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Director’s Corner

Hitoshi Murayama at Work Hitoshi Murayama

January 5: Kavli IPMU and the Institute of Statistical Mathematics (ISM) signed

a memorandum of understanding on research partnership between the two January 6: From left to right: Tsutomu Yanagida, Hitoshi Murayama, Takaaki
organizations. From right to left: ISM Director-General Tomoyuki Higuchi, Kavli Kajita, and Masataka Fukugita, on the occasion of a round-table talk (see p. 10).
IPMU Professor Naoki Yoshida, and Hitoshi Murayama.

January 10: The Kavli IPMU and Tokyo Institute of Technology’s Earth-Life Science Institute (ELSI) jointly organized a public lecture entitled “Question of Origins” Director'
at Miraikan (The National Museum of Emerging Science and Innovation). (Photo on the left) Hitoshi Murayama giving a talk. (Photo on the right) Discussion of the Irectolg
three lecturers. From left to right: ELSI Director Kei Hirose, Hitoshi Murayama, University of Tokyo’s Center for Philosophy (UTCP) Director Shinji Kajitani. Corner

January 18: A commemorative lecture event honoring Nobel Prize in Physics recipient Professor Takaaki Kajita was held at the University of Tokyo’s Yasuda
Auditorium. (Photo on the left) Hitoshi Murayama giving a talk. (Photo on the right) Hitoshi Murayama and Takaaki Kajita answering questions.
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Kavli IPMU Assistant Professor M a rk H a rtZ

Research Area:Experimental Physics

Probing the Fundamental Laws of Nature

with Neutrinos

The Standard Model of particle physics describes
the fundamental building blocks of matter in the
universe and the interactions in which matter
participates. Included in the Standard Model are
the particles associated with matter itself, the
fermions, the particles associated with interactions,
the gauge bosons, and the particle responsible
for generating the masses, the Higgs boson. The
Standard Model also includes anti-particles that
have opposite electrical charge and are mirror
images of the particles. The ordinary matter we
see in the universe is made of the Standard Model
particles, but we know that the anti-matter particles
exist since they are produced by some physical
processes in nature, and they can be produced
in laboratories. The Standard Model particles are
summarized in Figure 1. The neutrinos are fermions
that have a unique position in the Standard Model.
Neutrinos are electrically neutral particles that only
participate in the weakest type of interactions and
have masses much smaller than any of the other
fermions. In fact, the neutrino masses are so small
that we don’t yet know the precise value. However,
we can say that the neutrino masses are less than
about 1 millionth of the mass of the electron, the
next lightest fermion. The mystery of why the

neutrino masses are so small compared to the
other fermions can only be solved by expanding
our understanding of nature beyond the current
Standard Model.

How do we know neutrinos have
Nnon-zero masses?

If the neutrino masses aren’t precisely known,
how do we know neutrinos are not massless like
the photon? The discovery of neutrino masses is
one of the great stories of science in the last half
century. It begins in the late 1960s with the famous
Homestake experiment led by Nobel Prize winner
Raymond Davis. In this experiment, neutrinos
produced in the sun, solar neutrinos, were detected
in a deep underground mine in South Dakota, USA.
The detected rate of neutrinos was significantly less
than what was expected, and scientists considered
the possibility that our model of the physics inside
the sun was wrong. The mystery deepened in the
1980s when detectors such as the Kamiokande-II
detector in Japan also detected indications of
a deficit of neutrinos produced when cosmic
rays interact in the earth’s atmosphere, so-called
atmospheric neutrinos. These deficits could be
explained by the behavior of neutrinos, rather
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Figure 1. The particles in the Standard Model of particle physics
are shown. The neutrinos are the lightest fermions, and they
only interact by the weak force through the Z and W bosons.

than the processes that produced them. There are
three types of neutrinos: electron neutrinos, muon
neutrinos and tau neutrinos. Electron neutrinos are
produced inside the sun, while the atmospheric
neutrinos are predominantly muon and electron
neutrinos. In the Homestake or Kamiokande-

Il experiments, only the electron neutrinos or
muon and electron neutrinos were detected,
respectively. Hence, if an electron neutrino could
transform into a muon or tau neutrino, it would
be undetectable by the Homestake experiment. By
the same reasoning electron and muon neutrinos
transforming into a tau neutrinos would not be
detected at Kamiokande-Il. This phenomenon called
neutrino oscillations could explain the deficits, but
it requires that the neutrinos have masses.

