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Director’s Corner

Historic Achievement

I've always believed that Kajita’s discovery in
1998 should be awarded Nobel Prize in Physics. Al
Nobel Prizes in particle physics so far were given
to achievements that led to the establishment of
the theory called “Standard Model”. On the other
hand, Kajita, and the joint awardee Art McDonald,
have shown for the first time in history that the
Standard Model cannot explain everything in the
Universe. Their work is historic in that they have
shown that the Standard Model is not the ultimate
goal, but rather needs to be expanded to a yet
bigger framework. Actually there is a long-standing
problem “Why do we exist in the Universe? Universe
created matter and anti-matter one to one, but
somehow the balance was tilted towards matter at
the level of one part in billion, so that matter and
anti-matter did not completely annihilate each other
and a small amount of matter remained to date. How
was the balance changed?” This is literally a matter
of life and death for us. Now that they discovered
that the neutrinos have tiny amount of mass, there
is a very strong anticipation in the community that
neutrino is our “father” who protected us from
the complete annihilation, by tilting the balance
between matter and anti-matter. This is a theory put
forward by Fukugita and Yanagida at Kavli IPMU,
but it became very plausible after Kajita's discovery.

As a matter of fact, this research is pursued by the

Director of IPMU
Hitoshi Murayama

Hyper-Kamiokande proposal in Japan, and particle
physics in the US puts research in this area as its first
priority. Clearly Kajita’s work changed the direction
of research in particle physics worldwide.

Kajita has been a Principal Investigator from
the beginning of Kavli IPMU. We are all ecstatic
that one of our members received Nobel Prize. In
addition, this year’s Breakthrough Prize was also
awarded to Kaijita as well as Yoichiro Suzuki, and
the New Horizon Prize to Yuji Tachikawa, also our
members. Series of major awards is a testament to
the high quality of researchers at our institute. What
wonderful news! | expect more research results of
worldwide recognition will come out from Kavli

IPMU. I'm looking forward to a bright future.

Director’s
Corner
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Principal Investigator Ta kaa kl Kajlta

Research Area:Experimental Physics

Atmospheric Neutrinos and Neutrino Oscillations”

Introduction

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

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

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

* Originally appeared in IPMU News No.15 September 2011

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

Atmospheric heutrino observations in
Kamiokande

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

Muons produced in the muon neutrino (v,)
interactions gradually lose their energy as they
travel through water. On the other hand, electrons
produced in the electron neutrino (v.) interactions

4 Kavli IPMU News No. 31 October 2015



Figure 1. Production of atmospheric neutrinos.

form electromagnetic showers in water. Therefore,
muons and electrons behave very differently in
water. In Kamiokande, electrons and muons are
observed by detecting a ring-like pattern of emitted
Cherenkov light. In water, the Cherenkov ring pattern
of a muon is different from that of an electron as a
result of their different behavior. By exploiting this
fact, it is possible to identify muons and electrons.
For reference, Fig. 2 shows the Cherenkov-ring
pattern of an electron event and that of a muon
event, both observed by Super-Kamiokande which
will be mentioned later in this article. Based on

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

Here, the expected numbers of events were
obtained by a Monte-Carlo simulation in which the
numbers of neutrino interactions in the Kamiokande
detector were obtained from neutrino interaction

cross sections and calculated atmospheric neutrino
fluxes, and the detection efficiencies, etc., were

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

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

Feature



Figure 2. Examples of (a) electron neutrino and (b) muon neutrino events observed in

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

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

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

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

6 Kavli IPMU News No. 31

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

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

Atmospheric neutrino observations in
SK and neutrino oscillations

As soon as the Super-Kamiokande experiment was
commissioned in 1996, the observed atmospheric
neutrino data greatly increased since its effective
mass for observation was about 20 times that of

October 2015



Figure 3. The survival probability of muon neutrinos is shown as a function of L/E,
where L (km) is the distance and E (GeV) is the energy. The mass of the heavier
neutrino state is assumed to be 1/10” of the electron mass.

Kamiokande. Also, having accumulated more than
10 years of observational data already, and further
continuing observation for longer than any other
previous experiments, Super-Kamiokande makes it
possible to investigate atmospheric neutrinos using
far more observational data.

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

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

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

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

Detection of tau neutrinos

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

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

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

transmutation to tau neutrinos by detecting them.

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

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

8 Kavli IPMU News No. 31 October 2015



Figure 5. An example of a Monte-Carlo
simulated tau neutrino event.

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

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

Conclusions

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

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

of atmospheric neutrinos will keep contributing to
neutrino physics for many years to come.
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Our Team

Masahiro Kawasaki

Principal Investigator

| am mainly working on particle cosmology. In
particular, | am interested in inflation cosmology,
baryogenesis and axion cosmology. The inflationary
universe can not only solve cosmological problems
such as the horizon problem but also produce
primordial density perturbations which are perfectly
consistent with anisotropies in the cosmic microwave
background radiation observed by WMAP and Planck.
Now inflation is a new paradigm of cosmology. | have
been studying inflation models in supergravity and
obtaining constraints on the reheating temperature
after inflation by considering the cosmological effects
of gravitinos which are predicted in supergravity.

Artan Sheshmani

Project Researcher (Adjunct Assistant Professor)

My research is on Gromov-Witten/Donaldson-
Thomas theory, Calabi-Yau geometries and
mathematical aspects of String theory. Recently,
together with collaborators, | have studied and
proved the modularity property of DT invariants of
CY3's predicted in the famous S-duality modularity
conjecture in string theory in many cases. | also
work on the interaction between GW/DT theories
and Homological projective duality conjecture by
Kuznetsov, as well as proving the relation between

Research Field: Mathematics

Research Field: Theoretical Physics

Since inflation dilutes away pre-existing matter, the
baryon number and dark matter should be produced
after inflation. | am working on the Affleck-Dine
baryogenesis in supersymmetric theories and Q-balls
which are non-topological solitons produced in the
Affleck-Dine mechanism. | am also studying the
cosmological consequences of axions which are a
promising dark matter candidate.

geometry of Hilbert scheme of singular surfaces

and quantum topology of higher dimensional knots,
using representation theory and algebraic geometric
techniques.

10 Kavli IPMU News No. 31 October 2015



Chengcheng Han

Postdoc

My research interests include the following:

(1) Higgs physics. | study Higgs physics at the
colliders, predicted by various new physics models
like supersymmetry and little Higgs theory.

