guestions that plague modern physics. | am also
interested in constraining the growth of large scale

Matthew Murdoch

Postdoc

The EGADS (Evaluating Gadolinium’s Action on
Detector Systems) detector was originally constructed
as part of an R&D program for the gadolinium
doping of the Super-Kamiokande detector. With its
R&D mission largely completed, EGADS (re-branded
Employing Gadolinium to Autonomously Detect
Supernovas) will become a dedicated supernova
detector capable of autonomously announcing a
galactic supernova burst within one second of first

Research Field: Experimental Physics

increasingly larger surveys and | have been working
with data from two such surveys, i.e., CFHTLS and

KiDS. Here at the Kavli IPMU | am especially looking
forward to exploiting the statistical power of HSC.

structure, as measured by redshift space distortions.
While at the Kavli IPMU, | will be working on a joint
approach using both weak lensing and redshift space
distortions as measured by the Hyper Suprime-Cam
survey to address this problem.

neutrino arrival and providing a valuable warning for
the astronomy community. My research is focused on
maximizing the sensitivity of EGADS through neutron
tagging, simulation development, and analysis of
cosmic-ray induced backgrounds.

12 Kavli IPMU News No.36 December 2016



Francesco Sala

Postdoc

Research Field: Mathematics

My research interests are algebraic geometry,
geometric representation theory, and mathematical
physics. At the moment | study different realizations
of Hall algebras and their refined versions
(K-theoretical/cohomological) by using (Higgs)
sheaves on curves. One can construct geometric
representations of these algebras by using the
K-theory/cohomology of moduli spaces of torsion-
free sheaves on resolutions of A-type toric singulaties

Tomomi Sunayama

Postdoc

My research interests lie between theory and
observation related to cosmology. In particular, | am
interested in how we can use galaxies to explore
dark energy, dark matter, and early universe physics.
During my Ph.D., | studied how to construct galaxy
mock catalogs using large N-body simulations as well
as some cosmological probes using galaxies such as
the baryon acoustic oscillations (known as a “standard
ruler”) and redshift-space distortions. These research
projects provided me with appreciation for the

Gabi Zafrir

Postdoc

Research Field: Theoretical Physics

My research focuses mostly on supersymmetric
higher dimensional quantum field theories. These
are interesting both from the study of quantum field
theory in general and due to their connection with
string theory on one hand and theories in lower
dimensions on the other. The last connection is given
by compactifying the higher dimensional theory
to lower dimensions, and has proved insightful, for
example, in the study of four dimensional theories

Research Field: Astronomy

o

and Nakajima cyclic quiver varieties. This yields

to applications in physics, most notably in four-
dimensional supersymmetric gauge theories on
A-type ALE spaces and the AGT conjecture for these
theories.

interplay between theory and observation. Increased
survey volumes in upcoming galaxy surveys such as
PFS (using the Subaru telescope) will enable us to
measure cosmological parameters with much better
precision and | think that this is a really interesting
time for cosmologists.

with 8 supercharges. | study all these aspects to
better understand quantum field theories, in both
lower and higher dimensions, and string theory.

Our Team



Research Report

Data Science and Natural Science

Shiro lkeda

Professor, The Institute of Statistical Mathematics, The Research Organization of Information and Systems,

and Kavli IPMU Visiting Senior Scientist

The word “science” means “the deepening of and
distribution of knowledge of a subject.” When the
subject is a natural phenomenon, we call it natural
science; if the subject is society, we call it social
science. The subjects studied in the Kavli IPMU are
physics and mathematics; therefore, they fall into the
categories of formal science and natural science. In
my institute, the main subject is the methodology of
data analysis. Therefore, we call our science “data
science.” To be precise, our subject is “to deepen and
distribute the knowledge of data analysis.”

Recently, the fields of data science, including
statistics, machine learning, and artificial intelligence,
are attracting a great deal of interest from both
academia and industry. The amount of data is
increasing rapidly as measurement technology
advances and the internet expands, while
data science is becoming powerful as applied
mathematical methods advance and computational
power increases. It is expected that combining these
two elements will bring new innovations.

Data science consists of theoretical and practical
studies. As for the theoretical side, | have studied
information geometry, which applies differential

geometry to information theory and statistics. On the

The author reports his research activities in collaboration with Kavli IPMU
researchers to the External Advisory Committee of the Kavli IPMU on August 22,
2016.

practical side, | have been working on astronomical
data analysis for several years. Since last year, | have
been a visiting scientist at the Kavli IPMU, and | am
starting new collaborations. Each project of the Kavli
IPMU is interesting from the data scientific viewpoint.
Some of them are listed below.

For the last two years, | have been participating
the Subaru/Hyper Suprime-Cam (HSC) survey project
through the Japan Science and Technology Agency
(JST) CREST Big-Data research program (PI: Naoki
Yoshida). The HSC repeatedly takes images of target
fields, and one of the tasks is to find new supernovae
from image subtraction (see Fig. 1). Although the
number of candidate transients detected from the

14 Kavli IPMU News No.36 December 2016



image subtraction is more than 50,000 per night,
the expected number of supernovae is around 50.
In order to discover good supernova candidates, an
automatic detection system must be implemented.
We have developed a type la supernova detector
using machine learning technique in collaboration
with NTT Communication Science Laboratories. The
detector is used for real observations.

| have started discussions with researchers working
on experiments conducted at Kamioka. In both T2K
and XMASS, whose scientific goals are different, it is
essential to find the target events from a vast amount
of data. A natural strategy for event detection is to
compute the probability of the target events based
on physical models. We need to develop a method
to compute the probability quickly. We will continue
discussions for possible contribution.

LiteBIRD is a future satellite project to measure
temperature fluctuations in the CMB. The fluctuations
are much smaller than the foreground emissions,
and the separation based on their statistics would
be essential for the measurement. For the Planck
data analysis, an Independent Component Analysis
(ICA) method, which was developed in the 90s, was
applied. I studied ICA methods when | was a post-
doctoral fellow, and am expecting to apply them to
new data.

