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Surhud More is an Assistant Professor at the Kavli IPMU. He
graduated from the Indian Institute of Technology Bombay
in May 2005. He received his Ph.D (Dr. rer.nat) from the Max
Planck Institute for Astronomy in July 2009. He became a
MPIA Postdoctoral Researcher at the Max Planck Institute
for Astronomy in July 2009, and the Kavli Institute for
Cosmological Physics Fellow at the University of Chicago in
November 2009. He then became a Postdoctoral Fellow at
the Kavli IPMU in September 2012. Since 2014, he has been
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Director’s Corner

Director of Kavli IPMU

Hitoshi Murayama at Work Hitoshi Murayama

January 13: Lecture at Yamanashi Eiwa Junior and Senior High School. (Photos: Courtesy of Yamanashi Eiwa Junior and Senior
High School)

March 25 and 26: Opening address (left) and a talk (right) entitled, “Life after Higgs: New SUSY Breaking and New Dark
Matter,” at the Conference on “Key Aspects in Exploring Road to Unification (KAERU Conference),” held at the Kavli IPMU.

- .

Director’s
Corner

March 26: With hlgh school students a lecturer, and teachmg
assistants at the “Spring Science Camp 2015: A challenge . =
to Unravel the Mystery of the Universe through Astronomy, March 26: With administrative officers who are leaving the
Physics and Mathematics,” held at the Kavli IPMU. Kavli IPMU.




FEATURE

Kavli IPMU Assistant Professor SU I’h u d M (@) re

Research Area: Astrophysics and Cosmology

Using Galaxies to Shed Light on the Dark

Universe

1. The Dark Universe

The grandeur of the night sky has bedazzled
mankind from time immemorial. Human curiosity
has lead us on a quest to understand fundamental
questions about the nature of the Universe, its
origin and its fate. Astrophysical observations
remain at the front and center in this quest. They
have continued to unravel a number of dark
mysteries that the Universe holds in store for us.

The most puzzling of the many astrophysical
discoveries so far, has been the existence of
dark matter and dark energy. Dark energy is
an omnipresent, nonclumpy form of energy
(traditionally attributed to the vacuum), while
dark matter is composed of slow-moving matter
particles, which do not interact electromagnetically.
These two components dominate (accounting
for nearly 95%) the energy density budget of the
cosmos over that of ordinary matter which we have
explored and mastered very successfully so far with
laboratory experiments (such as those carried out
with particle accelerators like the Large Hadron
Collider, LHC).

What is the nature of dark matter and dark
energy, what are their properties, and how do they
relate to ordinary matter? Do these components
truly exist, or are they a result of an incomplete
theory of gravity on cosmological scales? These

questions lie at the interface between particle
physics and cosmology and are at the prime

focus of ongoing research. The Kavli IPMU is
undertaking a multi-pronged approach to attack
these problems by astrophysical observations and
laboratory experiments, which can be used to build
a theoretical understanding of these mysterious
components of nature.

2.The Early Universe and the Birth of
Galaxies

In the simplest concordance cosmological model,
the early Universe started very hot and dense. It
underwent a rapid phase of inflation where the tiny
fluctuations of a quantum field were stretched to
cosmologically large scales. These fluctuations were
imprinted onto the density field of dark matter
particles. The fluctuations in dark matter grew by
the action of gravity and led to the formation of
structure in the Universe.

The growth of these fluctuations can be studied
with the help of computer simulations. This topic
has been previously covered in the Kavli IPMU
News (see feature article by Naoki Yoshida in the
September 2014 edition). The statistics of the dark
matter distribution on the largest scales is governed
by a number of important cosmological parameters,
such as the amount of matter in the Universe, the
amplitude of initial density fluctuations. Mapping

4 Kavli IPMU News No.29 March 2015



Quantum fluctuations

CMB fluctuations

Dark matter fluctuations

-

l4

The Universe

i

(=

Galaxies

l Gravity +

Gas physics

Figure 1. Cosmic inflation results in a nearly homogeneous Universe, seeded with tiny primordial fluctuations. These tiny fluctuations
are imprinted onto the matter distribution. A snapshot of these fluctuations about 380000 years after the big bang can be observed
by looking at the cosmic microwave background radiation (see feature article by David Spergel in IPMU News No. 10, June 2010).
The dark matter fluctuations grow to form a cosmic web structure which forms the backbone of structure in the Universe. Complex
astrophysical processes then result in the formation and evolution of galaxies. Intelligent life can arise in such galaxies which can then

observe the Universe and unravel its history.

out the growth of these fluctuations with time is
important to understand the temporal behavior of
dark matter and dark energy. But since dark matter
does not emit light, it is hard to detect. Fortunately,
we have galaxies which emit lots of light and can
be detected out to large distances. How are these
galaxies then related to the dark matter?

Dark matter particles clump together to form
gravitationally bound objects (we will call them
dark matter halos). These clumps come in a variety
of shapes and sizes, there are numerous small
ones, but the big ones are relatively rare. Baryons
(primarily primordial gas clouds) are attracted
towards the center of the gravitational potential
of these dark matter halos. Places which are rich in

dark matter attract more baryons towards them.
The baryons undergo a series of complex
astrophysical processes (such as radiative cooling,
star formation and feedback) and eventually form
galaxies such as our own galaxy, the Milky Way.
On the largest scales, the galaxy distribution
is expected to trace the dark matter distribution
just due to gravity: wherever there is a lot of dark
matter, we expect more and brighter galaxies to
form. Galaxies can therefore be used to probe
the structure of the dark matter distribution,
and its growth in time, thereby improving our
understanding of the nature of dark matter and
dark energy.
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Millenium simulation, Springel et al. 2005
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Figure 2. The expected distribution of galaxies (left) and the corresponding distribution of dark matter (right) today in

the concordance cosmological model. The dark matter distribution was obtained by running large computer simulations.
Semi-analytical recipes for the physics of the galaxy formation and evolution were implemented to predict the distribution
of galaxies in the dark matter structure. The galaxy distribution traces the dark matter distribution on large scales.
Observations of galaxies at different cosmic epochs can be used to study the growth rate of structure in dark matter.
Measurements of the growth of structure can help us understand the nature of dark matter and dark energy.

3. The Clustering of Dark Matter Halos

Since galaxies live in dark matter halos, it is
important to understand how halos are related
to the dark matter distribution. Dark matter halos
form at the peaks of the density distribution. Most
massive halos form at the rare, large scale peaks of
the density field. The distribution of such massive
halos is highly clustered compared to the low mass
halos. This behavior is qualitatively similar to that of
the highest mountain peaks that we find on earth.
The chance of finding a mountain peak at close
proximity to another one is very high (all mountain
peaks with height greater than 7200m are located
in the region of the Himalayas). Therefore one gets
a biased view of the dark matter distribution by just
studying the peaks of the density field. Fortunately,
one can also predict the distribution of dark matter
halos and quantify its dependence on the mass
of halos. This exact dependence of the clustering
amplitude on halo mass is also a sensitive probe
of cosmology (see Figure 3). In observations, one
can substitute galaxies for halos, and measure their
clustering amplitude. Additional measurements of

the mass of the halos of these galaxies can then
yield cosmological constraints.

4. Galaxy Observables

4.1 Galaxy Clustering

Astronomers all over the world are carrying out
large galaxy surveys to map the distribution of
galaxies on large scales. One of the prime examples
is the Sloan digital sky survey (SDSS), which has
recently concluded its third incarnation (SDSS-III).
They obtain accurate positions of galaxies in the
plane of the sky via imaging data, as well as along
the radial line-of-sight using the shift of galaxy
spectral lines towards the red side of the spectrum
(redshift). This results in a three dimensional map of
galaxies in space.

Using this data, the clustering of galaxies can be
guantified with one of the simplest spatial statistics,
the two-point correlation function. The correlation
function quantifies the excess probability to find
two galaxies separated by a given distance over
that if they were distributed randomly. If galaxies
cluster strongly, then one should be able to find a
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Figure 3. The clustering amplitude of dark 40
M

matter halos of different mass depends upon
cosmological parameters such as the amount
of matter density in the Universe. More matter
in the Universe results in a smaller amplitude
of clustering for the same mass of dark matter
halos. Galaxies live in dark matter halos. By
measuring the clustering of galaxies, we can
measure the clustering of their dark matter
halos. The weak gravitational lensing effect
around these galaxies can be used to measure
their halo masses. Together such observations
can constrain cosmological parameters (see
Figure 4). (Image adapted from S. More et al,,
"The Weak Lensing Signal and the Clustering
of BOSS Galaxies II: Astrophysical and
Cosmological Constraints," arXiv:1407.1856;
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large number of pairs of galaxies at relatively short
distances from each other. We have measured the
clustering signal of galaxies from the SDSS-IIl survey
with very high fidelity. This gives us the amplitude
of the clustering of halos in which these galaxies
reside. But how to determine the mass of the halos
of these galaxies?

4.2 Gravitational Lensing

In ordinary life, we experience that light always
travels in straight lines. It was Einstein’s great insight
that the path of light rays could be significantly
distorted if it passed near a very massive object.
This phenomenon called gravitational lensing
has turned out to be an extremely useful tool in
astrophysics. It can be used to detect and measure
dark matter simply by quantifying the bending of
light. Gravitational lensing in its strongest form
results in beautiful mirages in the Universe, such
as galaxies morphed into thin elongated arcs, or
sometimes even resulting in multiple images of

Dark matter mass (in solar masses)

single galaxies (or even objects like supernovae).

In its weak form, lensing due to intervening mass
causes spherical objects to look elliptical. The minor
axis of this ellipse is oriented in the direction joining
the object and the intervening mass. By measuring
this coherent ellipticity signal, we can measure the
dark matter distribution around galaxies, and thus
the masses of their dark matter halos.

For carrying out such measurements around the
galaxies, we need to find surrounding background
galaxies and measure their shapes. This is a very
difficult task as the background galaxies are faint. A
large amount of telescope time is needed to image
these galaxies with a quality which is good enough
to measure their shapes.