(2) Phenomenology of supersymmetry. | examine
various direct and indirect experimental
constraints on the new physics models, and study
their phenomenology at colliders like Tevatron,
LHC and ILC. | also perform MC study for
searching new particles at the colliders.

Kaori Hattori

Postdoc

Research Field: Experimental Physics

| have been working on a ground-based Cosmic
Microwave Background (CMB) experiment,
POLARBEAR, aiming to observe polarization with a
high sensitivity. Our goal is to reveal the early history
of our universe through observing polarization modes
created by the inflation. The POLARBEAR telescope
is currently observing in the Atacama Desert, Chile
(elevation of 5,200 m). Meanwhile, we are preparing
for an upgraded experiment, POLARBEAR-2 with a
higher sensitivity. To achieve the required sensitivity,
we will install more than 7,000 superconducting

Research Field: Theoretical Physics

(3) Dark matter, especially the dark matter physics
in low energy supersymmetry. | interpret cosmic
dark matter as the LSP in supersymmetry, and
try to explain the Planck relic density and other
detection results, then analyze the implications of
the phenomenology at the colliders.

detectors at cryogenic temperature. My research
focuses on how we can achieve such large detector
arrays. This study aims not only to conduct a ground-
based experiment, but also to perform a Japanese-
led satellite experiment, LiteBIRD.

ChangWOO JOO Research Field: Experimental Physics

Postdoc

We are developing/constructing a new Silicon
Vertex Detector (SVD) for the Belle Il experiment
at the super KEKB collider. Because of higher
luminosity, the SVD requires a new design and better
performance. My topic is Electrical Quality Assurance
(EQA) of the new SVD to guarantee good quality
as a tracking detector. First | check the electrical
functionality to confirm the connection of electronics
and readout chips. Then | survey the performance
of SVD modules including noise level, signal to noise

ratio, time resolution and dead time. My feedback
will help the SVD production force to make a better
guality SVD module. In this way, we can make

the highest-quality SVD possible for the Belle Il
experiment.

Our Team



Shing Chi Leung

Postdoc

Research Field: Astronomy

| study Type-la supernovae, which are the
explosions of carbon-oxygen white dwarfs due
to thermonuclear runaways, by running computer
simulations with Professor Ken'ichi Nomoto. We are
interested in understanding the relations among
various parameters of Type-la supernovae and
their influences to the galactic chemical evolution.
In particular, we want to derive constraints on the
theoretical explosion mechanisms from observational

Eva ngelos RO UtiS Research Field: Mathematics

Postdoc

My research is in the field of algebraic geometry
with a focus on degenerations of algebraic objects. In
particular, | study compactifications of configuration
spaces of points on algebraic varieties and moduli
problems associated with them. Additionally, | am
interested in Gromov-Witten theory and enumerative
geometry. More specifically, | study moduli spaces
of stable maps from curves to Fulton-MacPherson

Alessandro Sonnenfeld

Postdoc

How do early-type galaxies form and evolve? How
do the properties of these galaxies depend on their
dark matter halo? | address these questions using
strong gravitational lensing as my main investigation
tool. I joined the Kavli IPMU, so that | could look
for new strong gravitational lenses in the Hyper
Suprime-Cam (HSC) survey. Thanks to its very large
field of view, HSC will allow us to find more strong

data, from which we can refine our usage of Type-
la supernovae in the precision measurement of dark
energy.

type targets from the point of view of logarithmic
geometry, as well as their connections to other curve
counting theories.

Research Field: Astronomy

lenses than what has ever been possible with any
other survey.
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David Stark

Postdoc

Research Field: Astronomy

My research is focused around trying to
understand how galaxies form and evolve, with
an emphasis on the physics governing galaxy gas
reservoirs, the raw fuel for star formation. Using
multi-wavelength observations, | examine how
galaxies acquire (or lose) their gas reservoirs, and
how this gas gets converted into dense star-forming
clouds. I am especially interested in how galaxy
environments, from group scales up to large-scale

Iltamar Yaakov

Postdoc

Research Field: Theoretical Physics

My research is focused on non-perturbative aspects

of quantum field theory. | am especially interested

in defects and their role in duality, supersymmetric
gauge theory, and their mathematical applications.
My recent work has centered on extracting exact
results using supersymmetric localization. Some of
the most challenging aspects of strongly coupled
quantum field theory, for which we have few if

any analytic tools, such as finding the spectrum,

Kazuya Yonekura

Postdoc

Quantum field theory is one of the most
fundamental frameworks of physics. It explains
almost all the phenomena of physics at short
distances via models such as the standard model of
particle physics. It also often has interesting relations
with mathematics, especially in supersymmetric
guantum field theories.

| am working on aspects of quantum field theory
and its applications. Recently it has been understood
that there are lots of things which cannot be
captured by a conventional approach starting from
a Lagrangian. Sometimes there are no known

structure, influence these processes. Some of my
other research has explored the potential for star
formation in high velocity clouds and the baryonic
Tully-Fisher relation.

computing correlation functions, and figuring out the
low energy behavior, can be greatly simplified using
supersymmetry and localization.

Research Field: Theoretical Physics

Langrangians for some theories which can still be
constructed by string theory. In particular, there is
no renormalizable Lagrangian in higher dimensions,
and hence we need new methods to understand
them. | am aiming to understand those new sides of
quantum field theory.

Our Team



Workshop Report

Workshop on “Analytic Representation Theory

of Lie Groups’
Yoshiki Oshima

Kavli IPMU Postdoctoral Fellow

The workshop “Analytic
Representation Theory of Lie Groups”
was held at the Kavli IPMU for four
days from July 1, 2015 (Organizer:
Professor Toshiyuki Kobayashi, Pl
at the Kavli IPMU). Four professors
including Vershik were invited from
Europe and 13 researchers gave 20
hours of talks in total. In the workshop
the central subject was on the
following two programs advocated by
Kobayashi.

A: “Discover new phenomena in global
analysis by using representation
theory as a hint”

B: “The study of branching
laws of infinite-dimensional
representations.”

Lie groups are a classic object that
arose as continuous transformation
groups and since then the theory
of Lie groups has been developed,
interacting with various fields in
mathematics and physics. One can
often find symmetries behind classical
analysis such as Fourier analysis
and special functions and they are
described in terms of Lie groups.