Why do néeutrino oscillations imply
massive neutrinos?

Why do neutrino oscillations require that
neutrinos have mass? The electron neutrino, muon
neutrino and tau neutrino names are derived
from how each type of neutrino interacts. The
interactions of electron neutrinos are associated
with the production of an electron, while muon
neutrino interactions produce muons and tau

neutrino interactions produce taus. Physicists have
named this property of neutrinos their flavor and
we say that neutrinos can be described by states

of definite flavor. Another property of neutrinos is
their mass. The mass determines how a neutrino of
a particular energy propagates between two points.
In the same way that there are states of definite
flavor, there can also be states of definite mass. In
the strange world of quantum physics, it is possible
that each neutrino state of a definite flavor consists
of a combination of different neutrinos states

of definite mass. When the neutrino of definite
flavor is produced, its components of definite mass
can propagate differently because the masses

are different. This causes the relative fraction of
each mass component to vary as the neutrino
propagates. After propagating some distance,

the neutrino no longer has its initial flavor, but it
becomes a combination of the all three flavors

and may interact as a different flavor than the
original flavor, as illustrated in Figure 2. This process
of neutrino oscillations requires that neutrino
masses exist and differ, because the differences in
propagation due to the neutrino masses cause the
oscillation effect.
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Figure 2. The muon neutrino, v,, of definite flavor is a combination of neutrinos of
definite mass, vy, v, and vs. As it propagates, the relative fraction of the mass states
changes and the neutrino becomes a combination of the flavor states. The probability

to interact as v., v, or v, depends on the size of a, b and c.

The discovery of neutrino oscillations

The hypothesis of neutrino oscillations was
triumphantly confirmed by two experiments
in the late 1990s and early 2000s. First, the
Super-Kamiokande experiment, a larger version
of Kamiokande-Il, showed that the deficit in
atmospheric neutrinos was a real effect and it
depended on the distance the neutrinos traveled
to reach the detector in a way that was consistent
with neutrino oscillations. Soon after, the SNO
experiment measured both the electron neutrino
rate and the sum of the electron, muon and tau
neutrino rates from the sun. They found that total
rate from all flavors is consistent with the prediction
from solar models, while confirming the deficit of
electron neutrinos. This showed that the electron
neutrino deficit was due to electron neutrinos
oscillating to muon and tau neutrinos. It was for
these discoveries that Takaaki Kajita from Super-
Kamiokande and Arthur McDonald from SNO
received the 2015 Nobel Prize in physics.

Precision meéasurements of neutrino
oscillations at T2K

Since neutrino oscillations have been established,

experimental particle physicists are now engaged
in precisely measuring the properties of these
oscillations. For precise measurements, we

turn to man-made sources of neutrinos. These
include neutrinos produced in nuclear reactors
and neutrinos made with particle accelerators.
The author and colleagues at the Kavli IPMU are
collaborators on the T2K experiment, which uses
accelerator neutrinos. The accelerator neutrinos
are produced by the same process that produces
atmospheric neutrinos, but instead of using
naturally occurring cosmic rays, we use protons
that are accelerated to a large fraction of the
speed of light in a particle accelerator. This allows
us to produce a high intensity beam of neutrinos
where the direction, energy and flavor content of
the beam are controlled. T2K stands for Tokai-to-
Kamioka, since the neutrinos are produced on the
east coast of Japan at the J-PARC accelerator in
Tokai-mura and they travel 295 km through the
earth to Kamioka, where a very small fraction of
them interact in the previously mentioned Super-
Kamiokande detector, as illustrated in Figure 3.
When a neutrino interacts in Super-Kamiokande,
we call this a neutrino event. Since the interaction
probability of neutrinos is very low, we only detect
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Figure 3. The T2K experiment uses a neutrino beam produced in the J-PARC
facility in Tokai-mura on the east coast of Japan. A small fraction of the neutrinos
are detected at the Super-Kamiokande detector located 295 km away.

hundreds of neutrino events in Super-Kamiokande,
even though more than a billion billion accelerator
neutrinos will pass through Super-Kamiokande over
the lifetime of the T2K experiment.