We have carried out such measurements
using the deep imaging data around SDSS-II
galaxies obtained by the Canada France Hawaii
Telescope Legacy Survey ™. This data can then be
used to understand the dark matter distribution
surrounding these galaxies, in particular the mass of

* www.cfht hawaii edu/Science/CFHTLS/
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— Figure 4. We have measured the clustering
amplitude of galaxies from the SDSS-III
Baryon oscillation spectroscopic survey
(BOSS). (H. Miyatake et al., "The Weak
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Lensing and Clustering of BOSS Galaxies

I: Measurements," arXiv:1311.1480; to be

= published in Astrophysical Journal) The

1 masses of the halos of these galaxies were
measured by using the weak gravitational
lensing effect. These measurements allowed

- us to obtain cosmological constraints on the
matter density parameter and the amplitude
of density fluctuations in the Universe today

] (magenta contours show the 68 and 95

= percent confidence regions). We can compare
our results with those obtained by the analysis
of CMB observations in the very early Universe
using the Planck satellite. The consistency and
- complementarity of the two results: the former
based on non-linear gravitational physics in the
late Universe, and the latter based on physics
in the very young Universe, is remarkable.

- (Image adapted from S. More et al., "The Weak
Lensing Signal and the Clustering of BOSS

i Galaxies II: Astrophysical and Cosmological

{ Constraints," arXiv:1407.1856; to be published

—_
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Matter density parameter (),

their dark matter halos.

5. Cosmological Concordance

It is important to test the current cosmological
model using a variety of observables. It not only
establishes confidence in the model, but also implies
that the current description is a very reasonable
approximation of the reality, even though it may
not completely represent the true underlying reality.
Some of the main observations which support the
current cosmological model are those of the cosmic
microwave background (CMB) and the distance
redshift relation obtained from observations of
supernovae of Type la (SNela) and baryon acoustic
oscillations (BAO).

Using the amplitude of the galaxy clustering
and the dark matter halo mass, we can also infer
constraints on the cosmological parameters such
as the amount of matter density in the Universe
and the amplitude of the initial density fluctuations.

in Astrophysical Journal.)

These constraints give a consistent picture of the
Universe and are often of a complementary nature
to the CMB, BAO, and SNela measurements.

6. The Future Is Here!

The Hyper Suprime-Cam instrument on the
Subaru telescope in Mauna Kea, Hawaii is an
engineering marvel. It consists of a wide field of
view and has the world’s biggest camera on any
astronomical telescope. A large imaging survey was
started last year in March 2014 with the help of
this instrument. The aim of this survey is to provide
high quality imaging at unprecedented depths over
large area of the sky. The survey, once complete,
will make it possible to construct a dark matter map
from weak lensing observations. It will enable a lot
of exciting research in areas of astrophysics and
cosmology. | am looking forward in particular to
revisiting the weak lensing of the SDSS-IIl galaxies
in light of this new data. Joint analyses of clustering
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Figure 5. The Hyper Suprime-Cam (HSC) instrument is a large digital camera

built by the National Astronomical Observatory of Japan in collaboration with international

academic and industrial partners including the Kavli IPMU (see Kav/i IPMU News No. 23, pp.10-13.

The camera is installed on the 8.2 m Subaru telescope at Mauna Kea, Hawaii. It is currently carrying out a large
galaxy imaging survey as part of a Subaru Strategic Program. The HSC survey, once complete, will cover 1400 sq deg
of sky at unprecedented depths. (Image credit: NAOJ)
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and weak lensing of galaxies like the one presented is extremely important to shed light on the nature
in this article can be performed at different epochs, of dark energy, one of the principal goals of the
tracing the growth of structure in the Universe. This survey. Exciting times surely lie ahead!



Interview

with Rashid Sunyaev

Interviewer: Naoki Yoshida

How to Become an
Independent Scientist

Sunyaev: This institute is
great.

Yoshida: Thank you.
Sunyaev: It was very
interesting to see it.
Yoshida: Everything is
going well, including a large

Rashid Sunyaev is a Chief Scientist
of the Space Research Institute, the
Russian Academy of Sciences (since
1992) and a Director of the Max
Planck Institute for Astrophysics
(since 1996). He received Candidate
of Sciences (equivalent of Ph.D.)

in 1968 and Doctor of Sciences
(astrophysics) in 1973 (this degree
is required in Russia to become

full professor), both from Moscow
University. He also received a title of
Professor of Astrophysics from the
Superior Attestation Commission
of the USSR Council of Ministers

in 1987. He became a Professor at
Moscow Institute for Physics and
Technology in 1975. He was Head
of the Laboratory of Theoretical
Astrophysics in 1974 — 1982, and
Head of High Energy Astrophysics
Department in 1982 — 2002, both
at the Academy of Sciences Space
Research Institute. He became a
corresponding member of the
USSR Academy of Sciences in 1984,
and has been a full member of the
Russian Academy of Sciences since
1992. He received the Crafoord Prize
in Astronomy in 2008, Kyoto Prize
in 2011, Benjamin Franklin Medal

in Physics in 2012, and many other
distinguished awards.
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astronomical survey, Subaru
Hyper Suprime-Cam survey.
Sunyaev: Are you participating
in it?

Yoshida: Yes, and we will get
real data and real results very
soon.

Sunyaev: Very good. |
remember that you were
working at the Max Planck
Institute for Astrophysics.
Yoshida: As a student.
Sunyaev: You are now
working at the Hongo
campus. Are you working in
the Department of Physics,
not in this institute?
Yoshida: | spend 60% of my
time at the Department, and
40% here.

Sunyaev: It's good sharing,
okay.

Yoshida: Yes. | can conduct
researches here at the Kavli
IPMU. Okay, let me ask

you about some questions
today. The first question is
about “independence.” One
particular thing | wanted to
ask you is how to become an
independent scientist. At what
occasion did you first realize
or become confident enough
that you would be a good
scientist?

Sunyaev: It’s a very difficult
question. | have never
thought about it, but it's my



impression that there was a
moment when | recognized
that | wished to become

a scientist. It was a very
important moment, because
when you're a student, you
don’t know what you are
interested in, but there is a
great difference between the
interest and the belief that
you really should do this.
Yoshida: Yes.

Sunyaev: The second moment
is when you're really starting
to be confident that you're
able to do this — Is this what
you ask?

Yoshida: Yes, something like
it.

Sunyaev: | was working with
Yakov Zeldovich in his group
at the Institute of Applied
Mathematics, USSR Academy
of Sciences. He was an
extremely strong and bright
scientist, very well recognized
and very broad in his interests.
He was sending me to
different people to discuss
science, recommending me
to work with them also. Very
rapidly | recognized that
there are different grades of
strong scientists. Zeldovich is
a very high-grade scientist.
There are people who are
working in very narrow fields
of science and who know

very well those narrow fields.
And then | recognized that

| can be strong in some
fields even on the level of
those who were already full
professors at that time, by
just interacting with people
to whom Zeldovich sent

me to discuss things which
we were doing, and trying

to get their advice on the
concrete very narrow subject.
This was important. Then |
started to work with some

of these people, for example,
these experimentalists.
Experimentalists are great. |
admire them because their life
is much more difficult than
life of theoreticians. Anyway,
at some moment, you have

a pleasure recognizing that
you might be extremely useful
for these experimentalists.
You come to them and tell
that it's possible to use their
data for this and that, and try
to interpret their data in the
best way. Then you see that
you can find your own niche

Naoki Yoshida is a Professor at the
School of Science and Kavli IPMU,
the University of Tokyo. After having
graduated from the University of
Tokyo in 1996, he completed his
doctoral course in the Max Planck
Institute for Astrophysics in 2001
and received a Doctorate in Natural
Science from Munchen University in
2002.
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and that in this niche, you're
strong.

Yoshida: You found the value
of yourself as-+-

Sunyaev: It's not only the
value. | also understood the
niche in which I was able to
compete with many people
rather successfully. | was
very happy and Zeldovich
also recognized this. Written
together with Zeldovich,
some of our papers became
so successful. Sometimes,

I am thinking why, and

my impression is that one

of the reasons was the
following. At a very early
stage | recognized that I'm
interested in how to make the
result of a theory observable.
Many theoreticians around
me were working only in
theory, for theory, for further
development of theory. | also
found my niche to find what
is possible to observe.
Yoshida: Interesting.
Sunyaev: This made my life
much more interesting. |

also recognized that it was
possible to work not only
with Zeldovich; | can be rather
independent. This was also
very useful. He was pleased
when | was also working with
other people, young people
like a friend of mine Nikolay
Shakura — we were working
on the accretion onto the
black holes. | had many
strong students. I'm very
grateful to them, not only
because students are useful,
but also because working
with strong students is a
pleasure. Students contribute
a lot, but if students are

strong, you're also learning

a lot from them. They're not
so busy and they learn much
more rapidly than you. At
some moment, they're starting
to be competitive. | think

it's very useful to work with
young people. You should
really do this.

Yoshida: | see. Was that
roughly when you were 30
years old?

Sunyaev: | think it was close
to the age of 25-27.

Yoshida: Okay. Then, did you
become so self-confident?
Sunyaev: | think | did. I also
tell you this. At the beginning
when | started to work with
Zeldovich, he was rather
tough when | was not doing
something very rapidly
because of difficulties.

He was showing that he has
no time to speak with me
and sometimes he was not
recognizing me. For me, it was
really very, very bad feeling.
Yoshida: | understand.
Sunyaev: But, when you
were getting new results and
coming to tell him, “I have
new results,” he immediately
got ecstatic, telling “Okay, let’s
discuss.” Then, | understood
that maybe his behavior was
just a way to demonstrate his
intention to make me work
more hard.

Yoshida: To prompt or
motivate you.

Sunyaev: Yes, motivating, but
this was a rather tough way of
motivating. At some moment,
| also recognized that he was
also happy to work with me.
This was a great feeling. He
was interested in you; he was

so strong and so well known.
This also showed you that
you are not absolutely the last
person in the world. This was
good.

Yoshida: Okay, | think your
story is very encouraging to
young people and that’s why
| wanted to ask this question
to you.

Relation between a
Supervisor and a Student

Sunyaev: It's important. But,
you know, life is changing.
The behavior of people is
changing and the relation
between a supervisor and a
student is now very different
from that in the time when

| started. Also, the American
way of interactions or Anglo
Saxon way of interactions
between professors and
students is very different from
that which was accepted in
Russia and Soviet Union when
| was young.

Yoshida: In Russia and Soviet
Union, | suppose it was more
like a mixture, more like a
family style and also like in

a more hierarchical, logical
style.