When we collaborate with researchers in other
fields, just receiving data via e-mails and sending
the results back does not work properly. Sometimes

their expectations of data science are too high, and

Fig. 1. Examples of real and bogus objects obtained with Subaru-HSC. The left,
middle, and right columns show the reference, new, and difference
images, respectively. Each row shows the cosmic ray (a—c), ghost near a
bright star (d—f), inaccurate image convolution or astrometric alignment
(g-i), and a real transient located in a galaxy (j-I).

sometimes our understanding of the data is not
sufficient. In either case, one of the main reasons for
misunderstanding is a lack of communication.

An important role of a data scientist in a project
is the consultation of data analysis. It is important
to have discussions to understand the data and
what data science can do for it. | have just started
collaborations with the Kavli IPMU. | am looking

forward to participating in different projects.

Research
Report



Workshop Report

Statistics, Quantum Information, and Gravity

Hirosi Ooguri

Kavli IPMU Principal Investigator

Unification of general relativity
and quantum mechanics has been
one of the holy grails of modern
physics. After the discovery of the
Ryu-Takayanagi formula for the
entanglement entropy 10 years ago,
it has become increasingly clear that
information theory provides powerful
tools to study quantum gravity and
quantum field theory. In turn, the study
of quantum gravity has provided a
new set of problems that information
theorists can study and stimulated its
progress.

In the past, the Kavli IPMU has
successfully hosted Focus Weeks at
the interface of high energy physics
and condensed matter physics, and
they have led to new collaborations
between theorists at the Kavli IPMU
and condensed matter theorists at
other institutes. The purpose of this
one-day conference is to explore
another interface area, between high
energy physics and information theory.

We invited a broad range of
scientists as speakers: Masanao Ozawa
(who studies quantum information
theory and foundations of quantum
mechanics), Hal Tasaki (who studies
fundamental questions in statistical
mechanics), Takahiro Sagawa (who
studies non-equilibrium statistical
mechanics, quantum measurement,
control and information theory),
Yasuyuki Kawahigashi (who studies
operator algebras, which are
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important for quantum field theory),
and Simmeon Hellerman (who is at the
Kavli IPMU and studies string theory,
which is the leading candidate for the
unification of general relativity and
guantum mechanics).

Ozawa is well-known for his
discovery of “Ozawa inequality” in
guantum measurement theory. The
conference opened with Ozawa’s talk,
in which he discussed measurement
theory in quantum field theory. He
was followed by Kawahigashi, who
discussed operator algebraic approach
to conformal field theory, which is
an important class of quantum field
theories, relevant to many aspects
of string theory and AdS/CFT
correspondence. In the afternoon,

sve

=
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Tasaki discussed thermalization of
statistical systems and Sagawa used
information theoretic methods to
discuss fundamental questions in
statistical mechanics. The conference
ended with a talk by Hellerman, who
pointed out an issue with defining
quantum entanglement in quantum
field theories with non-vanishing
gravitational anomalies.

The conference offered an excellent
opportunity for scientists with such
a broad range of backgrounds to
interact with each other. We hope to
foster such interactions further and
encourage collaborations between
high energy physics and information
theory.



Workshop Report

Workshop on Categorical and Analytic
Invariants in Algebraic Geometry IV

Alexey Bondal

Kavli IPMU Principal Investigator

The year 2016 was final for the
bilateral Japanese-Russian project
“Categorical and Analytic Invariants in
Algebraic Geometry.” It was financially
supported jointly by JSPS and Russian
Foundation for Basic Research (RFBR).
The project is governed by Kyoji Saito
and Alexey Bondal.

In 2016, the series of events started
in 2015 was continued. A conference
“Categorical and Analytic Invariants
in Algebraic Geometry IllI” under the
auspice of this project was organized
by the Kavli IPMU, Steklov Institute,
Higher School of Economics in Moscow
(where this conference was held) and
the Institute of Fundamental Science
on September 12—-16. Members of
the Kavli IPMU participated, as well as
mathematicians from the Graduate
School of Mathematical Sciences of
Tokyo University, Osaka University,
Tokyo Metropolitan University, Steklov
Institute in Moscow, Higher School of
Economics in Moscow and from other
institutions in Britain and Poland.

Another workshop “Categorical
and Analytic Invariants in Algebraic
Geometry IV” took place at the Kavli
IPMU in the week of 14-18 November
2016. Further exchange of ideas and
cooperation between Japanese and
Russian participants of the project
as well as with other Russian and
Japanese scientists took place.

A particular attention was given
to birational transformations and
their mirror symmetric partners.
Constructions of derived equivalences
of algebraic varieties given by both
birational and nonbirational varieties

were discussed. Noncommutative
mirror partners of ordinary algebraic
varieties were scrutinized. The
foundational base of the theory via
properties of DG-enhanced categories,
introduced by A. Bondal and M.
Kapranov almost 30 years ago, was
carefully studied.

The work of analytical invariants
constructed by means of mirror
symmetry was presented in several
talks from the Japanese side. As in the
events of the previous year, many talks
of the workshop were devoted to the
study of one of the sides of the mirror
and/or to comparison of the two.

Mikhail Kapranov outlined a new
perspective in his talk on higher Kac-
Moody algebras and derived moduli
spaces of G-bundles. He developed a
generalization for higher dimensional
varieties of one of the fundamental
features of the Conformal Field Theory
on Riemann surfaces, that is the action
of the current (Kac-Moody) algebras
on the moduli space of rigidified
G-bundles.

A young Japanese mathematician
T. Kuwagaki presented his powerful
result on coherent-constructible
correspondence. The first observation
and results of A. Bondal on
equivalence of derived categories of
coherent sheaves on toric varieties
with the derived categories of
constructible sheaves on the real torus

subordinated to a suitable stratification
was developed by a range of authors
into a general conjecture of such
equivalence for toric stacks. The
conjecture can be interpreted in terms
of mirror symmetry by identifying the
constructible side with the relevant
Fukaya category. T. Kuwagaki reported
on his proof of the conjecture in full
generality.