The T2K neutrino beam consists of almost 100%
muon neutrinos. The main process we are interested
in measuring is the oscillation of muon neutrinos to
electron neutrinos. At Super-Kamiokande, we can
detect the difference between a muon neutrino
and an electron neutrino interaction. Recall that
electron neutrino interactions produce an electron,
while muon neutrino interactions produce a
muon. Super-Kamiokande detects the electrons
and muons from neutrino interactions through a
process called Cherenkov radiation that produces a
ring of light on the detector wall. Electrons produce
a ring with fuzzy edges, while muons produce
sharp ring edges, and this difference can be used
to differentiate electrons and muons. Examples of
the patterns observed for muons and electrons in
Super-Kamiokande are shown in Figure 4.

The muon neutrino to electron neutrino
oscillation process is interesting for a couple of
reasons. First, its detection marks the first direct
evidence of one neutrino flavor oscillating into
another specific flavor. Second, this oscillation
process can be different for neutrinos and their

anti-matter partners, the antineutrinos. The search
for matter/anti-matter asymmetries in the laws of
nature connects to our understanding of how the
universe came into being. If matter and anti-matter
followed the same rules, we would expect the
universe to be made out of equal parts matter and
anti-matter. Since the universe consists of matter,
we search for physical processes that can produce
an imbalance. The oscillation of neutrinos is one
such process where an imbalance can occur.

In June of 2011, after the operation of T2K was
temporarily stopped by the Tohoku earthquake,
T2K published the first indication of muon neutrino
to electron neutrino oscillations. T2K observed 6
events when only 1.5 events were expected from
sources other than oscillations. The probability
for the 6 events to be explained by the non-
oscillation sources was 0.7 %. With great effort,
the J-PARC accelerator and T2K experiment were
able to recover from the Tohoku earthquake after
1 year, and the experiment resumed. In February of
2014, T2K published an update of the search for
electron neutrinos. The new result found 28 events
when only 4.9 events were expected from non-
oscillation sources. With this number of observed
events, the probability that they could be explained
by non-oscillation sources dropped to much less
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Figure 4. Examples of the simulated pattern observed by Super-Kamiokande when a neutrino interacts
to produce a muon (left) and an electron (right). The muons are identified by a ring with sharp edges,

while the ring produced by electrons is fuzzy.

than 1 part in a billion, strong enough evidence to

claim a discovery of the muon neutrino to electron
neutrino oscillation process. The energy distribution
of the 28 observed events is shown in Figure 5.

T2K’s future and beyond

Now that T2K has discovered the muon neutrino
to electron neutrino oscillations, T2K has switched
to a beam of muon antineutrinos to search for
muon antineutrino to electron antineutrino
oscillations. By measuring the rate of this oscillation
for both neutrinos and antineutrinos, T2K can
search for the previously mentioned matter/
antimatter asymmetry. In the summer of 2015, T2K
showed its first search for electron antineutrino
appearance. 3 events were observed with an
expected background of 1.8 events. The amount of
data is still too low to claim a discovery of muon
antineutrino to electron antineutrino oscillations,
but T2K continues to collect more data.

Over the lifetime of the experiment, T2K
expects to collect hundreds electron neutrino
and antineutrino events. If we are lucky, we may
observe the matter/anti-matter asymmetry with
99% confidence. The rate of collecting neutrino

and antineutrino interactions is so low because they
only interact weakly. To make an exhaustive search
for the matter/anti-matter asymmetry and to make
precise measurements of its properties, we need
thousands of events rather than hundreds. We

can increase the rate of events in two ways. First,
we can make the neutrino detector more massive.
The current Super-Kamiokande detector contains
50,000 tons of water in which the neutrinos can
interact. Scientists in Japan (including the Kavli
IPMU) and from around the world have proposed
a new neutrino detector called Hyper-Kamiokande,
which would be constructed near the current
Super-Kamiokande detector. Hyper-Kamiokande
would contain 1 million tons of water, making it
20 times more massive than Super-Kamiokande.
This would increase the rate of neutrino
interactions in the detector by a factor of 20. The
second way to increase the neutrino interaction
rate is by producing a more intense beam of
neutrinos. It is expected that the J-PARC neutrino
beam intensity can be increased by at least a factor
of 3 by the time that Hyper-Kamiokande is built.
The combination of the high intensity neutrino
beam and ultra-massive detector will make Hyper-
Kamiokande the world’s most sensitive experiment
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Figure 5. The energy dependence of the
observed electron neutrino candidate events by
T2K is shown in black. The blue hatched region
shows the contribution from non-oscillation
sources. The red line shows the contribution
from oscillations. The data are consistent with
oscillations.

to search for the matter/anti-matter asymmetry in
neutrino oscillations.