Sunyaev: In Soviet Union, it
was strongly hierarchical. It
was the same in Germany.
Usually people were staying in
the same group if they were
successful, practically whole
their scientific life. This was
completely different from the
Anglo Saxon way. In America,
it's important to move from
place to place, and to learn
more. But in Russia, in many
groups, their chief was doing
something like a top advisor,

Kavli IPMU News No.29 March 2015

and then the second person
made a first correction to

his theory and so on. Finally,

it became the “seventh
approximation.” From one
side, people were able to go
very deep. From another side,
people were slow in progress,
because they were unable

to become broad — the
conditions to become broader
were much more difficult.
Yoshida: That's very
interesting, because many
younger people struggle

with becoming independent
at some point. As a student,
there is some learning without
much thinking. But, eventually,
they want to become very
independent and this happens
in a variety of ways depending
on the person.

Sunyaev: Yes, it depends on
personality and character. |
completely agree with you.

A lot depends also on the
interests. Zeldovich had the
feeling of what is interesting
for a person. When | first
came to him, he asked “What
are you interested in?” At
that time, | was rather good

in mathematics, but | told him
that | liked physical processes.
It was interesting for me

to learn physical processes
working in, for example, gas
chambers and other detectors
of elementary particles. Then
he was trying to direct me

to where it was necessary

to investigate elementary
physical processes. This was
interesting for me and this
became very useful part of my
work.



Russian System of Finding
Excellent Young Talent

Yoshida: Okay, interesting.
Now, the second question is
somewhat related. I'm always
impressed by the Russian

or former Soviet Union’s
systems in many ways, and
one thing | want to know

is the following. There must
be some nationwide search
process for excellent young
talent. You're from Tashkent,
but somehow you went to
Moscow. There must be some
centralization system, too.
How do they work in Russia?
Sunyaev: | can tell you that
system of Soviet Union. It
was very strongly centralized,
but there are many countries
with great centralization.

For example, in France every
young person understands
that for his career, it’s
important to go to Paris at
some stage.

Yoshida: But, in Soviet Union,
I think even at the high school
level, it seems to have been
working---.

Sunyaev: Tashkent had
universities, but everybody
knew that the level of these
universities was lower than
the universities in Moscow
or Leningrad at that time —
but high schools were rather
good.

Yoshida: High school teachers
were also very good?
Sunyaev: High school teachers
were good. Schools were
good. But the best students,

I don't know how, knew that
it's good to go to Moscow.
Yoshida: Oh, you don’t know
how. That's something |

wanted to know.

Sunyaev: We heard that if
you wish to do, for example,
science or to learn most
modern things, it's better to
go to Moscow. We knew that
there is continuous flow of
the strongest people there.
For example, if a professor

in Tashkent was really very
good, at some moment he
was invited to go to Moscow.
If you had a really good
ballet star at your theater,
then Moscow was inviting
this ballet star. Therefore,
people were going up. For
me, extremely important was
an additional episode. When |
was 17, one day | was invited
to participate — just without
any preparation — in the
Olympiad. Do you know what
itis?

Yoshida: Yes.

Sunyaev: | was invited

to participate in the
Mathematical Olympiad

of Central Asia and
Kazakhstan. These were

five Soviet Republics —

now, independent states

— Uzbekistan, Tajikistan,
Kyrgyzstan, Turkmenistan,
and Kazakhstan. Altogether,
there were maybe 50 million
people at that time. People
from different, best schools
in these republics were sent
to Tashkent, and several

high school students from
Tashkent were also invited to
participate in this competition
in mathematics. I don’t know
how, but | won, and then

| was sent to Moscow to
participate in the Olympiad
of the whole Soviet Union.

I lived in the dormitory of
Moscow University and | was
very impressed: according to
my level of understanding, it
was a great palace. It was an
enormously big building and
very nice. They had theaters
inside. | was going to theaters.
They had very good canteens,
restaurants for students.
Everything was excellent. A lot
of young people. For me, this
was very impressive.

I was living in the room
with a mathematician
student. This student told
me that there was another
school (Moscow Institute of
Physics and Technology). It
was not so attractive a place,
but students there were
even better. In that school,
entrance exams were held
1 month earlier. Therefore, |
decided to go to that school
to take my exams. We had
competition of 11.5 people
per place. | don’t know how,
but | passed. | was accepted.
Life was not very simple. After
| entered Moscow Institute
of Physics and Technology,
five people including me lived
in one room and everything
was different. And there was
a very pressing system that
you should learn, learn, and
learn there, and very tough
exams. But it was okay. I'm
very grateful to that school,
because professors were
really brilliant. People who
were teaching us were very
good.

Yoshida: | guess it was also
similar for your friends,
perhaps, one maybe from
Vladivostok, the other from St.

Petersburg and so on. They're
not only from Moscow, but
from all over---

Sunyaev: Soviet Union.
Yoshida: That is impressive.

Best Students Come

and Learn in the Best
Universities

Sunyaev: You know
when Soviet Union was
destroyed and we got a

lot of independent states,
then there were attempts to
make best schools of Russia
closed for people coming
from different republics
which were former part of
Soviet Union. At that time,

| had conversation with my
friends in Russian Academy,
and we agreed to write a
letter to the top people in the
country and to the Ministry of
Education. It said that if they
will consider the members

of the Russian Academy of
Sciences, they will discover
that these people are not only
people from Moscow. They
are coming from the whole
country, because talents are
distributed uniformly. These
talents came to Moscow and
learned in Moscow in some
way, and they came to belong
to the academy, and they
became best professors of
Moscow University and so on.
If we do not permit people
from half of the country, now
outside of Russia, to study in
Moscow, then we just lose
them. It's better for Russia if
these people will be accepted
and will get this ability to
learn. I don’t know how it
worked, but many schools

Interview



now are permitted to accept
best students from whole
territory of former Soviet
Union without payment.
Yoshida: Without payment?
Sunyaev: They're not paying
tuition, because people in the
majority of these republics
are poor because they do

not have oil deposits. For
example, Tashkent was a very
rich city in the times of Soviet
Union, but now it's poor in
comparison with Moscow.
Yoshida: | see.

Sunyaev: Everything is simple.
Best students can come and
learn in the best universities,
but obviously, they should
compete for their entrance.

If they get excellent results,
then it's not necessary for
them to pay tuition. This is
very important. But, there

are quotas. | don’'t know
exactly, but every year rules
are changing. For example,

if you wish to enter schools
of economy and the like, you
should pay, but if you wish to
enter schools of science such
as physics, it’s possible not to

pay as far as you are excellent.

Yoshida: I see. Actually, is
physics or basic science still a
top choice or popular among
young students in Russia?
Sunyaev: No. Unfortunately, it
has completely changed.
Yoshida: Really?

Sunyaev: Many young people
wish to be in the positions
where it’s easier to get higher
salaries and so on. But it's

the same as the trend in the
whole world. But in my time,
physics or basic science was
enormously popular and most

young people were trying to
enter schools of this sort. |
think maybe the same was
true in Japan.

Yoshida: Similarly, yes. We still
have popularity or interest

of high school students in
physics or basic science, but
obviously, the overall interest
is now decreasing. Well, there
are lots of other interesting
stuffs.

Sunyaev: But a lot of people
understand, for example,

that biology or life sciences
have great future, and young
people are going there.
Yoshida: Yes.

Sunyaev: There was a
conference in Tallinn

devoted to 100th birthday of
Zeldovich, and | was attending
it. There were several well-
known people there. They
were asked what they
thought about the education
system, and somebody asked
“Would you recommend your
children to go to astronomy?”
Everybody told what
profession their children had.
Nobody of children of these
well-known astronomers was
doing astronomy. One or two
were doing physics, but the
majority of them were doing
life sciences and economics.
Yoshida: Okay. | usually tell
my students that astronomy
will be probably very good at
least for the next 20 years.
Sunyaev: | have no doubt
that for the next 25 years
astronomy will be blooming,
because we expect not only
great ideas, but also great
instruments which leading
countries are building.

Yoshida: Exactly.

Sunyaev: These instruments
will give enormous amount
of information, and it will

be necessary to have strong
people to process the data
and to interpret them to do
great science.

Yoshida: Yes, exactly. | really
think astronomy would
produce a lot of young talent.
Sunyaev: Yes, but | think

life sciences certainly will be
doing very well also.

Yoshida: There are many
things to work in life sciences,
but | still like astronomy.
Sunyaev: Astronomy is very
good. | agree with you, but
astronomy is still much smaller
than physics, and physics
now is much smaller than life
sciences. Do you agree?

Computers in Basic Science

Yoshida: Okay, that is true.
That'’s very interesting. Now,
the third topic | want to talk
with you is about computers,
especially using computers
in basic science. Here, |

still have a sort of mixed
feelings. | appreciate the
powerfulness or usefulness
of the computers, whereas
still 'm not very sure whether
or not computers can play
an important role to reach

a true or fundamental
understanding. As you know
| use computer simulation

as my primary research tool,
and I'm always asking if this
kind of activity or research
can really reach a very
fundamental thing.
Sunyaev: | myself think that
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really computers are a great
addition, because | wrote
majority of my papers using
slide rules. Then, | saw how
computers were becoming
more and more useful part of
our life.

Yoshida: It is.

Sunyaev: Numerical
astrophysics and

cosmology uses the biggest
supercomputers, and is one
of the fastest developing
branches of our science.
However, | wish to start with
the statement that life today
without computers is really
impossible. The first thing is
that they made our life much
simpler. When | was young
in Russia, for example, we
had, I do not know the exact
number, but something like
a million of secretaries who
were typing whole day.
Yoshida: | see.

Sunyaev: Now, it's a very
rare case for a secretary to
type. Everybody is typing on
computers himself or herself
— very fast and easy work.
This is just an example of the
changes that an enormous
number of people were
replaced by computers.
Second, it was rather difficult
at that time to make the
computations, and we had
to spend a lot of time to
solve even simple problems
using approximate methods
or using tables and special
functions. Computers did this
really very easily. Programs
like Mathematica or many
others just made use of
simple mathematics much
easier. It's not necessary to sit



whole day to compute with

a slide rule. But | understand
that this is one side which

is very useful and very
important, and computers
will become more and more
useful. At some stage, it will
be possible to dictate a paper.
Computers can publish and
edit it, and so on. Computers
can do a lot, and this will
help enormously. But, then,
there is a question. Can
computers learn absolutely
fundamental things? There
are two possibilities. The first
possibility is to make very
deep mathematics. | think for
that we still need people. |
don’t know for how long.
Yoshida: | just remembered,
many of these great Russian
or Soviet scientists, like you,
Aleksandr Kompaneets, and
Leonid Sedov.