Conversely, based on the extensive
development of the representation
theory, the programs have aroused
a new trend in which studies aim to
discover new phenomena in global

analysis by using representation
theory as a hint.

From this point of view, Orsted
explained Kobayashi-Mano’s
deformation theory and Ben Said-
Kobayashi-Orsted’s deformation
theory which includes the Fourier
transform and the Dunkl transform.
Kobayashi asked whether geometric
guantizations and limits commute
and then suggested a geometric
idea for constructions of minimal
representations.

Symmetry breaking operators,
which control information of
restrictions of representations, often
came up in our discussion. This can
be seen in Pevzner's talk on the study
of differential symmetry breaking
operators via the F-method introduced
by Kobayashi, Ochiai’s talk on an
application of symmetry breaking

Kavli IPMU News No. 31 October 2015

operators to automorphic forms, and
a talk by the author on branching
rules of unitary representations by
using symmetry breaking operators.

Vershik constructed representations
of certain infinite-dimensional
groups, called current groups, using
complementary series representations.
His talk showed the participants a
new aspect of representation theory.
Bianchi discussed new results on the
covariogram problem which have
been obtained by applying relations
between geometric invariants and the
asymptotic distribution of the zero set
of the Fourier transform.

By focusing analytic aspects on
representation theory, we found
that these programs expand in many
directions and the workshop was very
fruitful and successful.



Workshop Report

Tokyo-Berkeley Summer School

“Geometry and Mathematical Physics’

Toshitake Kohno

Kavli IPMU Principal Investigator

This school was held in the
framework of the program for
Strategic Partnership between the
University of Tokyo and the University
of California, Berkeley. We invited
five students from the University of
California, Berkeley, five students
from the National Research University
Higher School of Economics and
one student from Yau Mathematical
Sciences Center, Tsinghua University.
Moreover, many Japanese students
from both fields of mathematics
and physics attended the school
and the total number of participants
was about 80. To support students,
we used the funding of the Leading
Graduate Course for Frontiers of
Mathematical Sciences and Physics
(FMSP) and Japan Student Services
Organization (JASSO).

The school’s subjects covered
various topics coming from interaction
between mathematics and physics
such as the theory of period integrals,
Gromov-Witten invariants, mirror
symmetry and Donaldson-Thomas
invariants. In the first week, there
were three introductory lectures.
First, Kyoji Saito gave an introduction
to the theory of period integrals
starting from the classical theory of
elliptic integrals. He explained how
such classical theory leads to the
construction of the flat Frobenius

structure and the theory of primitive
forms. Todor Milanov described

a relationship between Gromov-
Witten invariants and integrable
systems. Then, Akishi Ikeda gave an
introduction on a derived category

of coherent sheaves on algebraic
varieties and Bridgeland stability
conditions. On the last day of the first
week there was a student session and
14 students gave presentations on
their research interests. The program
of the second week consisted of mini-
courses and 90-minute lectures. The
lecturers of the mini-courses were
Mikhail Kapranov, David Morrison,
Nicolai Reshetikhin and Yukinobu
Toda. Mikhail Kapranov described a
combinatorial approach to Fukaya
categories of surfaces and the concept
of Fukaya categories with coefficients.
David Morrison started with the

origin of mirror symmetry in string
theory and discussed variations of this
theme. Nicolai Reshetikhin explained
a method of Batalin-Vilkovisky
quantization. Yukinobu Toda

talked about moduli of Bridgeland
semistable objects on 3-folds and
Donaldson-Thomas invariants. There
were lectures by Kentaro Hori and
Masahito Yamazaki. Kentaro Hori
talked about the partition function on
the hemisphere of two-dimensional
supersymmetric sigma models

and Masahito Yamazaki gave an
introduction to cluster algebras and
their applications.

The school was extremely lively,
and there were many stimulating
discussions among the participants
including students. We hope to
continue holding this kind of school in
the future.

Workshop



Workshop Report

“Kavli IPMU-Durham-KIAS Workshop:
New Particle Searches Confronting the First
LHC Run-2 Data’

Michihisa Takeuchi

Kavli IPMU Postdoctoral Fellow

The international workshop was
held at the Kavli IPMU on September
7 - 11, 2015. This workshop was co-
organized by the Kavli-IPMU, Durham
University, and KIAS. The organizing
committee consists of Michihisa
Takeuchi, Shigeki Matsumoto, Mihoko
Nojiri, Kai Schmits, Pyungwon Ko, and
Michael Spannowsky.

The aim of the workshop was to
discuss new physics discoveries at the
LHC just after the first LHC Run 2
results became public at the end of
August (where the collision energy
had been upgraded from 8 TeV to
13 TeV). There were several anomalies
and divergences from the Standard
Model predictions reported during
Run 1; they are to be re-examined
during Run 2. It was very timely to
hold this workshop at this moment.

The workshop mainly consisted of
2 invited talk sessions in the morning
and an invited talk and short talk
sessions in the afternoon. In total, we
had 10 speakers invited from abroad,
2 speakers invited from the Kavli
IPMU, and 26 short talks. There were
67 participants from 11 countries (33
of the participants were from Japan).

Mihoko Nojiri launched the
workshop with an overview for
Run 2 and Bryan Webber gave two
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talks on event generations and jet
substructures. In the afternoon, Yang
Bai talked about non-relativistic
particle production at the LHC. On the
second day, 8 TeV results and 13 TeV
prospectives at ATLAS and CMS were
presented by Paul de Jong and Teruki
Kamon, respectively, and Valentin V.
Khoze talked about the Higgs Portal.
On the third day, Tsutomu Yanagida
gave a talk on Quarks and Leoptons
as Quasi-Nambu-Goldstone Fermions.
On the fourth day, Seung Joon Lee
talked about spin 1/2 composite
particles, James B. Dent talked

about the general framework of the
effective field theory regarding dark
matter at the LHC, and Graham Kribs
talked about stealth dark matter. On
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the final day, Matthew Mccullough
talked about the Relaxion and Lian-
Tao Wang closed the workshop with
a talk on spin 1 composite particles.

There were also short talks on
new discovery strategies, kinematical
variables at the LHC, a model to
explain the diboson anomaly, lepton
flavor violation, two-Higgs-doublet
models, and dark matter searches at
the LHC.

The workshop successfully
closed with an announcement by
Michael Spannowsky regarding a
plan to have the next workshop at
Durham University next year. It was
a very good opportunity for lots
of discussions with broad range of
topics.