The cooperation with physicists
was particularly fruitful. Kentaro Hori
presented mathematical conjectures
about derived equivalences of
some Calabi-Yau varieties based on
consideration of a two parameter
gauged linear sigma model that has
six phases. It can be regarded as a
two parameter extension of Hosono-
Takagi model. Sh. Hosono in his
turn described a series of examples
of mirror symmetric partners for
Calabi-Yau varieties that have infinite
birational automorphisms and
identify these automorphisms with
monodromy transformations in their
mirror families.

A young Russian mathematician
Andrei Yonov developed the physics
proposal of A. Belavin that the Witten's
descent deformation of the chiral ring
should correspond to the certain K.
Saito’s primitive forms for the Gepner
singularity. Yonov constructed by
purely mathematical tools primitive
forms for Gepner singularities.

Workshop




Workshop Report

Resurgence at Kavli IPMU

Aleksey Cherman

University of Washington Postdoctoral Research Associate

The “Resurgence at Kavli IPMU”
was held from December 12 to 16,
and focused on surveying recent
developments in resurgence theory
and related topics. Resurgence theory
is a framework to systematically
construct solutions to non-linear
problems arising in physics and
mathematics. For example, one may
want to construct solutions to non-
linear differential equations, or to
write expressions for observables in
a quantum field theory (QFT) as a
function of its coupling constants. The
starting point for the analysis of such
problems is of course perturbation
theory around a linearized limit. But
perturbation theory alone is usually not
enough, because it produces divergent
asymptotic series, and the result is not
valid non-perturbatively. Resurgence
theory allows one to develop exact
solutions by systematically putting
together perturbative expansions
around different linearized limits.

For example, in QFT, this involves
understanding how perturbative
fluctuations around various instanton-
like sectors fit together to produce an
unambiguous result valid for any value
of the coupling constants.

The workshop was highly
international, with participants from
Europe, North America, South America,
and Asia. The talks highlighted exciting
developments along several directions.
Many talks, for example by Y. Tanizaki,
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T. Schafer, E. Poppitz, P. Putrov, G. Basar,
and T. Misumi, discussed the relation
between resurgence theory, which
gives an algebraic perspective on
semiclassical expansions, and Lefshetz
thimbles, which give a geometric
perspective on the same topic. A.
Cherman and T. Sulejmanpasic gave
overviews of techniques necessary to
produce smooth weakly-coupled limits
for asymptotically-free QFTs, which is
a necessary step to apply resurgence
theory technigues. O. Costin and G.
Dunne announced intriguing results on
practical new methods for summation
of semiclassical expansions and
relations between perturbative and
non-perturbative effects. R. Schiappa
and M. Yamazaki explained recent
developments in applications of
resurgence theory to string theory and
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supersymmetric gauge theory, while
T. Aoki, Y. Takei, and A. Getmanenko
presented advances in the study of the
WKB expansion and related topics in
resurgence and Stokes phenomena.

The format of the workshop was
focused on leaving as much time for
informal discussion as possible, with
most days having two talks in the
morning and two in the evening, and
plenty of tea and cookies placed near
blackboards to trigger interactions.
Kavli IPMU’s wonderful staff and
facilities provided an excellent and
stimulating environment, and the
workshop was very successful, with
many participants remarking that they
developed new research ideas from
the talks and interactions with other
researchers.




TEA BREAK

Dream of the Monkey™
from diary, entry dated July 20, 2010

Kyoji Saito

Kavli IPMU Principal Investigator

A beer party was held for the
first time on the roof of the IPMU
building. | was talking with Takada-
san”” and Kato-san.”” Takada-
san said, “In the eyes of Kato-san,
IPMU researchers are something
like monkeys or aliens. Though,”
he continued while glancing at
Murayama-san, ‘it may well be that
some of them are human beings.”
“Whee! I'm a monkey! If | remember
my past life correctly, | should have
fallen into the realm of hungry ghosts
this time — have | come up to the
animal realm?“* | don't really feel that
| have risen to a higher realm, but |
am glad | could become a monkey.”
While I was thinking things like that, |
awoke from my dream.

In the innermost depth of
mountains — this is where | was
born and bred. Now | see that I have
been a monkey from the beginning.
But | fought against the boss monkey
of my home mountain. Eventually
| left that mountain and acquired
a mountain of my own, my own
territory. Now | have a large family
and a lot of fellow monkeys. But |
am somehow lost in thought these
days. I am the boss of this mountain!
| can do whatever | want here. But
something is missing.

What are the stars twinkling in
the sky, up where | cannot reach?
Why am | here? | wonder what |

am. | don’t understand
at all! Nevertheless,

| desperately try to
understand.

| heard that human
beings are trying to understand what
is beyond the stars using something
called Subaru. | heard that, using
something called LHC, they are trying
to understand what is happening
in an extremely tiny world. Imagine
this whole mountain squeezed into
a grain of sand, and then further
squeezed by the same amount:-
what could be going on in such a tiny
place? | also heard that in the world
of humans, they have something
called mathematics, which enables
them to see the truth across the
entire history of the universe — from
its beginning to its very end.

Aaah! | wanna be a human
being! As a human being, | wanna
understand what | am. | wanna
understand the universe. | heard that
a priest travelling in quest for the
truth will pass through here in five
million years from now. I've got it!
I'm gonna follow him and see what
the truth is--

This was why | called my family
and fellow monkeys to the mountain.
“You have always taken care of
me. I'm grateful for it. But today I'll
go down the mountain to start a
journey. I'll follow a priest who shall

Good

Luck / pass near here in five
million years. You must
not concern yourselves
about me. I'm counting
on you to take care of
everything regarding our mountain
from now on. You guys, get along
with each other!” | was cool but
irresponsible in saying these things.
Then | came down the mountain.