Sunyaev: Academician Sedov
and Prof. Kompaneets found
great analytical solutions and
derived now well-known
equations. These solutions
and equations are always
useful and often necessary.
Yoshida: | think you know
that was actually---

Sunyaev: In this field, |

don’t think that computers
will replace people in this
direction very soon. People are
still very good in such things
and also a lot depends on the
intuition. It is one case where
I think our brains possibly will
compete rather long with the
most powerful computers, but
there is a chance.

Yoshida: Maybe, yes.
Sunyaev: Then, there

are simulations in the

complicated problems where
we understand a lot, but we
cannot estimate numerically
all consequences. And here
obviously, computers are

just unavoidable, and they
will give us a lot. Progress
without simulations, without
these huge, computational
resources will be really much
slower. Therefore, | think that
it is great that they are there.
But, again, analytical solutions
are extremely useful, because
if you have the exact solution
for something, you can always
check if everything is correct.
This is also a very important
and useful thing. But, | think
that it’s already impossible

to return to science without
great computational facilities.
Yoshida: | always ask this
question to myself and to
students so that we keep a
sort of balance between:
Sunyaev: Yes, we should
keep balance, but | think that
computers have changed

our life. Just for normal life,
already calculators were
useful. But with what we
have now, we can solve a lot
of simple problems. What is
simple? Now you can solve
any differential equation
which was enormously
difficult 200 years ago. It's not
great science today. It’s just
useful.

Yoshida: It is.

Sunyaev: | think it's important
not to forget this part of
classical mathematics, which
is useful.

Yoshida: Quite an interesting
viewpoint. | actually asked
everything that | wanted to

ask, | think. Do you have any
guestions or suggestions?
Sunyaev: No, I'm just
grateful, because I'm first
time at this institute, and it

is a great pleasure to see a
really international institute
here in Japan, where | had
conversation with several
young people from Germany,
from Australia, from America,
and from Russia. Everybody
looks happy and everybody
is saying that your top
people have created here the
atmosphere where people
are happy to work, where it
is interesting for them, and
it's great. And you have these
visitor programs. It seems that
they are very good, because
you are inviting really the best
young people. It's a mistake
to invite only old people. It's
important to invite people
who are actively working
now, and it seems that this is
the case here.

Yoshida: Thank you very
much. | appreciate your
compliments.

Sunyaev: No, it's not
compliment. It seems that

it's true and | think that this
institute should have a great
future. In Russia, we are till
now unable to create similar
atmosphere; I'm very unhappy
for that. There have been
attempts, but in fundamental
science, there are practically
no places, internationally,
similarly open for discussions,
except, possibly, the Euler
International Mathematical
Institute in Saint Petersburg.

Yoshida: | hope you keep your

attention to our institute, and

also give us many suggestions
in the future. We will really
appreciate it.

Sunyaev: Thank you and it's a
pleasure.

Yoshida: Thank you very
much.

Interview



Our Team

Yasunori Nomura

Kavli IPMU Professor

| am a theoretical physicist, working mainly on
particle physics and cosmology. In the past two
decades, our understanding of the universe has
improved dramatically, which includes the Nobel-
awarded discovery of the accelerated expansion. Also,
recent progresses in quantum gravity are revealing
remarkable natures of spacetime and gravity, beyond
what we can learn from quantum field theory in
curved spacetime. These new developments together
suggest a surprising picture of the “quantum
multiverse”: our universe may be one of the many
universes in which low energy physical laws take
different forms, and that quantum mechanics plays a
crucial role in describing these many universes even
at the largest distance scales. | am pursuing what
this new picture implies for fundamental aspects of

Research Field: Theoretical Physics

quantum gravity as well as for future cosmological
observations. | also study related questions in
guantum gravity, such as the information problem in
black hole physics.
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Edwin L. Turner

Kavli IPMU Professor

My recent research interests are focused on
exoplanet studies, astrobiology, astro-statistics and
the origin of life problem in a cosmological context.
Much of my past research has been in the area of
classical cosmology with substantial concentrations
on gravitational lensing phenomena, quasars,
cosmic structure formation and determination of
the fundamental parameters of the standard FLRW
world model. In most cases my efforts involve
both theoretical and observational techniques and
are frequently located at the intersection of the
two; they also often employ Bayesian and/or non-
parametric statistical tools. | am still involved in
cosmological research at a modest level, particularly
via the SuMIRe project. Finally, a small component of

Research Field: Astronomy (Astrophysics)

my time is devoted to issues in epistemology and the
limits of reductionist science.

Particle Phenomenology

Our Team



Workshop Report

String Theory in Greater Tokyo

Charles Melby-Thompson

Kavli IPMU Postdoctoral Fellow

René Meyer

Kavli IPMU Postdoctoral Fellow

Kavli IPMU greeted 2015 by
hosting the inaugural workshop in a
new series, String Theory in Greater
Tokyo. The workshop series is aimed
at bringing together researchers
in string theory and related fields
from throughout Tokyo and the
surrounding prefectures.

Each workshop is a one-day
event held at a different institution
in the Tokyo area. The workshops
offer several talks by well-known
researchers in various fields, but
also place a strong emphasis on
interaction and collaboration between
participants. The next workshop will
be organized by the high energy
physics group at RIKEN, on June 9,
2015.

The inaugural workshop took place
on January 19, and was organized
by the Kavli IPMU members Simeon
Hellerman, Charles Melby-Thompson,
René Meyer, and Masahito Yamazaki.
There were roughly 50 scientists in
attendance.

We were pleased to welcome as
the series’ first lecturers Prof. Xi Yin
(Harvard University), Dr. Dionysios
Anninos (Institute for Advanced
Study), and Prof. Daniel Grumiller
(Vienna University of Technology).

Recent developments in little string
theory found a clear expositor in the
first talk by Prof. Xi Yin. He discussed

his recent work on scattering
amplitudes in double scaled little
string theory and the UV completion
of 6D super Yang-Mills theory.

By expressing correlators in little
string theory in terms of correlation
functions of exactly solvable CFTs,
he could compute numerical
coefficients in the o’ expansion. The
results shed light on the structure of
the perturbation theory expansion of
6d super Yang-Mills.

The second talk by Dr. Dionysios
Anninos dealt with the long-standing
problem of defining a consistent
guantum theory on de Sitter space-
time. His approach was to constrain
the theory using holography. In
Vasiliev's theory of higher spin gravity
he calculated the de Sitter entropy,
and argued that his result implies
an upper bound on the number of
degrees of freedom produced during
inflation, hence predicting additional

correlations in the Cosmic Microwave
Background. He finished with several
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thoughts about promising lines of
attack on this long-standing problem.

Prof. Daniel Grumiller’s lecture
was on three-dimensional gauge-
gravity duality beyond AdS/CFT. He
discussed several ideas extending
AdS/CFT in three dimensional toy
models of gravity, including higher
derivative gravity, higher spin gravity,
and holography in flat space. One very
interesting program regards extending
the AdS/CFT correspondence to non-
unitary systems. His clear exposition
was of great help to those interested
in pushing the envelope of the gauge-
gravity correspondence.

In addition to the talks, participants
also appreciated ample time for
interaction with other researchers.
Many introductions were made and
new contacts formed, making the
workshop a promising start to what
we hope becomes a long tradition at
Kavli IPMU and throughout Greater
Tokyo.




Workshop Report

The 6th Open Meeting of the
Hyper-Kamiokande Project

Mark Hartz

Kavli IPMU Assistant Professor

The discovery of muon neutrino to
electron neutrino oscillations by T2K in
2013 has focused the attention of the
experimental neutrino community on
next generation neutrino experiments
that will make precision searches
for CP violation in the lepton sector.
Hyper-Kamiokande (Hyper-K) is a
proposed 1 megaton water Cherenkov
detector in Japan that will have the
world’s best sensitivity to detect CP
violation by neutrinos. Hyper-K will
also make the world’s best searches
for nucleon decay and world leading
measurements with accelerator,
atmospheric, supernova, and solar
neutrinos. The 6th Open Meeting of
the Hyper-Kamiokande Project was
held at the Kavli IPMU on January 28-
31. The meeting was attended by 123
scientists from 12 countries who are
collaborating to realize the successful
design, construction, and operation of
Hyper-K.

The meeting included sessions
covering the design of the Hyper-K
cavity and tank, water system, photo-
detectors, electronics, calibration
system, and near detectors. Sessions
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also covered the J-PARC accelerator
status, analysis software development,
and Hyper-K physics potential

studies. Among the highlights

was the photo-detector session,
where test results from new photo-
detector technologies including high
quantum efficiency photocathodes,
hybrid photo-detectors, and new
dynode designs were presented. The
goal of these studies is to identify
technological solutions that can be
used to maximize the physics potential
of Hyper-K in a cost effective manner.
The meeting included a tour of

the photo-detector testing facility
located in the Institute for Cosmic

Ray Research (ICRR) building on the
Kashiwa campus.

In addition to Hyper-K design
reports, the J-PARC beam facilities
that will provide the accelerator
neutrinos to Hyper-K and designs for
near detectors that will characterize
the accelerator neutrino beam at its
source were presented. The beam
reports focused on the potential for
delivery of a megawatt power beam
to Hyper-K. The near detector reports
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presented novel detector designs that
will make measurements to address
one of the dominant sources of
uncertainty for Hyper-K, the modeling
of neutrino interactions with nuclei.
These sessions emphasized the
synergy between the neutrino beam
facilities of J-PARC and the Hyper-K
detector to achieve world leading
measurements.

Perhaps the most exciting
development from the meeting was
the launch of the Hyper-K proto-
collaboration. The new proto-
collaboration structure will enable
the Hyper-K project to successfully
move from the conceptual design
stage to a funded, built, and operating
experiment. The proto-collaboration
formation culminated with the signing
of a memorandum of understanding
(MOU) between the KEK Institute of
Particle and Nuclear Studies (IPNS) and
the University of Tokyo Institute for
Cosmic Ray Research (ICRR) by IPNS
director Masanori Yamauchi and ICRR
director Takaaki Kajita. The signing
ceremony included talks highlighting
the achievements of the Japanese
experimental neutrino program
and emphasizing the importance of Workshop
international collaboration to realize
the Hyper-K experiment.