Workshop Report

MEXT Scientific Research on Innovative Area
Inauguration Symposium “Why Does the

Universe Accelerate? — Exhaustive Study and
Challenges for the Future —~

Masahiro Takada

Kavli IPMU Professor

The MEXT Scientific Research
on Innovative Area “Why does the
Universe accelerate? — Exhaustive
study and challenges for the future -
(PI: Hitoshi Murayama) is newly
launched in FY2015. During Sep
20 - 21, we had the inauguration
symposium at Lecture Hall of the Kavli
IPMU. We had over 100 participants
even in the middle of Silver Week
holidays.

There is observational evidence for
two periods of accelerated cosmic
expansion: at the very beginning,
known as inflation: and the present.
Since Newton’s and Einstein’s gravity
is known as an attractive force,
gravity can only “pull” the expansion
to slow it down. Hence cosmic
acceleration is the biggest mystery
in cosmology. What is “pushing” the
Universe to speed it up? We often
invoke “inflation” and “Einstein’s
cosmological constant” as theories,
but they have many unnatural
features and are far from being
satisfying explanations. The purpose
of this research area is to understand
the origin of the accelerated cosmic
expansion, as well as its interplay with
dark matter that competes with the

acceleration to build galaxies and
clusters of galaxies. To address this
problem never encountered before,
we propose to conduct research
based on a comprehensive approach:
theory units ranging from cosmic
acceleration due to inflation (AO1:
Misao Sasaki, Kyoto U.), decelerated
expansion phase due to dark matter
(A02: Fuminobu Takahashi, Tohoku U.),
and the late-time cosmic acceleration
due to dark energy (A03: Naoshi
Sugiyama, Nagoya U.); observational
units based on CMB experiments (BO1:
Masashi Hazumi, KEK), galaxy imaging
surveys (B02: Satoshi Miyazaki, NAOJ),
galaxy redshift surveys (BO3: Masahiro
Takada, IPMU), and the Thirty-Meter
Telescope (BO4: Tomonori Usuda,
NAO)); then ultimate units developing
tools of combining different
cosmological datasets to extract
cosmological information (D01: Eiichiro
Komatsu, MPA/IPMU) and seeking an
ultimate theory of cosmic acceleration
from super-string theory with a top-
down perspective (CO1: Hirosi Ooguri,

Caltech/IPMU). This research program
will be carried out over five-year
duration (FY2015 - FY2019).

Representatives from each research
group gave talks at the meeting
introducing the background, scientific
objectives, and planned research
programs during the period. We
also had contributed talks mainly
by young researchers, stimulating
various discussions. At the launch
of this research program, there
were many expectations and a lot
of enthusiasm and excitement, and
the research teams were able to re-
realize responsibility for ensuring the
success of the proposed research. The
symposium was highly successful and
moved the momentum forward.

The symposium was successfully
run by other local organizers: Teppei
Okumura, Kiyoto Yabe, Yuki Moritani,
Hiroko Niikura, Ryoma Murata and
Kazuyuki Akitsu. We also thank the
Kavli IPMU administrative office
members, especially Shoko Ichikawa
for their dedicated support.

Workshop



Special Contribution

Invisible Halo
Yasuo Nomura

For four weeks from August 17th to September
11th, I stayed at the Kavli IPMU as a visitor in the
artist-in-residence program. There, | created a piece of
art at the corner of an office allocated to me. Though
somewhat different than what usually appears in this
journal, I would like to write something which serves
as a memorandum record of knowledge acquired
by one artist (myself) through interactions with
researchers at the forefront of science. | may have
incorporated my own misguided interpretations of
scientific theories here and there; however, | would
like to ask that you please overlook such instances as
they constitute part the essence of artistic creativity
within the context of this discussion.

Halos are a very special meteorological
phenomenon for me. On a winter night more than 10
years ago, | observed by chance, a scene wherein the
moon was shining in the night sky and surrounded by
a clear threefold rainbow. The indescribable feeling of
wonder | had at that time gave me a strong sense of
curiosity with respect to the many unknowns of the
world. A few years later, | came by chance to know
that such a phenomenon is referred to as a halo. Since
then, whenever | stood at an important crossroad,

I would look up at the night sky and would find
myself looking right at a halo. For me, halos became
something of a valuable fortune teller for my own life.

My visit to the Kavli IPMU might very well have
been guided by such a halo. One of the research
groups | came to know here was working in pursuit

A workshop was held based on a theme: “To output images of landscapes
in the minds of researchers.” By means of an artistic approach, we tried

to visualize mathematical expressions familiar to researchers, in order to
conceptualize them through the writing out of keywords such as colors,
shapes, temperatures, flavors, style of research, the periods of time during
which researchers were able to concentrate. The picture represents the
author’s conceptualization of the zeta function.

of halos comprised of space’s mysterious and hugely
abundant dark matter. These kinds of halos are
different from phenomena of rainbows that | had
observed previously. | heard, however, that their
pursuit is an attempt to answer questions on the
effects of dark matter (which is still invisible entity

to mankind at present), on the surrounding space
through the analysis of gravitational lensing and other
phenomena. Surrounding our home, the Milky Way
galaxy, there is a spherical region wherein almost all
the matter contained is considered to be dark matter.
In astronomy, this region is referred to as the galactic
halo. | felt a strong sense of synchronicity towards
this phenomenon. During my creative activities,
synchronicity and inspiration are the most important
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| gave a presentation of my own paintings at my welcome party. The
researchers gathered there took an interest in paintings and models, both
created with a motif of prime numbers.

source of creativity. When | encountered these things,
| have repeatedly experienced the opening of a road
in front of me leading to the direction | was to go
next. When one bravely steps ahead into a frontier,
one often experiences unexpected intuition. My stay
at the Kavli IPMU was exactly such an occasion.

| am a painter. For this precious occasion, which
enabled me to directly come in touch with the
forefront of science, | set the following theme: “To
verify if it is possible to reproduce higher-dimensional

theory into a two-dimensional picture, and, if possible,

to find a method and a clue to do s0.” As you

know, painting is a world on a plane surface. Within
contemporary art, painting is already considered
classical. In a way, it is considered to be an almost
dead medium because every possible representation
has been exhausted. My own personal view is that
the discovery of non-Euclidean geometry (considered
to be a great turning point in the dramatic progress
of science in the nineteenth and twentieth centuries)
might be the remote cause of the death of painting.