After an unspeakable five million
years of wandering — there were
countless things that happened
during the journey; it is impossible
to give a short summary — I was
thinking, “At last, tomorrow ['ll be
able to meet the priest whose name
is Hitoshi Sanzang.””” Then, | awoke
from a dream, again!

What in the world is this? It may
be that I'm also in a dream, from
which | should awake. So, I've written
down my dream before | forget it.

RS.

* Inspired by Zhuangzi's Dream of the Butterfly
(see, for example, https://en.wikiquote.org/wiki/
Zhuangzi.)

*2 Masahiro Takada, who was an IPMU Associate
Professor at that time. (Now he is a Kavli IPMU
Professor.)

*3 Yasuhiro Kato, who was head of the Accounting
and Finance Section of the IPMU Administration
Office at that time.

** For more information regarding the Karmic
wheel of life, see, for example, http://www.
onmarkproductions.com/html/six-states.shtml.

** See, for example, https://en.wikipedia.org/wiki/
Xuanzang_(Journey_to_the_West).

Tea Break



Special Contribution

Science and Art Today

Norimichi Hirakawa

Limits of Imagination

Considering that one of the functions of modern
art is rediscovering or extending the world based
on the concept of beauty or sublimity, it is hard to
imagine that the conventional method, in which
artists have been creating something by themselves
based on their own imaginations, is still effective.
This is because the picture of the world presented
by science is unusual and goes against common
sense to the extent that it goes beyond the scope of
artists’ imagination.

Programming as a Technique of Expression
Artists have always been working with
technology. Needless to say, technology includes a
pencil, a brush, and a sheet of white paper. Digital
technology is a remarkable modern technology.
There are a number of technigues of expression
utilizing digital environments. However, drawing

a picture on the screen with a computer mouse
—though it is an analogy of reality—cannot be
considered a technique utilizing the essential nature
of the computer as computing machinery, for
instance. An effective method to extract the power
of a computer as a piece of computing machinery
is computer programming. As far as we rely on GUI
(graphical user interface) we cannot create what
exceed our physical abilities, but writing computer
code makes it possible to exploit the computer’s
computing power with its amazing velocity and
accuracy that far exceed our abilities for creating
something.

“Computation” as a Technology

What is the most fundamental technology
involved when we represent something by writing
a program? Considering that a single algorithm can
be expressed by multiple programming languages,




we understand that programming itself is not an
essential technology. A truly essential technology
must be “computation” itself. | think it is the most
primitive technology created by human beings who
can handle symbols.

Does “Computation” Create Artwork
beyond Imagination?

What is the crucial difference between creating
something by letting the computer compute and
that by our own hands based on imagination? |
think, ultimately, it is whether or not the created
result is what we expected. As long as human
beings create something with their hands, they
have images of final drawings no matter how crude
they may be, and these final drawings are drawn by
imagination. On the other hand, when we create
something through programming, we can think of
a sequence of operations such as “for all the pixels
of a given digital image data, divide the green value
by the red value, and substitute the result for the
blue value,” but it is difficult to predict the result.
However, it is possible to write an entire program
without knowing the result, based on the logical
system of a programming language. If the entire
program is logically consistent, it is executable.
Upon looking at the result of the executed program,
then, there emerges a feedback structure which
becomes key to going beyond imagination in
creating artwork. It is an infinite loop of modifying
the initial values or the algorithm of the program

as a result of computation and then executing the
modified program. | think this is one of the purposes
of creating representations by computer technology
—to discover beauty or sublimity that surpasses
human imagination.

Artist-in-Residence at the Kavli IPMU

During my residency at the Kavli IPMU, | spent time
thinking about what to create by how to compute
what, with a hint of the concept of dimension. As a
result, | managed to formulate one idea. It is the idea
of considering a digital image as a set of points in
5-dimensional Euclidean space, by interpreting the
five numbers that each pixel has—coordinates X and
Y, representing the position on the image, and R,
G, and B (red, green, and blue), representing pixel’s
color—as the coordinates of a point in 5-dimensional
Euclidean space, and to observe a different aspect
of the image by rotating it in this 5-dimensional
Euclidean space. Mathematically, rotation conserves
the distance between any two pixels, and of course
inverse rotation restores the original image. In other
words, it is something like watching a sculpture as
you are walking around it. Mathematically, this is
a feasible idea, but, again, it was not possible for
me to imagine what kind of image was obtained
by rotation. However, while | was addressing this
program during my residency, it was possible for
me to empirically learn which plane of rotation
corresponds to what kind of change on the image.

Work created during the residency: “sunset” [(from left to right)
gradation, complexity, spot] 2016,
digital C type print series, 680 X 680 (mm).

These images are outputs from different input data (photographs
of sunsets) with arbitrary parameter values of 5-dimensional rotation
(see below). It is assumed that the “beauty of the sunset” unconsciously
felt by us can be represented by the following three factors or their
combinations:

1. Color gradation of the sky as compared to the ground,

2. Complexity of the shape and shadow of the cloud, and

3. The sun itself, felt as a white bright circle. /
Special

Considering digital pixels as 5-dimensional points (XY+RGB), the Contribution

shape and the color gradation can be interchanged. Using this fact, |
searched for the “beauty of the sunset,” which can be felt even if the
“sunset” itself cannot be recognized as a result of the rotation.
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Art & Science

Art & Science, or Art-Science collaboration, may
be taken as something good, but | think it is actually
very difficult, or rather almost impossible. First of all,
science and art are different systems, each describing

the world using a different language. This inevitably
leads to the situation that the more they deepen, the
more mutual understanding becomes difficult and
the less they need each other. At the present time,
science does not need art; it is a system that has

(Upper left) A workshop was held for Kavli IPMU scientists. First, participants
evaluated artworks of 14 media artists based on 10 items such as simplicity.
This way, they understood the viewpoints for evaluating artworks. They
then thought out ideas of installation artworks. Four scientists (astronomer,
theoretical physicist, mathematician, etc.) participated the workshop and
enjoyed the discussion.