Summary

Neutrinos play a unique role in the Standard
Model of particle physics due to their very small
masses, which point to as-yet unexplained physics.
In particular, the oscillations of neutrinos provide
information about the neutrino masses and
may even include a new source of matter/anti-
matter asymmetry, which can help explain why
the universe consists of matter and not equal
parts matter and anti-matter. Scientist at the Kavli
IPMU are now involved in the T2K experiment,
which uses high intensity of muon neutrino and
muon antineutrino beams to search for muon
neutrino to electron neutrino oscillations and muon
antineutrino to electron antineutrino oscillations. If
we are lucky, T2K may discover the first indications
of the matter/anti-matter asymmetry in neutrino
oscillations with these measurements. Making
an exhaustive search for the matter/antimatter
asymmetry and precision measurements of the
neutrino oscillations will require at least an order
of magnitude more neutrino events than T2K

will detect. To achieve this additional sensitivity,
scientists from around the world have proposed
the Hyper-Kamiokande experiment, which consists
of neutrino detector 20 times larger than the
current Super-Kamiokande detector. If the Hyper-
Kamiokande detector is built, we expect that it
will continue the tradition of Nobel prize worthy
experimental neutrino physics in Japan that has
been established with the Kamiokande and Super-
Kamiokande experiments.
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Round Table Talk :

Conversation with Takaaki Kajita

Takaaki Kajita

Kavli IPMU Principal Investigator

Hitoshi Murayama
Kavli IPMU Director

Masataka Fukugita

Kavli IPMU Professor

Tsutomu Yanagida
Kavli IPMU Principal Investigator

Participated in Proton Decay
Search Conducted by Kamiokande

Murayama: Congratulations on the
Nobel Prize! | think you must be
extremely busy.

Kajita: Yes, the number of e-mails |
receive has significantly increased, for
instance:--

Murayama: You will feel things are
tough for a while. Thank you very
much for attending this round-

table talk even though you are so
busy. I'd like to start with a question
— why did you decide to join the
Koshiba group when you entered the
Graduate School of Science at the
University of Tokyo?

Kajita: As | wanted to participate in

a particle physics experiment, | had

a choice between the Fujii-Kamae
group and the Koshiba group.
Honestly speaking, | didn’t have an
idea about which to choose.
Murayama: Why did you want to
participate in a particle physics
experiment?

Kajita: As | was young, | hoped to do
research in fundamental science such
as elementary particle physics.
Murayama: Were you immediately

10

Hitoshi Murayama

Tsutomu Yanagida

involved in the construction of
Kamiokande?

Kajita: | had not visited the
construction site at all. It was just
when the first batch of 20-inch
PMTs (photomultipliers) were being
produced.

Fukugita: Were you not involved with
designing Kamiokande?

Kajita: No, not at all.

Murayama: Do you mean that

when you entered graduate school,
Kamiokande had been already
designed and Professor Koshiba was
leading its construction and you just
joined it?

Kajita: Exactly.

Fukugita: When did you enter
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Takaaki Kajita

Masataka Fukugita

graduate school?

Kajita: It was April in 1981.
Murayama: At that time, was the
Koshiba group still involved in an
experiment at DESY?

Kajita: Yes.

Murayama: Who decided a graduate
student would do which experiment?
Kajita: | have no idea. At the
beginning of 1981, Katsushi Arisaka
was writing his master thesis by
conducting a Monte Carlo simulation
study of the Kamiokande experiment.
I had been encouraged by him to
work on proton decay search before |
realized it [laughs].

Murayama: Was the IMB experiment
already running at that time?



Kajita: It was under construction.
Murayama: It is usually said that Prof.
Koshiba worked on the development
of 20-inch PMTs in order to compete
with IMB. Was it really so?

Kajita: | heard that story only indirectly
as you did.

Murayama: Then, the construction of
Kamiokande started. | guess there
were only a few members in the
team at that time — Atsuto Suzuki,
Arisaka, you, and---

Kajita: Prof. Teruhiro Suda of the ICRR
(Institute for Cosmic Ray Research)
and a few more.

Murayama: Yoji Totsuka was not there
at that time?

Kajita: Prof. Totsuka returned from
Germany in the spring, probably in
May, of the year | entered graduate
school. He was doing R&D of the
OPAL experiment, but helped us
because the Kamiokande team
suffered from lack of manpower
[laughs].