Every day at tea time, | exchanged ideas with researchers using familiar
blackboards at the Kavli IPMU.

Techniques consummated by painters that allow for
the skillful reproduction of three-dimensional space
on a two-dimensional plane, went well with the
human sense of sight.

However, in the process of pursuing the more
fundamental aspects of nature over that which
is visible, a wide range of knowledge has been
accumulated in the field of science, which logically
introduces higher-dimensional entities that go beyond
our immediate human senses. From a certain point,
| think bearers of conventional painting, namely,
painters including myself, have not been able to keep
pace with the accumulation of concepts that have
been becoming more and more abstract. | cannot
help think that the present situation of contemporary
art (which is concentrated on the capitalism-based art
of marketing) shows that those who have dropped
out from the sphere of accumulation of human

Special
Contribution

knowledge are aiming to prolong the life of art based
on their own insider logic. | would like to breathe new
life into this kind of trend.



How can we understand the world of complex numbers? These images show the
appearance of three-dimensional space using dimension 2 X dimension 2 = dimension
4. Mathematicians have requested a logical “brush up” of these conceptualizations. This

constitutes an issue to be addressed going forward.

Toward unraveling the mystery of the distribution of prime numbers: an artist's conceptualization
of a project of trying to find regularity in the direction of unknown higher dimensions by launching
a rocket flying along the trajectory of a Peano curve (which can fill a higher-dimensional space),

with plotted positions of prime numbers along its trajectory.

Needless to say, theories at the forefront of modern
science are highly abstract, and all deal with the
invisible. At first, air, magnetic forces, and gravitational
forces, among other things, were also “invisible” to
us. | think it is thanks to the approach of visualizing
what is invisible (“visualize” in this case meaning to
“understand the nature of”), and the act of grasping
concepts, that science has accumulated knowledge
such as the world of elementary particles (which are
dictated by quantum mechanics), the world of super
strings (which unify everything), neutrinos (which

pass through the Kamiokande), dark matter (the
main component of matter in the Universe), as well
as other theories and concepts. Since the discovery
of non-Euclidean geometry, abstraction by means
of mathematical expressions has shown that we can
think over the concept of “dimensions”, which is
something that lies beyond our senses.

| want to learn this process, and in this way | want
to think over the essence of painting once again
based on present-day human knowledge. If we
want to capture the “beauty” of nature by looking
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Invisible Halo #h /2015 / 728x515mm / acrylic, silicone and glitter on panel

at its fundamental laws, we have to visualize what
is invisible after we painters have grasped these
concepts of higher-dimensional physical laws that
modern science presents.

| think that Galileo’s famous phrase “the Universe
is written in the language of mathematics” may be
interpreted as “only mathematical descriptions make
it possible to visualize what is invisible.” This time,
| wanted to hear by all possible means how most
researchers conceptualize these higher-dimensional
theories. In fact, | found that many researchers do
understand and “feel” invisible objects by means of
the language of mathematics, which they use as a
means for mutual communication. Higher dimensions
are invisible to researchers just as they are invisible
to us painters, though they deal with them every
day. What is peculiar about researchers is that they
do have a means to “see” what is invisible without
resorting to using their visual senses. This | think is
truly astonishing. It is probably the most creative and

most beautiful point that mankind has ever reached
with respect to the accumulation of concepts. How
can we capture the invisible halo? Mankind may not
be able to directly look at the fundamental “beauty”
that lies within nature through all eternity, but it may
be possible to capture the perceptive effects it creates
within the encompassing environment. | came to
believe firmly that for this purpose, we artists must
train in order to acquire the language of mathematics.
That is the only way.
I would like to thank Kavli IPMU Director
Murayama who showed a generous understanding
of this artist-in-residence program, Administrative
Director Haruyama, researchers who openheartedly
responded to my daily ideas, the administrative staff, Spedial
and, in particular, a member of the Kavli IPMU Public ~ Contribution
Relations group, Aya Tsuboi, who enthusiastically
coordinated and worked hard to make this program a
reality. | sincerely hope that interactions between the
arts and sciences will further develop hereon.
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TEA BREAK

Urashima Effect: a Version

Alexander A. Voronov

Professor, School of Mathematics, University of Minnesota

and Kavli IPMU Visiting Senior Scientist

We all know that when a human travels at a
speed close to the speed of light, time slows down
and so does the age process. If the travel speed
is close enough to the speed of light, time slows
more and more dramatically, almost to the point of
stopping entirely.

What is described in the tale about the young
fisherman Urashima Taro’s trip to the undersea
palace™ is evidence of visits of aliens to medieval
Japan during the Kamakura and Muromachi

Riding on the turtle’s back, Taro took in the beauty of the sea.
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The author performing stage one of the Urashima effect experiment:
fishing

periods. The aliens landed on Earth during the
early Kamakura era and took the young fisherman
on their spacecraft. Such extraterrestrial crafts at
that time looked like flying saucers and thereby
resembled the shape of a sea turtle. The aliens took
Taro along for a few circles around the Milky Way
at an unimaginable speed and performed nasty
experiments on the poor guy. They wanted to find
an explanation, obvious to any psychologist of the
Freudian school of thought today, why, instead of
beating on the outer shell of their spacecraft with
sticks, like the younger generation of humans did,
his brain took a different path and worked out a
scheme of purchasing the unidentified lying object
(ULO) for an undisclosed sum of money.

Before returning the young man to Earth a couple
of hours later, the aliens erased his memory and
filled it with images associated with having earthly
good time: feasting and drinking in the company
of beautiful young women in the surroundings of
apparent wealth. When the young fisherman came



back to Earth, it turned out that three hundred These days the effect of time dilation in the
years had elapsed, and the Muromachi shoguns theory of relativity is sometimes called the Urashima
had already established governance of the country. effect.

To Taro’s great dismay, his house and mother had

long been gone. He was of course still a young

man, perhaps just a couple of hours older. However,

relativity theory was not widely accepted in Japan

at that time, and the contemporary storytellers

could not admit that Taro had not aged; the risk

of their losing the trust of the population and the

shogunate was at stake. This is why they came up

with the ridiculous story of the beautiful lacquered

box that he had brought with him as a princess’ gift.