(Upper right) An occasion of showing how the artist was working in the office
to Kavli IPMU scientists. The artist explained his theme and progress of the
work at this residency, using projected images.

(Left) A total of about 2800 people visited Open Campus Kashiwa 2016. On
this occasion, the outcomes of residency were exhibited. Through two days
of Open Campus, the artist explained his artworks to visitors. According to
questionnaire from visitors, this exhibition gained a very good reputation with
impressions such as “Fantastic!” and “Interesting though difficult.”

developed in this way. On the other hand, art does
not need to understand cutting-edge science, and
painting has developed by sharpening subjectivity
rather than objective realism since appearance of the
camera. The meaning of Art & Science is not self-
evident. However, it is obvious that the motivating
power of some scientists and artists comes from
such common fundamental questions as “What is
the world made of?” “What is time?” and “Where
do we come from?” | wonder what it does mean.

Artist Interview
(by Kavli IPMU Public Relations staff)

What pieces of artwork are you
creating?

Mostly | create installation artworks
using images obtained using computer
programming. While combining
various materials such as algorithms
and real photographed images, | am
thinking, for example, about how |
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can create what cannot be produced
by human hands only, or whether it
is possible to represent something by
continuing the computing process
itself.

How did you find creating artwork
under the “condition” of residency at
the Kavli IPMU?

As there were a variety of scientists,
it was possible for me to ask some of
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them questions as needed in trying an
algorithm that | had not tried before.
So, expecting that the algorithm itself
would change while it was developed,
I intentionally tried to think and create
something without setting goals as
much as possible. In the end, | was
advised on how the same algorithm
can be used rather than changing it,
and to what motif | should apply it to
expect interesting results.



Also, | think it was one of the
conditions to, as much as possible,
create something as an accumulation
of processes that can be logically
explained, without an artistic jump or
a connection of thought. I think it was
not intentionally imposed, but rather
it occurred spontaneously owing
to the environment of residency at
the Kavli IPMU, a research institute
in fundamental science. After the
residency, now | think it was very
constrained. However, we rarely
experience this kind of thing in the
world of art and artists only. When
| returned to everyday life, suddenly
memories of experiences at the
residency came back, and the way of
thinking | had learned there showed
itself as pieces of work after a long
time. | would say that these are the
outcomes of the residence.

You are highly recognized for
huge video installation pieces,
which somehow conceptually or
philosophically examine and present
the laws that control nature, by
using the computer’s “computing
function,” and you are regarded as
a young leader of media art in the
contemporary art world. How do you
evaluate your pieces “sunset” created
from the viewpoint of a programmer
who designs computing, and from the
viewpoint of an artist who completes
the computed results as pieces of
work?

As a programmer who designs
computing, | evaluate “sunset” as
follows. It is a program dealing with
a five-dimensional digital image
data having spacial coordinates X
and Y and color coordinates R, G,
and B, but | have developed it as a
program applicable to any dimensions
depending on the computing resource.

In fact, | have already created and
exhibited the piece “datum” by
dealing with image data pixels as
digital points in six-dimensional
Euclidean space. | would say that it

is a success in the sense that it was
designed and developed as a general
program which, in principle, can deal
with Euclidean space of any dimension.
Regarding your second question with
respect to the level of completion of
my work, | could see that a curve in
the spatial coordinate system appears
as gradation in the color coordinate
system and vice versa, as a result of
five-dimensional rotation which mixes
spatial and color coordinates. However,
I have to say that it is insufficient to
refer to whether these two are also
interchangeable to the human eye
which recognizes beauty. Further, |
think that while it would be possible
to see if they are interchangeable by
means of a method which is somehow
similar to scientific one, a jump of
subjective thinking would be needed
to make pieces of work as art based
on these observations. So, it is likely
that this would become something
that takes a very long time, like my life
work.

You obtain the image data of
three primary colors in the two-
dimensional plane by taking certain
four-dimensional space-time pictures
in this world by means of an optical
instrument (camera), and reconstruct
them by regarding these data as a
set of points in the five-dimensional
Euclidean space. Was it possible for
you to get some clues about the
relation between things and truth
(the laws of physics or beauty) while
you were having the experience of
transforming several hundred times
the familiar outputs of three primary

colors in the two-dimensional plane
into the outputs obtained through
rotations in the five-dimensional space,
of which humans cannot recognize all
the directions at the same time?

While | have been repeating my
work, at a certain point it came to
me that | could expect — though
not completely, but to some extent
—the image that can be obtained
by rotating the original one in the
coordinate system which combined
the color coordinates and spatial
coordinates, both visible in my
eyesight. Then | felt how the potential
of human brains is constrained by the
phenomena occurring in the world
which we are looking at and appealing
to our senses. If phenomena occurring
before our eyes are sufficiently rich,
human brains can sense something
from them and learn their pattern.
Conversely, | have come to feel as if
the real phenomena we can observe
at the respective places in this universe
are very restrictive, and this constrains
the potential of the human brain. |
feel that there are visual experiences
which never result from observation of
natural phenomena before our eyes,
but which bear logically explainable
beauty; namely, there exists beauty
or sublimity beyond the universe as a
totality of the nature that is observable
by the mankind.

What is your plan for the future?

As for a big plan, I will hold a
personal exhibition in Breslau, Poland
in March, 2017, so | am preparing for
that. It will be a big opportunity to
present the outcomes of my residency
at the Kavli IPMU as a package of
artworks.
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Special
Contribution



Minister of State Yosuke Tsuruho
Visits Kavli IPMU
On November 11, Minister of
State for Science and Technology
Policy Yosuke Tsuruho visited the
Kavli IPMU, accompanied by Yoshio
Yamawaki (Director General for
Science, Technology and Innovation
of Cabinet Office), Yasuyoshi Kakita
(Director, Promotion Policy Division,
Research Promotion Bureau of
Ministry of Education, Culture, Sports,
Science and Technology), and other
government officers.
Director Hitoshi Murayama

began by presenting an overview
of the Kavli IPMU and its research
activities. He also explained the
World Premier International Research
Center Initiative (WPI) as well as
the present status of the SuUMIRe
project conducted under the Cabinet
Office’s Funding Program for World-
Leading Innovative R&D on Science
and Technology (FIRST) and the
applications and technologies derived
from basic research. Then, after
having looked over the Kavli IPMU
building, the guests joined researchers
and talked with them at tea time.
(See a picture on page 3.)