Workshop Report

Workshop on
Girths™

Kevin Bundy

Kavli IPMU Assistant Professor

One of the most puzzling
conclusions from the last decade of
galaxy observations is that massive,
elliptical galaxies apparently grow in
size by a factor of nearly five after
they form, roughly 12 billion years ago.
This growth is mysterious because
ellipticals otherwise seem to change
very little after they are established at
early times. Numerous explanations
have been put forward but none is
completely satisfactory, motivating
further observations to quantify
the exact rates of growth, which
apparently depend on the cosmic
epoch as well as the galaxy’s mass,
type, and local environment, not to
mention detailed assumptions about
the size measurement itself.

This active area of research was
the subject of a lively Kavli IPMU
Focus Week (February 2-6, 2015)
titled “Getting a Grip on Galactic
Girths.” Organized by Kavli IPMU
astro postdocs Benedetta Vulcani,
Claire Lackner, and Song Huang, with
support from faculty members Alexie
Leauthaud and Kevin Bundy, the
meeting drew a highly diverse and
international audience for a week of
focused talks and intense discussion.
Particular attention was given to
ensuring ample time for debate
and to highlighting work by young
researchers in the field as exemplified
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"Getting a Grip on Galactic

by the outstanding response to the
final meeting summary given by
postdoc Song Huang, a privilege
typically reserved for the most senior
attendees at academic meetings.

The meeting generated a very
positive immediate response.
Participants were appreciative of the
opportunity to get a global view of
the latest work in the field, as told by
some of the most active researchers.
In addition, several aspects of the
subject that were initially hazy,
emerged from the week with greater
clarity. There was some consensus, for
example, that galaxies living in dense
environments (e.g., galaxy clusters)
at early times have experienced

accelerated size growth, a head-start
that apparently disappears by the
present day. There was also progress
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towards interpreting apparently
discrepant observations about the
frequency of galaxies with a certain
size and mass over cosmic time.

One of the meeting highlights was
the full Kavli IPMU APEC seminar
given by Nacho Trujillo, one of the
founders of the subject. Dr. Trujillo
relayed his successful hunt for “relic”
galaxies that have remained compact
and unevolved since their initial
formation. He argued that such a
relic galaxy was present in our own
backyard, cosmologically speaking,
affording a valuable opportunity to
study how these objects form. His
observations represent just one of
the many programs astronomers
presented at the Focus Week that
seek to resolve the physical nature of
galaxy growth in the coming years.



Workshop Report

Key Aspects in Exploring Road to Unification
(KAERU Conference)

Shinya Kanemura

Associate Professor of Graduate School of Science and Engineering for Research,

Toyama University

The International Conference
“Key Aspects in Exploring Road to
Unification (KAERU Conference)”
was held at the Kavli IPMU from 25
March 2015 for two days. It was a
pure scientific conference for high
energy physics on the occasion of
the retirement from KEK at the end
of March 2015 of Kaoru Hagiwara,
who has achieved great contributions
to particle physics for a long time
from the era of the experimental
establishment of the standard model
up to the present day, the era of
exploring the new physics beyond the
standard model. The conference was
planned by a group of Kaoru's former
students and collaborators such as
Hitoshi Murayama, Yukinari Sumino,
and Gi-Chol Cho, and was realized
with the cooperation of the Kavli
IPMU. Reflecting the wide research
areas in high energy physics to which
Kaoru has contributed and also his
wide circle of friends all around the
world, more than 110 researchers
including about 40 from abroad
participated in KAERU Conference, so

that the conference was a fruitful one,

covering a wide range of the fields in
high energy physics.

On the first day, following the
opening address by Murayama (Chair
of the conference) and Sumino (Co-
Chair) and greetings by Hagiwara,

Roberto Peccei gave a
talk on the physics of
axion and its relation to
cosmology. Zoltan Fodor
then spoke about the
recent development of
lattice calculations for
hadron masses. Light
higgsino scenarios solving
the naturalness problem
have been discussed by
Xerxes Tata and Howard Baer. Keisuke
Fujii presented the physics at the
International Linear Collider. In the
afternoon, after Thomas Teubner and
Naohito Saito gave talks on theoretical
and experimental developments on
muon g-2, recent results by Hagiwara
on T-odd Asymmetry etc. were

given by his collaborators Toshifumi
Yamada, Hiroshi Yokoya and Kentarou
Mawatari etc. Kingman Chiang

then gave a talk about the model
independent analyses of the Higgs
boson pair production.

On the second day, Dieter
Zeppenfeld discussed the QCD
correction to vector boson fusion
processes at hadron colliders,

Manuel Drees spoke on the topic of
naturalness, and Tilman Plehn stressed
the importance of study of jets at
LHC. Then Junichi Kanzaki, Rohini
Godbole and Fabio Maltoni gave

talks on LHC phenomenology. In the

afternoon, Tao Han discussed the

potential of a 100 TeV hadron collider,
and Nobuchika Okada discussed the
prospects of SUSY phenomenology.
There were then several talks on
neutrino physics such as T2KK, CP
violation in the lepton sector, and
testability of Majorana neutrinos.
Finally, after Murayama discussed

a new model for SUSY breaking
and dark matter, Cho closed the
conference.

Therefore, at the conference, a
variety of interesting topics in particle
phenomenology were discussed,
in particular, in collider physics,

QCD physics, models beyond the
standard model, Higgs physics, flavor
physics and particle cosmology. The
conference was greatly successful,
providing a nice opportunity to
overview the history, current status
and future prospects of particle
physics.

Workshop
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Workshop Report

MadGraph5_aMC@NLO Femto Workshop

Kentarou Mawatari

Junior Research Professor at Vrije Universiteit Brussel

The workshop was held on March
27,2015 at the lecture hall of the Kavli
IPMU, as a satellite workshop after
the KAERU (Key Aspects in Exploring
Road to Unification) Conference on
March 25-26. [Organizers: Kaoru
Hagiwara (KEK), Fabio Maltoni
(UCLouvain), Shigeki Matsumoto (Kavli
IPMU), Kentarou Mawatari (Vrije U
Brussel), and Tim Stelzer (lllinois)].

These days, Monte Carlo event
generators are indispensable for
reliable theory predictions as well
as experimental data analyses
at the CERN LHC (Large Hadron
Collider), which will resume soon
at the upgraded 13 TeV center-of-
mass energy, as well as at the ILC
(International Linear Collider), which is
planned to be built in Japan.

“MadGraph5_aMC@NLO (MG5_
aMC in short)” is one of the event
generators for high-energy physics,
and has been used by many theorists
as well as experimentalists. Although
MG5_aMC has been maintained
and developed for decades mainly
by people in Europe and the US,
the core code to compute Feynman
diagrams (the so-called HELAS:
HELicity Amplitude Subroutines) was
created by Kaoru Hagiwara (one of
the organizers of this workshop),
Hitoshi Murayama (Director of the
Kavli IPMU), and Isamu Watanabe
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in 1991. Tim Stelzer (lllinois) and
Olivier Mattelaer (Durham) told us
this interesting history in the opening
address and in the review talk on
MG5_aMC, respectively.

In the first half of the workshop,
developers introduced their state-
of-the-art simulation tools [Benjamin
Fuks (Strasbourg): FeynRules2,
MadAnalysis5; Olivier Mattelaer
(Durham): MadGraph5_aMC@NLO;
Barbara Jaeger (Tuebingen): VBFNLO],
while Davide Pagani and Eleni
Vryonidou (UCLouvain) reported
recent progress on the automation
of electroweak corrections and loop
induced processes, respectively.

In the latter part, we discussed
more physics applications based on
tools. Chung Kao (Oklahoma) and
Tilman Plehn (Heidelberg) talked
about the importance of the Higgs-

top couplings, while Mihoko Nojiri
(KEK/Kavli IPMU) explained her recent
paper on jet physics. After the tea
break held at Piazza Fujiwara, the

workshop resumed with Junichi
Kanzaki (KEK), and this author
reporting on the GPU project and
the Higgs characterisation project,
respectively. We also had three talks
by young Japanese physicists, Sayaka
Kawabata (Tohoku), Junya Nakamura
(KEK) and Kohsaku Tobioka (KEK/Tel
Aviv/Weizmann), leading to intense
and exciting discussions with more
than 50 participants from many
countries.

The workshop was successfully
closed by Fabio Maltoni (UCLouvain),
who promised a similar workshop
again in the near future. We hope that
the workshop provided a valuable
opportunity to learn about recent
simulation tools and physics at the
LHC as well as at the ILC, especially
for young people.

We would like to thank Kavli IPMU
Director Hitoshi Murayama for his
support and the administrative staff
members for their kind help.




WPI Support to Kavli IPMU Will Be
Extended from FY 2017 for Five
Years

On February 13, 2015, the Ministry
of Education, Culture, Sports, Science
and Technology (MEXT) announced
the 2014 follow-up results of the
WPI Program Committee. The
Committee concluded that all five
WPI centers selected in 2007 had
achieved “World Premier Status,” fully
meeting the goal of the WPI program;
namely, advancing leading edge
research, establishing international
research environments, reforming
research organizations, and creating
interdisciplinary domains. Further,
concerning a five-year extension of
WPI support, the Committee decided
that only truly exceptional cases could
be considered for an extension. The
Committee nominated the Kavli IPMU
for a five-year extension starting from
FY 2017 because its demonstrated
achievements are far beyond the
already very high WPI standard.

TODIAS Renamed to UTIAS

Effective as of April 1, 2015, the
Todai Institutes for Advanced Study
(TODIAS) has been renamed the
University of Tokyo Institutes for
Advanced Study (UTIAS). The TODIAS
logo has also been changed to the
UTIAS logo. The Japanese name

remains the same, however, as this
renaming only reflects the change of
English abbreviation of the University
of Tokyo from “Todai” to “UTokyo.”

Eiichiro Komatsu Awarded the 2014
Chushiro Hayashi Prize
Eiichiro Komatsu,

a Director of the
Max Planck Institute
for Astrophysics and
a Visiting Senior
Scientist of the Kavli
IPMU, received the
2014 Chushiro Hayashi Prize for
“Precision Cosmology Based on the
Cosmic Microwave Background
(CMB).” From 2001 to 2010, he
worked as a key member of the
WMAP team, leading data analysis
and theoretical interpretation. He is
the first author in some frequently-
cited WMAP papers. For these reasons,
his contribution to the development
of astrophysics has been recognized.