Murayama: At that time, was the
Kamiokande project being advanced
entirely by the Physics Department at
the Hongo Campus?

Kajita: No, Prof. Suda of the ICRR was
a member, and Prof. Jiro Arafune,
who helped us with theoretical issues,
was also at the ICRR. He then moved
to the Tokyo Institute of Technology.
Murayama: When was Kamiokande
completed?

Kajita: In July 1983.

Kamiokande Observed Neutrino
Burst Soon after Being Upgraded
Murayama: From then, how had it
been running till the supernova
explosion in 19877

Kajita: Prof. Koshiba was great. |
don’t remember the exact month,
but in the fall of 1983, he already
proposed upgrading Kamiokande
S0 as to observe solar neutrinos. He

also put forward the idea of Super-
Kamiokande, because Kamiokande
was too small for observing solar
neutrinos. | think the upgrading of
Kamiokande started some time in
1984.

Fukugita: Though Prof. Koshiba

was aiming to make solar neutrino
observations, the primary reason

for him to have proposed Super-
Kamiokande was his clear recognition
that proton decay would never be
discovered unless we had a larger
detector than Kamiokande.
Murayama: Did he think so because of
IMB? When was the first p—er limit
reported by IMB?

Kajita: It was in 1982.

Murayama: At that time, was there

a prevailing atmosphere that Grand
Unified Theories would not work?
Fukugita: We did not conclude so, but

Yanagida: The prevailing atmosphere
was that we needed a larger detector.
Fukugita: There were lots of
arguments in favor of p—vK.
Murayama: SUSY-GUT (Super-
symmetric Grand Unified Theories).
Kajita: Yanagida-san, you pointed out
the importance of vK. Was it around
19817

Yanagida: Yes, it was pointed out by
Weinberg and by Sakai-Yanagida. It
may be that Prof. Koshiba envisioned
vK around that time. Anyhow, he is
very quick in identifying theoretical
issues. In 1981 or in the first half of
1982, | was requested by him to give
a seminar on the seesaw mechanism
of neutrino mass because he was
interested in it. At that time, he was
very impressed with my talk, but
other people weren’t at all [laughs].
Murayama: He has a good sense.
Fukugita: His sense is extremely good.
Yanagida: Yes it is. His flair--- How
should | put it?

Murayama: So, the Kamiokande team
realized that a larger detector was
needed for a proton decay search
and decided to switch Kamiokande
to solar neutrino observation. For
that, you constructed an anti-counter
and lowered the threshold. Did you
then start a new phase aiming to
make observations of solar neutrinos
and supernova explosions?

Kajita: We did not consciously aim to
observe supernova explosions.
Fukugita: A supernova explosion
happened by chance when the
threshold was successfully lowered.
Murayama: And just a month before
it was not possible to observe it
because the radon level was too
high. As Prof. Koshiba was retiring

in a month, there was only a two-
month window [laughs]. A supernova
had exploded exactly 160,000 years
before the middle of this window.
Impossible!

Yanagida: Incredibly tiny probability.
Fukugita: Originally, the threshold was
near 100 MeV, wasn't it?

Kajita: No, it was 30 MeV. Probably
the analysis threshold was about

100 MeV, but it was for electrons.
Fukugita: Around that time, Rubakov
pointed out that monopoles, if they
existed, would catalyze proton decay.
Murayama: Yes, Callan-Rubakov.
Fukugita: Then, a 30 MeV muon
neutrino would be emitted. So | told
Prof. Totsuka many times to lower the
threshold so as to detect it.
Murayama: That's interesting.
Fukugita: Yes, Prof. Totsuka said it
was possible to lower the threshold
down to there, and he worked hard
with Atsuto Suzuki to achieve it. So,
before lowering the threshold down
to 6 MeV, there was an intermediate
stage to detect 30 MeV neutrinos.
Yanagida: | didn’'t know that story. |
didn’t understand why they aimed

Round
Table



at monopole-catalyzed proton decay
because | couldn't imagine that
experimentalists knew Callan-Rubakov.
Fukugita-san, you suggested:--
Fukugita: So, they succeeded in
lowering the threshold:--

Murayama: But, it must have been
very hard to further lower the
threshold below 10 MeV.

Fukugita: It was really hard, in
particular, to lower the radon level.
Murayama: What was the radon
removing process?