Toshiyuki Kobayashi Selected
as a Fellow of the American
Mathematical Society

On November 1, 2016, the
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American
Mathematical Society
(AMS) announced
the list of the 2017
Class of Fellows;
University
of Tokyo Graduate School of
Mathematical Sciences Professor
and Kavli IPMU Principal Investigator
Toshiyuki Kobayashi was among
those selected. The AMS has
recognized his contributions to the
structure and representation theory
of reductive Lie groups. Professor
Kobayashi has paved the way for a
new mathematics via his research on
the theory of discontinuous groups,
branching laws of infinite-dimensional
representations, and global analysis
of minimal representations,
and pioneered revolutionary
breakthroughs in mathematics.

The Fellows of the American
Mathematical Society program
was inaugurated in 2012. It
recognizes members who have made
outstanding contributions to the
creation, exposition, advancement,
communication, and utilization of
mathematics. The responsibilities of
Fellows are to take part in the election
of new Fellows, to present a “public
face” of excellence in mathematics,
and to advise the President and/or
the Council on public matters when
requested.”

Toshiyuki ‘Kobayashi

Tadashi Takayanagi Awarded the
2016 Nishina Memorial Prize

On November 10,
2016, the Nishina
Memorial Foundation
announced that
the 2016 Nishina
Memorial Prize was
to be given to Kyoto University
Yukawa Institute for Theoretical
Physics Professor and Kavli IPMU

Tadashi Takayanagi
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Visiting Senior Scientist Tadashi
Takayanagi for the discovery and
development of the holographic
entanglement entropy formula.

The holographic entanglement
entropy formula, which Tadashi
Takayanagi and his colleague
Ryu Shinsei published in 2006, is
now widely known as the Ryu-
Takayanagi formula and regarded as
an important formula in theoretical
physics. Professor Takayanagi's leading
contributions to the development
of the Ryu-Takayanagi formula over
the past 10 years and to elucidation
and application of the mechanism of
the holographic principle have been
recognized.

Kyoji Saito Awarded the 2016
Kiyoshi Oka Prize

On December 3,
2016, Kavli IPMU
Principal Investigator
Kyoji Saito was
awarded the inaugural 8
Kiyoshi Oka Prize.

The award ceremony was held at
the beginning of the 15th Oka
Symposium at Nara Women'’s
University in Nara City.

The award bears the name of
world-renowned mathematician
Kiyoshi Oka, who was a professor
emeritus at Nara Women's University.
Established in 2016, the prize is
given to mathematicians who have
found interesting problems and
solutions, have broken new ground
in mathematics, and have made
promising discovery and innovation
for future mathematics.™

Professor Saito is a world-class
mathematician in the field of complex
geometry. He has been working

Kyoji Saito

*

Cited from the AMS Fellows Program Document.
** Cited from http//www.nara-wu.acjp/omi/oka_
prize_en.html



on various subjects in complex
geometry and representation theory.
In particular, his theory of primitive
forms and their period maps, and
theory of elliptic Lie algebras and their
representation theory have had a wide
influence not only in mathematics but
also in physics, including superstring
theory and topological field theory.
These achievements, which have

led to new developments, as well

as his longtime contributions to the
mathematics community, have been
recognized.

Kavli IPMU Staff Received

the University of Tokyo’s
Special Award for Operational
Improvement in 2016

The Kavli IPMU Administrative
Division team, represented by Rieko
Tamura of the International Relations
and Researchers Support Section,
received the University of Tokyo’s
2016 Special Award for Operational
Improvement. The team consists of
20 members that took part in the
“Win-Win Project towards University
Globalization.” The Awards for
Operational Improvement is divided
into three ranks: the President’s
Award, the Executive Vice President’s
Award, and the Special Award
given by the University’s Division for
Operational Improvements. Every year,
teams of university staff members
are invited to implement ideas for
operational improvement, and the
awards are given to teams that have
shown excellent achievements.

The Kavli IPMU team planned
and implemented two programs:
“Lunchtime English Training” and
“Language Exchange with IPMU
Researchers.” These programs
raised the English proficiency of
administrative staff, and reduced
inefficiencies around English

language-related tasks. In addition,
“Language Exchange with IPMU
Researchers” is a program carried

out between Kavli IPMU staff and
researchers from abroad. It is a win-
win program as recognized by the
award: the exchange is an opportunity
for the researchers to improve their
knowledge of Japanese language and
culture.

Open Campus Kashiwa 2016

On October 21 and 22, 2016,
the University of Tokyo’s Kashiwa
Campus held an open campus under
the banner “Kashiwa Knowledge:
Discover and Experience.”

At the Kavli IPMU lecture hall,
two public lectures were given. On
the first day, Kavli IPMU Associate
Professor Naoyuki Tamura spoke
about “A Survey of the Universe with
the PFS (Prime Focus Spectrograph),
A New Spectrometer for the
Subaru Telescope, Will Observe an
Unprecedented Number of Galaxies
and Stars at the Same Time.” The
next day, Kavli IPMU Director Hotoshi
Murayama spoke about “Ripples in
Spacetime—Gravitational Waves Open
Up a New Way to Probe the Universe
—." (See pictures on page 3.)
In addition, Kavli IPMU Professor Naoki
Yoshida and Kavli IPMU Artist-in-
Residence Norimichi Hirakawa, a media
artist who stayed at the Kavli IPMU
twice in July and September 2016,
had a conversation about “Common
Features between Science and Art.”