Some scientists at the Kavli Institute for the Physics

and Mathematics of the Universe at the University

of Tokyo still argue that the box was real and

realized the evil plan of the aliens to scatter dark

energy around our planet... Opening the box, Taro felt a dark energy he

did not understand, but saw nothing else
" https//en.wikipedia.org/wiki/Urashima_Tar%C5%8D inside.

DOV DD DD DID IO DI DI I IIIIOIIIIO OO OO OO OO OO OO oo oo oo oo oo

A play of Japanese fable Urashima Taro Story, portrayed by past researchers at the Kavli IPMU during their Japanese class™** Tea Bregie

completion ceremony held in January 2012. (From left) Jyotirmoy Bhattacharya as a child in the village, Mikhail Verbitsky as
Taro’s father, Marcus Werner as the princess, John Kehayias as Urashima Taro, and Valentin Tonita as the turtle.

**Kavli IPMU visitors have the possibility to study Japanese language and culture by taking Japanese classes with Masami Nishikawa, a Japanese
Instructor at the Kavli IPMU.
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Kavli IPMU PI Takaaki Kajita
Receives the 2015 Nobel Prize in
Physics

On October 6, 2015, the Royal
Swedish Academy of Sciences
announced it would award the 2015
Nobel Prize in Physics to Takaaki Kajita
in Japan and Arthur B. McDonald
in Canada “for the discovery of
neutrino oscillations, which shows
that neutrinos have mass.” Dr. Kajita
is Director of the University of Tokyo's
Institute for Cosmic Ray Research and
a Kavli IPMU Principal Investigator.
The Nobel Committee for Physics has
recognized his work carried out on
atmospheric neutrino oscillations at the
Kamiokande and Super-Kamiokande
detectors in Kamioka, which produced
definite proof that neutrinos have
mass.

8th External Advisory Committee
Meeting

On July 24, 2015, the 8th Meeting
of the Kavli IPMU External Advisory
Committee was held. News about the
Kavli IPMU receiving a WPI funding
extension, and how the institute
plans to use the extension to tackle
competitive challenges were reported
to Chairman Steve Kahn (Stanford/
SLAC), and committee members John
Ellis (King's College London), Young-
Kee Kim (University of Chicago),
Sadayoshi Kojima (Tokyo Institute
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of Technology), David Morrison (UC
Santa Barbara), and Sadanori Okamura
(Hosei University). This time, one of
the committee members Nigel Smith
(SNOLAB) was absent. The Committee
also discussed topics such as future
support from the University of Tokyo,
and the importance of raising the
profile and goal of the WPI program
for Japan’s future.

Fig. 1

Director Murayama presenting an overview to the
External Advisory Committee members.

Hyper Suprime-Cam’s First Dark
Matter Map Created

An international team of researchers
including the National Astronomical
Observatory of Japan, Kavli IPMU, and
Princeton University released a dark
matter map they had created using the
Hyper Suprime-Cam (HSC). This is the
first scientific research result produced
by HSC. The high-powered HSC
mounted on the Subaru Telescope in
Hawaii allowed researchers to study
2.3 square degrees of night sky in
great detail, revealing nine clumps of
dark matter, each weighing as much
as a galaxy cluster. The result was
published in the July 1 edition of the
Astrophysical Journal.

Second and Third Lectures at
the “Science Café Universe 2015"
Attract Crowds

Inside the giant planetarium
at Tamarokuto Science Center in
Nishitokyo City on July 5, Kavli
IPMU Professor Naoki Yoshida gave
a talk titled “Exploring the Milky
Way: Intersection between Modern
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Cosmology and Cosmoarchaeology” to
around 50 guests, many of them being
junior high school and high school
students. Starting with the Tanabata
(the July 7 star festival) legend of
Japan and China, Professor Yoshida
talked about from the Milky Way
galaxy to the large-scale structure of
the universe, while projecting images
onto the entire planetarium dome.

On July 12, this year’s science
café series ended with a session on
“Differential Geometry of Shapes: Soft
Shapes and Solid Shapes” by Kavli
IPMU Assistant Professor Tomoyuki
Abe. The 40 or so guests, of which
about half were junior high school
or high school students, not only
heard the lecture but also learned
about manifolds by passing around
models of shapes, and working on
solving equations together. Professor
Abe concluded his lecture by briefly
addressing the link between geometry
and general relativity.

Fig. 2

Naoki Yoshida's Q&A session took place outside the
planetarium.

Tomoyuki Abe giving a lecture.
Booth at the 2015 Super Science
High School Student Fair

At the peak of summer, all nine
institutes in the World Premier



International Research Center Initiative
(WPI) family, including the Kavli IPMU,
spent two days meeting students at
the 2015 Super Science High School
Student Fair (August 5 — 6). The WPI
booth was one of 300 booths present
at this year’s fair. Curious students
came up to Kavli IPMU staff asking
what kind of research is being carried
out to understand the Universe, and
what they would need to study to join
the Kavli IPMU in the future.

Women in Science Event
Encourages Students to Pursue
Research

Teenagers and their parents were
invited to hear what sort of research
women scientists carry out today,
and to take part in experiments of
their own during a science event co-
hosted by the Institute for Cosmic Ray
Research (ICRR) and the Kavli IPMU on
August 22, 2015. Thirty-eight junior
high school and high school girls
listened to ICRR Assistant Professor
Michiko Oishi’s talk, “Looking for the
Origin of Cosmic Rays,” and Kavli
IPMU Postdoctoral Researcher Yuki
Moritani’s talk, “Blackholes or Pulsars?
Uncovering the Secret behind Gamma-
Ray Binaries.” Students also assembled
a miniature model of an atmospheric
Cherenkov telescope array with small
parabolic mirrors, and tried their own
group experiment using laser light
source to see which group could
make the most accurate observations.
Students commented that they were
grateful to be given the chance to talk
with speakers.

The event provided the 20 or so
parents the chance to ask Dr. Moritani
and Kavli IPMU project academic
support specialist Tomoko Morii about
how choosing science as a career
has affected them, and what they
should do to support their daughters.

A number of parents commented

Kavli IPMU Seminars

they were able to get a better image

of what a woman scientist does, and 1.
some of them kept asking questions

even after the event had finished.

Fig. 4

Conversations at the Kavli IPMU's Fujiwara
Interaction Area.