Eiichiro Komatsu

The 6th Yoji Totsuka Prize to
Tsuyoshi Nakaya and Masato
Shiozawa

Tsuyoshi Nakaya,
Professor of Kyoto
University and Visiting
Senior Scientist of
the Kavli IPMU, and
Masato Shiozawa,
Professor of the
Institute for Cosmic
Ray Research, the
University of Tokyo
and Senior Scientist of
the Kavli IPMU shared
the 6th Yoji Totsuka
Prize with Takashi
Kobayashi, Professor of the Institute
of Particle and Nuclear Studies,
High Energy Accelerator Research
Organization (KEK) for “the
observation of electron neutrino

Tsuyoshi Nakaya

Masato Shiozawa

appearance in a muon neutrino
beam” in the T2K long-baseline
neutrino oscillation experiment.

Toshiyuki Kobayashi Awarded

the 2015 JMSJ Outstanding Paper
Prize

Toshiyuki Kobayashi,

Professor of the

Graduate School

of Mathematical

Sciences, the

University of Tokyo,

and Principal

Investigator of the Kavli IPMU received
the 2015 JMSJ Outstanding Paper
Prize. This prize is awarded to the
authors of up to three outstanding
articles published in the Journal of
the Mathematical Society of Japan
(JMSJ) in the previous year. Professor
Kobayashi and his coauthors, J. Hilgert
and J. Mollers, received this honor for
their paper, “Minimal representations
via Bessel operators,” which was
published in JMSJ 66 (2014) 349-414.

Toshiyuki Kobayashi

WPI Institutes Jointly Participated
in AAAS 2015 in San Jose,
California
All nine WPI institutes jointly

participated again this year in the
2015 AAAS (American Association for
the Advancement of Science) Annual
Meeting held for five days, February
12-16, 2015, in San Jose, California,
with a theme of “Innovations,
Information, and Imaging.” Similar to
last year’s participation in Chicago,
the WPI institutes for three days
jointly ran the WPI booth, where each
institute displayed a panel poster and
brochures. At the WPI booth, MEXT
(the Ministry of Education, Culture,
Sports, Science and Technology) and
JSPS (Japan Society for the Promotion
of Science) officers in charge of the
WPI program as well as officers from
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eight WPI institutes including the Kavli
IPMU welcomed visitors and explained
to them the WPI program and the
research activities and outcomes of
the WPI institutes. In three days, nearly
400 people visited the WPI booth.

To date, the Kavli IPMU has joined
AAAS Annual Meetings for four
consecutive years from 2012, sending
a few officers each time. The next
AAAS Annual Meeting will be held in
February 2016 in Washington, D.C.

Spring Science Camp for High
School Students Held at the Kavli
IPMU

For three days, March 25-27,

2015, “Spring Science Camp 2015:

A Challenge to Unravel the Mystery
of the Universe through Astronomy,
Physics, and Mathematics” was held
at the Kavli IPMU.

The Spring Science Camp 2015
is one of the projects supported by
JST (Japan Science and Technology
Agency) for next-generation S&T
human resource development,
providing hands-on experience for
high school students. The three-day
camp during spring break was held
at 12 different host universities and
private companies where cutting-edge
research is conducted in a variety of
fields. Each host provided a different
program and accommodated 8 to
20 students (168 students in total).
Students were directly guided by
scientists and engineers working at
the frontiers of S&T.

The participants in the Kavli IPMU
program were 10 male and 10 female
students selected from a highly
competitive field of applicants from all
over Japan. They learned cutting-edge
research on unraveling the mystery
of the Universe through lectures as
well as exercises and an experiment
by Kavli IPMU researchers in physics,
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mathematics, and astronomy. In the
evening after classroom learning, the
students were given plenty of time
to ask questions and to interact with
lecturers and teaching assistants
(undergraduate and graduate
students). There were continued
conversations with lecturers and
teaching assistants on what students
wanted to ask more regarding the
lectures and exercises. Students also
asked them about such topics as the
life of university students and the

life of researchers. In the afternoons,
students joined the Kavli IPMU’s
everyday tea time and enjoyed chats
with both Japanese and foreign
researchers. On the last day, students
presented what they had learned in
the camp, and were given a certificate
of completion.

Kavli IPMU Professor Masahiro Takada giving a
lecture

A scene of astronomy exercises

Public Lecture on Recent
Supernovae Research

On Sunday, March 29, 2015, the
Kavli IPMU held a public lecture on
recent supernovae research at the
Yayoi Auditorium, Ichijo Hall on the
University of Tokyo’s Hongo campus.
There were about 200 people in
the audience. Supernovae research

Kavli IPMU News No.29 March 2015

is important in understanding the
evolution of galaxies and the history
of the expansion of the Universe, and
it is one of the main research topics at
the Kavli IPMU. At the public lecture,
Kavli IPMU Principal Investigator,
Professor Ken’ichi Nomoto, explained
“What are supernovae?,” Kavli IPMU
Professor Mark Vagins discussed

how to observe “Neutrinos from
Supernova Explosions” in English
with simultaneous interpretation into
Japanese, and Kavli IPMU Assistant
Professor Nao Suzuki spoke on the
“Dark Energy Discovery Story.” After
the lecture, there was a tea break with
the three lecturers, who answered a
great number of questions asked by
the audience.

LW Nl

Kavli IPMU Principal Investigator Ken’ichi Nomoto
giving a lecture

n‘-

Kavli IPMU Assistant Professor Nao Suzuki
answering questions



Kavli IPMU Seminars

1. “Singularities of Special Lagrangian
Submanifolds”
Speaker: Yohsuke Imagi (Kavli IPMU)
Date: Sep 11, 2014
2. “Residue Formulas for Prepotentials,
Instanton Expansions and
Conformal Blocks”
Speaker: Andrei Marshakov (HSE)
Date: Sep 15, 2014
3. “Relativistic Integrable Systems,
Quiver Representations, and Line
Operators”
Speaker: Harold Williams (U Texas at
Austin)
Date: Sep 16, 2014
4. “Progenitors of Core-Collapse
Supernovae”
Speaker: Melina Bersten (Kavli IPMU)
Date: Sep 18,2014
5. “Dissipative dynamics of cosmic
inflation and some basic problems”
Speaker: Masahiro Morikawa
(Ochanomizu V)
Date: Sep 24,2014
6. “The environments and progenitors
of supernovae: highlight on an
integral field spectroscopy survey of
supernova sites”
Speaker: Hanindyo Kuncarayakti (U
Chile)
Date: Sep 25, 2014
. “Positive representations and
quantum higher Teichmuller theory”
Speaker: lvan IP (Kavli IPMU)
Date: Sep 25, 2014
8. “EFT Beyond the Horizon: Stochastic
Inflation and How Primordial
Quantum Fluctuations Go Classical”
Speaker: Richard Holman (Carnegie
Mellon U)
Date: Sep 26, 2014
9. “String Field Theory Solution for
Any Open String Background”
Speaker: Theodore Erler (LMU
Munich)
Date: Sep 30, 2014

~

10. “Project of Neutrino Mass
Spectroscopy: Its theory and
experimental progress”

Speaker: Motohiko Yoshimura /
Noboru Sasao (Okayama U)
Date: Oct 01, 2014

. “To what extent do we understand
pulsars?”

Speaker: Koichi Hirotani (ASIAA)

Date: Oct 01, 2014

12. “Deformations of Superconformal
Field Theories”
Speaker: Clay Cordova (Harvard U)
Date: Oct 02, 2014

13. “Holography of 3d-3d
correspondence at large N”
Speaker: Gang Dongmin (Kavli IPMU)
Date: Oct 07,2014

14. “Hilbert Series and Mass-deformed
Brane Tilings”
Speaker: Rak-Kyeong Seong (KIAS)
Date: Oct 14, 2014

15. “Central extensions of the
Ptolemy-Thompson group T
from quantization of universal
Teichmuller space”
Speaker: Hyun Kyu Kim (KIAS)
Date: Oct 15, 2014

16. “Entanglement Entropy and Lattices”
Speaker: Djordje Radicevic
(Stanford U)
Date: Oct 16, 2014

17. “The Millennium Institute of
Astrophysics MAS: Astronomy in
the era of big data”
Speaker: Mario Hamuy (U Chile)
Date: Oct 16, 2014

1
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18. “High cadence Transient Survey (HITS):

real-time detection of supernovae
and other transients with DECam”
Speaker: Francisco Forster (U Chile)
Date: Oct 16, 2014

19. “Higher Genus Gromov-Witten
invariants and BCOV equations”
Speaker: Mauricio Romo (Kavli IPMU)
Date: Oct 16, 2014

20. “Latest results from AMS”
Speaker: Sadakazu Haino

(Academia Sinica)
Date: Oct 17,2014

21. “Photometric calibration of Wide
field Imagers—Lessons from SNLS”
Speaker: Nicolas Regnault (LPNHE,
IN2P3 CNRS)
Date: Oct 20, 2014

22. “Precision Cosmology with Type la
Supernovae”
Speaker: Reynald Pain (LPNHE,
Université Pierre et Marie Curie)
Date: Oct 20,2014

23. “Spinning supermassive black holes”
Speaker: Benny Traktenbrot (ETH-
Zurich)
Date: Oct 21, 2014

24. “Chern-Simons-matter theories
and non-supersymmetric dualities
in three dimensions”
Speaker: Djordje Radicevic
(Stanford U)
Date: Oct 21, 2014

25. “An introduction to (p-adic)
Langlands functoriality”
Speaker: Judith Ludwig (Imperial
College London)
Date: Oct 21, 2014

26. “Phenomenology of the MOND
alternative to dark matter”
Speaker: Mordehai Milgrom
(Weizmann Institute in Rehovot)
Date: Oct 22,2014

27. “The SNLS+SDSS hubble diagram”
Speaker: Marc Betoule (LPNHE)
Date: Oct 22,2014

28. “The MESSIER satellite: unveiling
galaxy formation”
Speaker: David Valls-Gabaud
(Observatoire de Paris)
Date: Oct 23,2014

29. “Large-Field and Open EFTs,
Decoherence and Inflation”
Speaker: Cliff Burgess (McMaster U)
Date: Oct 23,2014

30. “Quantum Entanglement of Local
Operators”
Speaker: Masahiro Nozaki (YITP
Kyoto)
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Date: Oct 24, 2014