Naoyuki Tamura, giving a lecture.

The Kavli IPMU also presented
a two-day program including an
exhibition of artist Hirakawa’s new
media art pieces inspired by his
residence at the Kavli IPMU, “Research
at Kavli IPMU" poster presentations,
mathematical puzzles, guided tours
of the Kavli IPMU building, a display
of books written or recommended by
IPMU researchers, and a screening of
Particle Fever. This is a documentary
film that follows the lives of six
researchers as they search for answers
about how our universe was made,
and witnesses moments of scientific
breakthrough at the Large Hadron
Collider. It has Japanese subtitles,
in cooperation with UC Berkeley
Professor and Kavli IPMU Visiting
Senior Scientist Yasunori Nomura, and
by Kavli IPMU staff.

In two days, a total of 9,600 people
visited the campus. The Kavli IPMU
attracted more than 2,900 people

Note: Readers who are interested
in Mr. Hirakawa’s Artist-in-Residence
story at the Kavli IPMU can find his
report as well as an Artist Interview in
this issue of the Kavli IPMU News (pp.
20-23).

Event: “Actually | Really Love
Physics! —Career Paths of Female
Physics Graduates”

On November 19, 2016, the
University of Tokyo’s Kavli IPMU,
Institute for Solid State Physics, and
Institute for Cosmic Ray Research
jointly hosted an event called
“Actually | Really Love Physics! —
Career Paths of Female Physics
Graduates” at the Kavli IPMU, and
there were 33 participants. This event
was held to support female students
in physics to plan their careers. For
that purpose, various speakers of
physics graduates talked their career
paths and the attractiveness of the
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field of physics. It was also aimed to
create a network of participants on
this occasion.

In the morning, four speakers
talked about topics including their
career paths and research for 10 to
20 minutes each.

In the afternoon, there were two
thirty-minute lectures. Kavli IPMU
Director Hitoshi Murayama spoke
on the topic “What | started to
see as | majored in physics—the
forefront of astrophysics research
and achievements of female
researchers.” The University of Electro-
Communications Associate Professor
Haruka Tanji then gave a lecture
entitled “What | saw when | broke
out of my shell—Study at a graduate
school in the U.S. and afterwards.”

In her lecture, she also spoke about
reconciling research with raising a
child.

After the lectures, the participants
toured the three host institutes.

The final program of the event

was a meeting of the lecturers and
participants. A friendly atmosphere,
with tea and cookies being served,
produced active interactions among
the participants, and the event ended
successfully. (See a picture on page 3.)

15th Kavli IPMU/ICRR Joint Public
Lecture, “The Observable Universe
and Beyond”

On November 27, 2016, the Kavli
IPMU and the Institute for Cosmic Ray
Research (ICRR) held the 15th joint
public lecture at the Ito Hall of the
University of Tokyo’s Hongo campus.
“Observable Universe and Beyond”
was the main topic and it attracted
an audience of about 300 people
including junior high school and high
school students.

The first lecture entitled “Observing
Formation and Evolution of Galaxies
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with Large Telescopes” was given

by ICRR Assistant Professor Yoshiaki
Ono. He talked about studies of

the evolution of the neutrality of

the universe, which elucidate the
reionization epoch when cosmological
structure formation started. In
particular, he focused on surveys of
distant galaxies that are important in
understanding the number density of
galaxies in the early universe.

Then Kavli IPMU Associate Professor
Taizan Watari spoke on “Beyond Our
Universe, Far to Observe, People Say,
Different Worlds Exist.” Having started
with quoting Karl Busse’s poem Uber
den Bergen,”™ he developed the topic
by comparing “happiness imagined
to dwell over the mountains” to the
laws of physics in the worlds which
we cannot yet observe. He said,
“While our laws of physics seem
to hold within the universe we can
observe, it is possible that the laws
of physics and constants beyond the
observable universe are different from
ours.” He then explained a possible
world resulting from slight changes in
physics laws and constants.

After the lectures, Professor Ono
and Professor Watari answered
questions from each other and the
audience. There was then a further
opportunity of communication
between the lecturers and the
attendees in the foyer of Ito Hall,
and many of them eagerly asked
questions at that time.

o

Taizan Watari (Ief) and Yoshiaki Ono (right).

*** English translation (copyrighted):
The LiederNet Archive: http//www . lieder.net/
lieder/get_texthtml?Textld=3453.
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Director Murayama Talked at the
WPI 10th Anniversary Symposium

On December 17, 2016, the
WPI 10th Anniversary Symposium
“Towards the Future of Science in
Japan” was held at Assembly Hall, East
Annex, Ministry of Education, Culture,
Sports, Science and Technology
(MEXT), under the sponsorship of
MEXT and the Japan Society for the
Promotion of Science (JSPS) and
with the cooperation of all the nine
WPI centers. In this symposium, Kavli
IPMU Director Hitoshi Murayama
spoke on “The Beginning and the
End of the Universe.” His lecture and
other lectures (all in Japanese) can
be seen at https://www.jsps.go.jp/
j-toplevel/13_lecture.html. Also, see a
picture on page 3.