Contemporary Artist Stays at the
Kavli IPMU

Under the Kavli IPMUs first
artist-in-residence program,

contemporary artist Yasuo Nomura 4.

stayed at the institute from August

17 to September 11, 2015. Nomura
spent his time taking part in tea time
and seminars. At his welcoming party,
around 20 Kavli IPMU researchers
were treated to his presentation about
how he turns Ulam spirals into two-
dimensional pieces or art. Around

10 researchers took part in a tour of 5.

Nomura’s temporary art workshop,
where he introduced sketches of
pictures he had made that were
influenced by the institute, and further

five researchers tried their own hands 6.

at drawing in Nomura’s art workshop.
Some researchers requested the art
workshop be extended from a few
hours to a few days. A number of
researchers also said art helped to
give them a different perspective to
look at their research. “Every day |
find something new. It is a perfect

environment to stimulate work,” said 7.

Nomura. Hopefully this will be a start
to a long collaboration between art
and science.

“Can we explain AMS-02
antiproton and positron excesses
simultaneously by nearby
supernovae without pulsars nor
dark matter?”

Speaker: Kazunori Kohri (KEK)
Date: Jul 01, 2015

“Not-so-simple stellar populations
in nearby, resolved massive star
clusters”

Speaker: Richard de Grijs (KIAA)
Date: Jul 02, 2015

“How does the black hole nature
arise in supersymmetric gauge
theories at strong coupling?”
Speaker: Takeshi Morita (Shizuoka
U)

Date: Jul 03, 2015

“(Daniele Faenzi) Homological
projective duality for determinantal
varieties (Zheng Hua) Some
geometric problems associated to
the elliptic sklyanin algebras”
Speaker: Daniele Faenzi
(Bourgogne U) and Zhen Hua
(HKU)

Date: Jul 06, 2015

“Study of dense QCD matter

and its application to physics of
compact stars”

Speaker: Motoi Tachibana (Saga U)
Date: Jul 06, 2015

“(Daniele Faenzi) Homological
projective duality for determinantal
varieties (Zheng Hua) Some
geometric problems associated to
the elliptic sklyanin algebras”
Speaker: Daniele Faenzi
(Bourgogne U) and Zhen Hua
(HKU)

Date: Jul 07, 2015

“Hunting with CHITAH:
Gravitationally Lensed Quasars for
Cosmology”

Speaker: Sherry Suyu (ASIAA)
Date: Jul 07, 2015
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“Memories of a Planet (Q&A
Session to be followed)”

Speaker: John Hernlund (ELSI)
Date: Jul 08, 2015

“Matter Effect from Non-Standard
Interactions of the Neutrino”
Speaker: Tatsu Takeuchi (Virginia
Tech)

Date: Jul 08, 2015

. “Cosmological constraints

from weak lensing: present
measurements and future
challenges”

Speaker: Fabian Kohlinger (Leiden
Observatory)

Date: Jul 09, 2015

. "R Parity Violation From Discrete

R Symmetries and Recent Nucleon
Decay Searches in the Super-
Kamiokande Experiment”
Speaker: Volodymyr Takhistov (UC
Irvine)

Date: Jul 15, 2015

. “B Physics: New Physics and the

Next Generation”

Speaker: Thomas Browder (Hawaii
U)

Date: Jul 22, 2015

. “The future of collider physics”

Speaker: Nima Arkani-Hamed (IAS)
Date: Jul 22, 2015

. “The Amplituhedron”

Speaker: Nima Arkani-Hamed (IAS)
Date: Jul 23, 2015

. “Initial results from a new

AKARI/IRC data analysis pipeline
optimised for extragalactic deep

field images”

Speaker: Helen Davidge (Open U)
Date: Jul 23, 2015

. “LHC at 13 TeV: First collisions and

future prospects”
Speaker: Young-Kee Kim (U
Chicago) and John Ellis (KCL)
Date: Jul 23,2015

. “Pseudo-Observables in Higgs

decays”
Speaker: Gino Ishidori (UZH)

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.
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Date: Jul 27, 2015

“Grassmann Matrix Quantum
Mechanics”

Speaker: Dionysios Theodoros
Anninos (IAS)

Date: Jul 27, 2015

“Extremal chiral ring states in
AdS/CFT are described by free
fermions”

Speaker: David Berenstein (UC
Santa Barbara)

Date: Jul 29, 2015
“Phenomenology of the Higgs
Triplet Model at the LHC”
Speaker: Andrew G. Akeroyd (U
Southampton)

Date: Jul 29, 2015

“Around de Jong's conjecture”
Speaker: Ambrus Pal (Imperial
College London)

Date: Jul 29, 2015

“Observing the First Stars with 21-
cm Cosmology”

Speaker: Rennan Barkana (Tel Aviv
U)

Date: Jul 31, 2015

“Holographic quantum error-
correcting codes: Toy models
for the bulk/boundary
correspondence”

Speaker: Beni Yoshida (Caltech)
Date: Aug 03, 2015

“Finding nice generators for braid-
like groups”

Speaker: Tathagata Basak (lowa
State U)

Date: Aug 04, 2015

“Probing spectral bounds from
modular bootstrap”

Speaker: Joshua Qualls (NTU)
Date: Aug 04, 2015

“Multiple Lagrangian Intersections”

Speaker: Oren Ben-Bassat (U
Oxford)

Date: Aug 05, 2015

“Particle cosmological probes on
light dark matter”

Speaker: Kenji Kadota (IBS, Korea)

October 2015

28.

29.

30.

31

32.

33.

34.

35.

36.

Date: Aug 05, 2015

“N=(4,4) gauged linear sigma
model for exotic five-brane”
Speaker: Tetsuji Kimura (Tsukuba
)

Date: Aug 06, 2015

“The Higgs mechanism at the
graviton level: The Vainshtein
mechanism in time domains”
Speaker: Ivan Arraut (Tokyo Univ
of Science / CAS)

Date: Aug 11, 2015
“High-Precision Modeling of
Cosmological Structure Formation:
a Community-Driven Approach
with Halotools”

Speaker: Andrew Hearin (Yale U)
Date: Aug 12, 2015

“Boundary effect of anomaly-
induced action”

Speaker: Che-Min Shen (LeCosPA)
Date: Aug 12, 2015
“Coronagraphic Imaging of
habitable exoplanets”

Speaker: Olivier Guyon (NAO)J
Hawaii Observatory)

Date: Aug 24, 2015
“Hyperscaling-violating Lifshitz
hydrodynamics from black-holes”
Speaker: Yoshinori Matsuo (Crete
u)