31. “Dark Nuclear Physics”
Speaker: Matthew McCullough
(CERN)
Date: Oct 27,2014

32. “Dark Matter and Continuous
Flavor Symmetries”
Speaker: Jure Zupan (CERN)
Date: Oct 27,2014

33. “Bridgeland stability conditions on
abelian threefolds”
Speaker: Dulip Piyaratne (Kavli IPMU)
Date: Oct 27,2014

34. “Measuring Dark Energy to 1%
Accuracy Using Cosmological
Simulations”
Speaker: Alina Kiessling (JPL)
Date: Oct 28,2014

35. “Electric Field Quench in AdS/CFT”
Speaker: Keiju Murata (Keio U)
Date: Oct 28,2014

36. “International Linear Collider:
Overview of Physics and Detectors”
Speaker: Tomohiko Tanabe (ICEPP)
/ Taikan Suehara (Kyushu U)
Date: Oct 29, 2014

37. “Recent Planck results and the
future of CMB observations”
Speaker: Jacques Delabrouille (CNRS)
Date: Oct 29, 2014

38. “Indirect detection of dark matter
with gamma rays: constraints and
intriguing hints”
Speaker: Simona Murgia (UC Irvine)
Date: Oct 30, 2014

39. “Towards a Holographic Bose-
Hubbard Model”
Speaker: Mitsutoshi Fuijita (YITP Kyoto)
Date: Oct 30,2014

40. “Search for Parity-odd signatures

in the gamma ray sky”

Speaker: Hiroyuki Tashiro (Nagoya U)

Date: Oct 30, 2014

. “Fourier-Sato transform, braid group

actions, and factorizable sheaves”

Speaker: Vadim Schechtman (U

Toulose)

Date: Oct 30, 2014

4
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42. “WFIRST and Euclid”
Speaker: Jason Rhodes (NASA JPL)
Date: Oct 31, 2014

43. “Self-Interacting Dark Matter from
a Non-Abelian Hidden Sector”
Speaker: Tim Tait (UC Irvine)
Date: Oct 31, 2014

44, "Resurgence in quantum field theory:
handling the Devil's invention”
Speaker: Aleksey Cherman (U
Minnesota)
Date: Nov 04, 2014

45, “Measuring neutrino properties
through relative flows”
Speaker: Ue-Li Pen (CITA)
Date: Nov 04, 2014

46. “Classification theorem for torsors
over the sheaf of K-theory spaces”
Speaker: Sho Saito (Nagoya U)
Date: Nov 04, 2014

47. “Decoupling during Inflation
and the presence of High Energy
Physics in the CMB”
Speaker: Vicente Atal (Leiden U)
Date: Nov 05, 2014

48. “Core-collapsing supernovae — hybrid
stars - quark matter connection”
Speaker: Andrei Yudin (ITEP,
Moscow)
Date: Nov 05, 2014

49. “Cosmological magnetic fields
from inflation and their non-
Gaussian imprints”
Speaker: Rajeev Kumar Jain (U
Southern Denmark)
Date: Nov 07, 2014

50. “Aspects of Galilean fields in
curved spacetime”
Speaker: Kristan Jensen (YITP Stony
Brook)
Date: Nov 11, 2014

51. “Higgs relaxation and leptogenesis”
Speaker: Alexander Kusenko (Kavli
IPMU/UCLA)
Date: Nov 12,2014

52. “Visible actions on generalized flag
varieties”
Speaker: Yuichiro Tanaka (U Tokyo)
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Date: Nov 13,2014

53. “Multi-component dark matter
from AMS-02"
Speaker: Da Huang (National Tsing
Hua U)
Date: Nov 14, 2014

54. “Analytic torsion for Borcea-Voisin
threefolds”
Speaker: Kenichi Yoshikawa (Kyoto U)
Date: Nov 17,2014

55. “Gauge theories with rigid
supersymmetry in d=4, 5
Speaker: Johannes Schmude (U
Oviedo)
Date: Nov 18,2014

56. “Constraints on axion in high scale
inflation”
Speaker: Kwang Sik Jeon (IBS)
Date: Nov 19, 2014

57. “Knots And Quantum Theory”
Speaker: Edward Witten (IAS)
Date: Nov 20, 2014

58. “A New Look At The Gopakumar-
Vafa Formula”
Speaker: Edward Witten (IAS)
Date: Nov 21, 2014

59. "Heavy element production in
asymptotic giant branch stars”
Speaker: Amanda Karakas (ANU)
Date: Nov 25, 2014

60. “Conductivities in a holographic
model of momentum relaxation”
Speaker: Keun-Young Kim (GIST)
Date: Nov 25,2014

61. “The Tilting conjecture”
Speaker: Dennis Gaitsgory
(Harvard U)
Date: Nov 26, 2014

62. "Higgs: Naturalness and some
other issues”
Speaker: Anirban Kundu (U Calcutta)
Date: Nov 26, 2014

63. “The evolution of supernova
progenitors”
Speaker: Sam Jones (U Victoria)
Date: Nov 27,2014

64. “The Tilting conjecture”
Speaker: Dennis Gaitsgory (Harvard U)



Date: Nov 27,2014

65. “Impact of Nuclear Reactions on the
Fate of Intermediate-mass Stars”
Speaker: Heiko Moller (Darmstadt)
Date: Nov 27,2014

66. “Non-perturbative properties of
large-scale structure formation and
their implications to cosmology”
Speaker: Takahiro Nishimich (IAP)
Date: Nov 28, 2014

67. “Beauville’s examples of irreducible
symplectic manifolds and the
cones conjecture of Kawamata
and Morrison”
Speaker: Kota Yoshioka (Kobe U)
Date: Dec 01, 2014

68. “MApping the Most Massive
Overdensity Through Hydrogen
(MAMMOTH)"
Speaker: Zheng Cai (U Arizona)
Date: Dec 02, 2014

69. “Higher dimensional formal loop
spaces”
Speaker: Benjamin Hennion (U
Montpellier)
Date: Dec 03,2014

70. “Structure formation with fast
particles”
Speaker: Neal Dalal (U lllinois)
Date: Dec 04, 2014

71. “Derived varieties of complexes and
Kostant's theorem for gl(m, n)”
Speaker: Slava Pimenov (Yale U)
Date: Dec 04, 2014

72. “Geometry of 3-folds, and
noncommutative deformations”
Speaker: Will Donovan (Kavli IPMU)
Date: Dec 08, 2014

73. “Spectral distortion of the Cosmic
Background Radiation”
Speaker: Rashid Sunyaev (MPA)
Date: Dec 09, 2014

74. “CMB statistics”
Speaker: Wayne Hu (KICP)
Date: Dec 09, 2014

75. “Position-dependent power
spectrum and the application to
the BOSS DR10 CMASS sample”

Speaker: Chi-Ting Chiang (MPA)
Date: Dec 09, 2014

76. “Anomalous hydrodynamics kicks
neutron stars”
Speaker: Matthias Kaminski (U
Victoria)
Date: Dec 09, 2014

77. “Perturbation Theory”
Speaker: Wayne Hu (KICP)
Date: Dec 10, 2014

78. “Inflation”
Speaker: Wayne Hu (KICP)
Date: Dec 10,2014

79. “The scientific goals of Spectrum-X/
eRosita X-Ray observatory”
Speaker: Rashid Sunyaev (MPA)
Date: Dec 10, 2014

80. “CMB temperature and
polarization phenomenology”
Speaker: Wayne Hu (KICP)
Date: Dec 11, 2014

81. “Hot gas in clusters of galaxies,
CMB and cosmology”
Speaker: Rashid Sunyaev (MPA)
Date: Dec 11, 2014

82. “Nerve construction, A-infinity
functors and homotopy theory of
dg-categories”
Speaker: Giovanni Faonte (Yale U)
Date: Dec 11, 2014

83. “The role of gas flows in regulating
star-forming galaxies”
Speaker: Nicolas Bouche (IRAP)
Date: Dec 12,2014

84. “Q&A session with Prof. Rashid
Sunyaev”
Speaker: Rashid Sunyaev (MPA)
Date: Dec 12, 2014

85. “D-modules and arithmetic: a
theory of the b-function in positive
characteristic”
Speaker: Thomas Bitoun (Higher
School of Economics, Moscow)
Date: Dec 12, 2014

86. “Five-dimensional Gauge Theory
Phases and Singularities”
Speaker: Shu-Heng Shao (Harvard U)
Date: Dec 16, 2014

87. “Probing the stop and higssinos at
the LHC in Natural Supersymmetry”
Speaker: Chengcheng Han (APCTP)
Date: Dec 17,2014

88. “Ground state degeneracy of non-
Abelian topological order in open
surfaces”

Speaker: Janet Ling-Yan Hung
(Fudan U)
Date: Dec 18,2014

89. “Is cosmological constant screened
in Liouville gravity with matter?”
Speaker: Yu Nakayama (Caltech)
Date: Jan 06, 2015

90. “Flavor and Minimal SUSY GUT”
Speaker: Satoshi Shirai (DESY)
Date: Jan 07, 2015

91. “Anomalies, Chern-Simons Terms
and Black Hole Entropy”

Speaker: Gim Seng Ng (Harvard U)
Date: Jan 07, 2015

92. “A holographic entanglement
triptych”

Speaker: Mukund Rangamani
(Durham U)
Date: Jan 08, 2015

93. “Redeeming ‘Bad’ theories
holographically”

Speaker: Akikazu Hashimoto (U of
Wisconsin)
Date: Jan 09, 2015

94. “From Ising spins to large N matrices”
Speaker: Dionysis Anninos (IAS)
Date: Jan 13,2015

95. “Surface operators, Hitchin systems,
and conformal field theory”
Speaker: Joerg Teschner (DESY)
Date: Jan 14,2015

96. “The end of the dark ages”
Speaker: Aravind Natarajan (Kavli
IPMU)

Date: Jan 15, 2015

97. “The homotopy theory of
convenient dg-algebras”
Speaker: James Wallbridge (Kavli
IPMU)
Date: Jan 15, 2015

98. “A theory of opers in positive
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characteristic and Joshi's conjecture”
Speaker: Yasuhiro Wakabayashi
(Kyoto U)
Date: Jan 16, 2015

99. “The BV formalism for L,-algebras”
Speaker: Alexander Voronov (U
Minnesota)
Date: Jan 16, 2015

100.

101.

102.

103.

104.

105.

106.

107.