Kavli IPMU Seminars

1. “State-sum constructions of spin-
TFTs and fermionic SPT phases”
Speaker: Lakshya Bhardwaj (Perimeter
Inst for Theoretical Physics)

Date: Aug 23, 2016

2. “QCD jet substructure and its
simulation”

Speaker: Yasuhito Sakaki (Kavli IPMU)
Date: Aug 24, 2016

3. “Quantum Nature of D-branes”
Speaker: Yoshifumi Hyakutake
(Ibaraki U)

Date: Aug 25, 2016

4. “Spaces with holonomy G2 and
their use in M-theory”

Speaker: David Morrison (UC Santa
Barbara)
Date: Aug 25, 2016

5. “Rise of the Proto-Galaxy System in
the Universe”

Speaker: Jason Xavier Prochaska
(UC Santa Cruz)
Date: Aug 31, 2016

6. “Natural Low-Scale Inflation and

the Relaxion”



Speaker: Jason Evans (KIAS)
Date: Sep 07, 2016

7. “Conformal bootstrap in Mellin
space”
Speaker: Kallol Sen (Kavli IPMU)
Date: Sep 21, 2016

8. “Z and Lepton-Flavor Violation”
Speaker: Po-Yen Tseng (Kavli IPMU)
Date: Sep 21, 2016

9. “The result of the MEG experiment
with the full dataset”
Speaker: Daisuke Kaneko (Kavli
IPMU)
Date: Oct 05, 2016

10.“Generalized Monstrous
Moonshine”
Speaker: Scott Carnahan (Tsukuba U)
Date: Oct 11, 2016

11."Multidimensional Simulations of
Magnetar Powered Supernovae”
Speaker: Ke-Jung Chen (NAQJ)
Date: Oct 13, 2016

12.“Gauge Theory and Calibrated
Geometry for Calabi-Yau 4-folds”
Speaker: Yalong Cao (Kavli IPMU)
Date: Oct 13,2016

13."Exact results in N=2 gauge
theories”
Speaker: Francisco Morales (INFN
Sezione di Roma)
Date: Oct 18, 2016

14."B-Physics Puzzles and Lepton
Flavor Violation”
Speaker: Olcyr Sumensari (LPT Orsay)
Date: Oct 19,2016

15."The other 95%: Insights from
Strong Gravitational Lensing”
Speaker: Tommaso Treu (UCLA)
Date: Oct 19, 2016

16.“Cosmology beyond the B-mode
spectrum from BICEP2/Keck Array”
Speaker: Toshiya Namikawa
(Stanford U)
Date: Oct 20, 2016

17.“The Coherent Satake Category
and Line Operators in N=2 Gauge
Theory”
Speaker: Harold Williams (UT Austin)

Date: Oct 20, 2016
18.“Radiation-hydrodynamic
modeling of supernova shock
breakout in multi-dimension”
Speaker: Akihiro Suzuki (Kyoto U)
Date: Oct 20, 2016
19."Hints for New Physics from a Rare
Decay of Beryllium-8?”
Speaker: Tim Tait (UCI)
Date: Oct 21, 2016
20."“D-instantons and indefinite theta
series”
Speaker: Boris Pioline (CERN)
Date: Oct 21,2016
21."Lecture 1: Dark matter halos”
Speaker: Houjun Mo (U
Massachusetts)
Date: Oct 25, 2016
22."Lecture 2: Gas processes and
galaxy formation”
Speaker: Houjun Mo (U
Massachusetts)
Date: Oct 25, 2016
23."Introduction to topological field
theories”
Speaker: Takuo Matsuoka
Date: Oct 26, 2016
24."Reconstructing the initial
conditions to simulate the
formation of the local universe”
Speaker: Houjun Mo (U
Massachusetts)
Date: Oct 26, 2016
25.“A Massive Progenitor of Strongly
Lensed Supernova Refsdal”
Speaker: Petr Baklanov (ITEP Moscow)
Date: Oct 27, 2016
26."“Introduction to topological field
theories”
Speaker: Takuo Matsuoka
Date: Oct 27,2016
27."Gravitational-wave memory
observables and charges of the
extended BMS algebra”
Speaker: David A. Nichols (Radboud
U Nijmegen)
Date: Oct 28,2016
28."Gauge Theory and Calibrated

Geometry for Calabi-Yau 4-folds:
Part II”
Speaker: Yalong Cao (Kavli IPMU)
Date: Oct 28, 2016
29."Searching for Dark Matter with
Gamma Rays”
Speaker: Simona Murgia (UCI)
Date: Oct 31,2016
30.“A 1d Theory for Higgs Branch
Operators”
Speaker: Ran Yacoby (Princeton U)
Date: Nov 01, 2016
31."Double ramification hierarchies”
Speaker: Paolo Rossi (Inst
Mathematics at Burgundy)
Date: Nov 01, 2016
32."Dark matter self-interactions - from
observations to particle physics”
Speaker: Felix Kahlhoefer (DESY)
Date: Nov 02, 2016
33."“Carbon-Enhanced Metal-Poor
Stars and Asymptotic Giant Branch
Nucleosynthesis”
Speaker: Richard Stancliffe
(Argelander-Institut fur
Astronomie, Bonn)
Date: Nov 08, 2016
34."Self-Dual Yang-Mills Theory and
Twistors”
Speaker: Alexei Rosly (ITEP)
Date: Nov 08, 2016

Personnel Changes

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 postdoctoral fellow
Teppei Okumura [January 1,2014 -
December 31, 2016] moved to ASIAA
in Taiwan as an Associate Research
Fellow.

JSPS Postdoctoral Fellow Richard
Calland [November 2, 2014 -
November 1, 2016] moved to Preferred
Networks Inc. as a Researcher.
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Lagrangian Point 2 (L2)

Hajime Sugai

Kavli IPMU Associate Professor

Sky observations with a satellite telescope require careful design of the satellite structure
and its orbit in terms of eliminating light and thermal effects from the sun and the earth.
The Lagrangian point 2 (L2) is an excellent position for this purpose.

The two-body problem, such as between the sun and the earth, is analytically solved.
Although there is not a general analytical solution on the three-body problem, when
three bodies are located in certain special positions, the relative positions of these
bodies are kept unchanged in the rotating system. Such positions are points where
the sum of gravitational forces from the sun and the earth on the third body, such as
a satellite, is balanced with the centrifugal force seen from the satellite. In particular,
the circular restricted three-body problem is solved analytically. In this case we assume
that the satellite mass is negligible with respect to the masses of the sun and the earth
and that their motions can be described as circular. These special points are then called
Lagrangian points. At one of five Lagrangian points, L2, a satellite telescope can observe
the deep space side at all times against the sun and the earth because they are seen in
the same direction from L2. LiteBIRD will use this Lagrangian point.
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