Date: Aug 27, 2015

“The BV and MV formalism for the
Quantum Master Equation”
Speaker: Alexander Voronov (U
Minnesota)

Date: Sep 01, 2015

“The CMS excess and lepton
flavour violation in the
(supersymmetric) inverse seesaw”
Speaker: Cedric Weiland
(Universidad Auténoma de Madrid)
Date: Sep 02, 2015

“Galactic Rotation Curves with
Dark Matter Self-Interactions”
Speaker: Ayuki Kamada (UC
Riverside)

Date: Sep 03, 2015



37. “Heavy Higgs searches in a Higgs-
portal B-L Model”
Speaker: Banerjee Shankha (Harish-
Chandra Research Inst)
Date: Sep 04, 2015

38. “Schubert, Dunkl, Grothendieck,
Givental and Gromov and Witten
Calculi for flag varieties”
Speaker: Anatol Kirilov (Kyoto U)
Date: Sep 10, 2015

39. “Frozen”
Speaker: Yuiji Tachikawa (U Tokyo)
Date: Sep 11, 2015

40. “The Verlinde Formula in
logarithmic conformal field theory”
Speaker: Simon Wood (ANU)
Date: Sep 16, 2015

41. “Two Higgs Doublets under Non-
Abelian SUQ)_H"
Speaker: Wei-Chih Huang (TU
Dortmund)
Date: Sep 25, 2015

42. “Resurgence, exact quantization
and complex instantons”
Speaker: Gokce Basar (U Maryland)
Date: Sep 28, 2015

43. “CMS recent results & Higgs CP
study using H—tau tau final state”
Speaker: Yuta Takahashi (CERN,
CMS collaboration)
Date: Sep 28, 2015

44. “Dimensions of derived categories
of commutative rings”
Speaker: Ryo Takahashi (Nagoya U)
Date: Sep 28, 2015

45. “Unitarization of gravity scattering
amplitude”
Speaker: Yu-tin Huang (National
Taiwan U)
Date: Sep. 29, 2015

46. “Cosmic Reionization On
Computers”
Speaker: Nick Gnedin (Fermilab / U
Chicago)
Date: Sep 30, 2015

Personnel Changes

Reappointment

Yu Nakayama was appointed as
a Kavli IPMU Postdoctoral Fellow on
September 1, 2015. He had been at the
Kavli IPMU from September 1, 2011
to August 31, 2012 and September
1, 2013 to August 31, 2014 as a Kavli
IPMU Postdoctoral Fellow. He then
stayed at the Division of Physics,
Mathematics and Astronomy, the
California Institute of Technology as a
Shirman Fairchild Research Assistant
Professor.

Miho N. Ishigaki was appointed as
a Kavli IPMU Postdoctoral Fellow on
September 1, 2015. She had been at
the Kavli IPMU from April 1, 2013 to
August 31, 2015 as a JSPS Postdoctoral
Fellow.

Atsushi Shimono was appointed as
a Kavli IPMU Postdoctoral Fellow on
August 1, 2015. He had been at the
Kavli IPMU from September 1, 2011 to
July 31, 2015 as a Kavli IPMU Academic
Support Specialist.

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
Claire Nicole Lackner [September
1,2012 — May 31, 2015] moved to
Element Analytics in the US as a Data
Scientist.

Kavli IPMU Postdoctoral Fellow
Jonathan David Maltz [September 16,
2013 — September 17, 2015] moved to
the University of California, Berkeley as
a Postdoctoral Researcher.

Kavli IPMU Postdoctoral Fellow
Charles Milton Melby-Thompson
[September 1,2012 — September
20, 2015] moved to Fudan University
in China as a Postdoctoral Research

Fellow.

Kavli IPMU Postdoctoral Fellow
Rene Meyer [September 8, 2012 —
September, 30, 2015] moved to Stony
Brook University as a Postdoctoral
Associate.

Kavli IPMU Postdoctoral Fellow
Satyanarayan Mukhopadhyay [October
1,2012 — September 30, 2015]
moved to the Department of Physics
and Astronomy, the University of
Pittsburgh as a Postdoctoral Fellow.

Kavli IPMU Postdoctoral Fellow
Mauricio Andres Romo Jorquera
[July 16,2012 — September 15, 2015]
moved to the Institute for Advanced
Study as a Postdoctoral Researcher.

Kavli IPMU Postdoctoral Fellow
Charles Martin Siegel [August 16,
2015 — August 15, 2015] moved to the
U.S. Department of Energy's Pacific
Northwest National Laboratory as a
Postdoctoral Fellow.

JSPS Postdoctoral Fellow David
Alexander McGady [May 1, 2015 —
August 31, 2015] returned to Princeton
University.

JSPS Postdoctoral Fellow Hironao
Miyatake [April 1, 2014 — August 31,
2015] moved to the California Institute
of Technology/NASA Jet Propulsion
Laboratory as a Postdoctoral Fellow.

JSPS Postdoctoral Fellow Natsumi
Nagata [April 1,2014 — August
31, 2015] moved to the University
of Minnesota as a Keith A. Olive
Postdoctoral Fellow.
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Entanglement Entropy
Tadashi Takayanagi

Professor, Yukawa Institute for Theoretical Physics, Kyoto University,
and Kavli IPMU Visiting Senior Scientist

Since in quantum mechanics we interpret a particle as a wave, we can take a linear
combination of physical states. For example, let us consider a system with two spins
of electrons. For the first example, we can think of a state (|'¥';) in the figure below)
defined by the condition that one of the two spins is up (called spin A), while the other
is down (called spin B). Such a direct product state is a classical state. On the other
hand, we can consider another state (|'¥',)) obtained by taking a linear combination

of the previous state and its opposite state with equal weight, which is called an EPR
pair. Such a state which cannot be written as a direct product state has a non-zero
correlation between A and B and thus has quantum entanglement. Even though the
total state is uniquely fixed, if we look at its subsystem, there is ambiguity on which
state is realized. A quantity which measures the amount of quantum entanglement

is entanglement entropy S,, which is defined as the von Neumann entropy for the
reduced density matrix. This estimates how many EPR pairs can be extracted from the
entanglement between A and B.
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“Kavli IPMU-Durham-KIAS Workshop:
New Particle Searches Confronting the First
LHC Run-2 Data’
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Invisible Halo #h /2015 / 728x515mm / acrylic, silicone and glitter on panel
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