108.
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“Pure spinor superspace and
nonabelian DBI action”

Speaker: Xi Yin (Harvard U)
Date: Jan 20, 2015

“Indirect Dark Matter Search
with GAPS through cosmic-ray
antiparticle measurements”
Speaker: Hideyuki Fuke (JAXA)
Date: Jan 21, 2015

“Coulomb branch and the
moduli space of instantons”
Speaker: Noppadol Mekareeya
(CERN)

Date: Jan 26, 2015

“Non-unitary holography”
Speaker: Daniel Grumiller (TU
Vienna)

Date: Jan 27, 2015

“Large Field Inflation in String
Theory”

Speaker: Gary Shiu (UW Madison/
HKUST)

Date: Jan 28, 2015

“Stripping galaxies of their gas”
Speaker: Bianca Poggianti (INAF)
Date: Jan 30, 2015

“Towards a mathematical
definition of Coulomb branches
of 3d gauge theories”

Speaker: Hiraku Nakajima (RIMS)
Date: Feb 02, 2015

“Comments on BPS Solitons and
Localization”

Speaker: Heng-Yu Chen (NTU)
Date: Feb 03, 2015

“Quantum Reduction of Couplings
with Applications on Finite Unified
Theories and the MSSM”
Speaker: George Zoupanos
(NTUA)

109.

110.

1M1

112.

113.

114.

115.

116.

117.

118.

119.

Date: Feb 04, 2015

“On self-dual Yang-Mills theory”
Speaker: Alexei Rosly (ITEP / HSE)
Date: Feb 05, 2015

“Shintani descent and character
sheaves on algebraic groups”
Speaker: Tanmay Deshpande
(IPMU)

Date: Feb 05, 2015

“The hunt for relic galaxies”
Speaker: Nacho Trujillo (IAC)
Date: Feb 05, 2015

“SUSY Implications from WIMP
Annihilation into Scalars at the
Galactic Centre”

Speaker: Anibal Medina (U
Melbourne)

Date: Feb 06, 2015
“Non-equilibrium Quantum
Field Theory and cosmological
applications”

Speaker: Joao Rosa (Aveiro U)
Date: Feb 06, 2015

“Neutrino Interactions at
MINERVA”

Speaker: Kevin McFarland (U
Rochester)

Date: Feb 09, 2015

“Prospects and status of Next-to-
minimal SUSY”

Speaker: Shoaib Munir (APCTP)
Date: Feb 09, 2015

“Null category of morphism of
relative dimension one”

Speaker: Agnieszka Bodzenta (HSE)
Date: Feb 09, 2015
“Non-equilibrium Quantum
Field Theory and cosmological
applications”

Speaker: Joao Rosa (Aveiro U)
Date: Feb 09, 2015

“Toward 3D integrability from
quantum groups”

Speaker: Atsuo Kuniba (U Tokyo)
Date: Feb 10, 2015
“Non-equilibrium Quantum
Field Theory and cosmological
applications”
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120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

Speaker: Joao Rosa (Aveiro U)
Date: Feb 10, 2015
“Superconformal quantum
mechanics from M2-branes”
Speaker: Tadashi Okazaki (Osaka
U / Caltech)

Date: Feb 12,2015

“Interaction with hydrogen-less
envelopes as the least energetic
model for a bulk of Type |
Superluminous Supernovae”
Speaker: Elena Sorokina
(Lomonosov Moscow State U)
Date: Feb 12,2015
Dbar-superconnections on
compact and non-compact
complex manifolds”

Speaker: Alexey Bondal (Kavli IPMU)
Date: Feb 12,2015

“Study a collimated muons for
the degenerated SUSY scenario”
Speaker: Myeonghun Park (APCTP)
Date: Feb 16, 2015

“ADHM revisited: Instantons,
Wilson lines and D-branes”
Speaker: Kenny Wong (U
Cambridge)

Date: Feb 16, 2015

“Secrets of the Higgs Boson”
Speaker: Michael E Peskin (SLAC)
Date: Feb 18,2015
“Investigations on photon-pair
cascades from nearby blazars”
Speaker: Mariana Orellana
(Universidad Nacional de Rio Negro)
Date: Feb 19, 2015

“On cylinders on cubic
hypersurfaces”

Speaker: llya Karzhemanov (Kavli
IPMU)

Date: Feb 19, 2015

“The supersymmetric nonlinear
sigma model as a geometric
variational problem”

Speaker: Volker Branding (TU
Vienna)

Date: Feb 24, 2015
“Higher-dimensional unification



130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

with continuous and fuzzy coset
spaces as extra dimensions”
Speaker: George Zoupanos (NTUA)
Date: Feb 25, 2015

“The cosmic growth of the active
black hole population out to z=2"
Speaker: Andreas Schulze (Kavli
IPMU)

Date: Feb 26, 2015

“Recent status of the SuperKEKB
accelerator control system”
Speaker: Masako Iwasaki (KEK)
Date: Mar 09, 2015

“Effects of non-self-annihilating
dark matter on stellar objects”
Speaker: Leung Shing Chi (The
Chinese U of Hong Kong)

Date: Mar 10, 2015

“Elliptic genus of phases of N=2
theories”

Speaker: Anatoly Libgober (U
lllinois, Chicago)

Date: Mar 10, 2015

“An LG-LG mirror theorem”
Speaker: Yefeng Shen (Stanford U)
Date: Mar 11, 2015

“What do the star formation
histories of galaxies look like?”
Speaker: Camilla Pacifici (Yonsei
U Observatory)

Date: Mar 12,2015

“The Eynard-Orantin recursion
for simple singularities”

Speaker: Todor Milanov (Kavli IPMU)
Date: Mar 12,2015

“Metal-free pair-instability supernova
progenitors with large mass loss”
Speaker: Takashi Moriya (AIFA, U
Bonn)

Date: Mar 16, 2015

“Toric mirror symmetry via shift
operators”

Speaker: Hiroshi Iritani (Kyoto U)
Date: Mar 16, 2015

“Studying the Expansion of the
Universe with quasar spectra”
Speaker: Andreu Font-Ribera (LBL)
Date: Mar 17, 2015

140.

141.

142.

143.

144,

145.

146.

147.

148.

149.

150.

“Toric mirror symmetry via shift
operators”

Speaker: Hiroshi Iritani (Kyoto U)
Date: Mar 17,2015
“Lepton-flavor-violating Higgs
decay h —pr and muon
anomalous magnetic moment in a
general two Higgs doublet model”
Speaker: Kazuhiro Tobe (Nagoya U)
Date: Mar 18, 2015

“Holography for Hadron Scattering
in the Regge Kinematics”

Speaker: Taizan Watari (Kavli IPMU)
Date: Mar 19, 2015

“A south Hemisphere prospective
on Dark Matter”

Speaker: Elisabetta Barberio (U
Melbourne)

Date: Mar 20, 2015

“The Coulomb branch of 3d N=4
theories”

Speaker: Tudor Dimofte (IAS)
Date: Mar 23, 2015

“Inequalities from Poisson brackets”
Speaker: Irina Davydenkova (U
Geneva)

Date: Mar 23, 2015

“ADE Little String Theory and
Triality”

Speaker: Mina Aganagic (UC
Berkeley)

Date: Mar 24, 2015

“Knots and Mirror Symmetry”
Speaker: Mina Aganagic (UC
Berkeley)

Date: Mar 24, 2015

“An area law for cosmology”
Speaker: Raphael Bousso (UC
Berkeley)

Date: Mar 26, 2015
“Machine-learning Inference of
Fundamental Stellar Parameters
From Large Photometric Surveys”
Speaker: Adam Miller (Caltech)
Date: Mar 26, 2015:

“Fast Radio Bursts (FRBs)"
Speaker: Shri Kulkarni (Caltech)
Date: Mar 27,2015

151. “Interstellar dust and its modelling”
Speaker: Ranjan Gupta (IUCAA,
Pune)

Date: Mar 30, 2015

152. “The A, structure from the
Berkovits formulation of open
superstring field theory”

Speaker: Yuji Okawa (U Tokyo)
Date: Mar 31, 2015

Kavli IPMU Komaba Seminar

1. “Donaldson-Thomas theory for
Calabi-Yau fourfolds”
Speaker: Naichung Conan Leung
(The Chinese U of Hong Kong)
Date: Nov 25, 2014

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
Nobuhiro Okabe [September 1, 2013
—March 31, 2015] moved to the
Graduate School of Science, Hiroshima
University, as an Assistant Professor.

JSPS postdoctoral fellow Koichi
Nagasaki [April 1,2014—March
31, 2015] moved to the Institute of
Particle and Nuclear Studies, KEK, as a
research fellow.

Also, JSPS postdoctoral fellow
Hiroshi Takano [April 1, 2014 —March
31, 2015] was appointed as a support
scientist at the Kavli IPMU.

Erratum to the Printed Version of
the Kavli IPMU News No. 28
On page 14, at the bottom of the
middle column, “Poincare” should
read “Pasteur.” (This erratum does not
apply to the web version of the Kavl/i
IPMU News No. 28.)
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Matter Effects on Neutrino Oscillations

Michael Smy

Researcher, Department of Physics and Astronomy, the University of California, Irvine
and Kavli IPMU Visiting Associate Scientist

Neutrino types or flavors are described as different linear combination of several distinct
mass eigenstates. WWhen neutrinos propagate through space, the type appears to
oscillate due to phase shifts between the mass eigenstates: a mass eigenstate of mass
m and energy E acquires the phase L(E-m”/E) after propagating a distance L in vacuum
(if the mass is much smaller than the energy). When propagating through matter,

elastic scattering of electron-neutrinos differs from those of other types which results

in additional phase shifts affecting the oscillations. The large density of the solar core
resonantly converts solar electron-neutrinos above an energy of about five MeV to the
second mass eigenstate (Mikheyev-Smirnov-Wolfenstein resonance), while solar electron-
neutrinos below one MeV oscillate only because of the propagation phase difference.
On earth this appears as an energy dependence of the fraction of electron-neutrinos in
the solar neutrino beam. In addition, some of the non-electron solar neutrinos passing
through the Earth at night convert back to electron-neutrinos leading to a diurnal
variation of the electron-neutrino fraction. Super-Kamiokande has searched for both
energy dependence and diurnal variation and found a ~3c significance indication of a
~5% diurnal variation, but so far no evidence of the energy dependence of the solar
resonance.
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Millenium simulation, Spr‘ingel et al. 2005
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Workshop Report
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Workshop Report
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