Kajita: First of all, we didn’t know
about the existence of radon. We
thought that the new hardware
would allow us to lower the threshold
down to 5-7 MeV as far as we took
the accidental rate into account. But
actually we found a trigger rate of
more than 1,000 Hz. We started by
wondering what the reason was.
Murayama: Do you mean that it was
difficult to understand it?

Kajita: Prof. Atsuto Suzuki was great.
As the trigger rate was 1,000 Hz, he
stopped the pure water system. Then,
the trigger rate rapidly dropped, and
from its decay rate he found that
radon might be the reason.
Murayama: How did you move
forward with removing impurities
from water?

Kajita: First of all, radon decays. So we
had to prevent Rn from leaking into
the Kamiokande detector. At first,

we continuously supplied fresh mine
water, that passed through filters,
into Kamiokande because mine water

was sufficiently clean.

Murayama: | see. At first, you were not
using the water recirculation system.
Kajita: That'’s true. At the level of
Kamiokande, we only needed to
recirculate water while keeping its
purity. But, as our pure water system
was not very good, it was very
difficult to do this.

Murayama: So, you managed to lower
the threshold down to about 10 MeV
only about a month before the
supernova.

Fukugita: Probably it was lowered

to that level around the end of
December, because it was 6 to 7 MeV
in January.

Kajita: | don’t remember any more,
but probably you are right.

Murayama: Then, a month or two
after the threshold had been lowered,
a neutrino burst suddenly happened.
What did you feel at that time?
Kajita: Then, | was staying at CERN.
So, I didn’t know about it. As | was
formally affiliated with the ICEPP

at the University of Tokyo, it was

my duty to help with the OPAL
experiment from time to time.
Murayama: By chance, | heard Maurice
Goldhaber’s speech at a dinner party
before his retirement. He first showed
a slide of the Kamiokande’s neutrino
burst events, and then another slide
of the IMB’s events. He said, “The
IMB events have higher energies. This
means that IMB observed the burst
slightly after Kamiokande. So, Koshiba
got it, but that’s life” [laughs]. What
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was the actual relation?

Fukugita: Kamiokande was asked

by IMB about the burst timing. As
IMB had a higher noise level, they
searched for and found events at
around the timing which they had
been informed of.

Murayama: Without knowing
Kamiokande’s timing, IMB would not
have been able to find the events?
Fukugita: | think it would have been
difficult. It may be that they would
eventually have found them, but not
so quickly like that.

Murayama: It sounds like it was
important.

Fukugita: Yes, it was extremely
important information.

Deficit of the Muon Neutrino Flux

Murayama: After the supernova
excitement, Kamiokande finally
entered an era of solar neutrino
observation. Were you involved with
the solar neutrino analysis?

Kajita: No, | was not.

Murayama: Have you been working
on atmospheric neutrinos since then?
Kajita: Yes.

Fukugita: Already around that time
Kamiokande people were speaking
about the atmospheric neutrino
problem.

Kajita: No, in the spring of 1987

we never spoke about it to people
outside the Kamiokande group.
Fukugita: | heard about a deficit in
1984 or 85, well before 1987.

Kajita: That must be a deficit of muon
decays.

Fukugita: In 1984 or 85, | heard from
Prof. Totsuka many times about a
deficit of muon decays--+, no, muon
flux. A muon neutrino produces a
muon, and an electron is produced
from muon decay. When he was
working hard on proton decay, he was



already aware of a deficit of that rate.
Murayama: But, the absolute fluxes of
atmospheric neutrinos were not very
reliable at that time.

Kajita: At that time, we had roughly
separated single Cherenkov rings
identifying them as being due to muon
neutrinos and electron neutrinos.

But the problem was that number

of electrons from muon decays was
significantly less than expected, though
the /e ratio looked OK.

Fukugita: In 1978, Frederic Reines et
al. first reported a muon flux deficit
from their experiment in South Africa.
They observed only 60% of what
they had expected---

Kajita: In their experiment, they used
a detector that could count only
penetrating muons. They reported the
ratio of Monte Carlo prediction/Data
was 1.6, but they did not explicitly
mention the deficit.

Fukugita: That means 60% of what
they had expected. So, the number
became known then, but no one
believed it would be a reliable flux.
Later, IMB also reported a slight
deficit earlier than Kamiokande.
Kajita: Actually, the submission date
of our paper was a few days behind.
Both Kamiokande and IMB reported
data showing fewer muon-decay
electrons than expected in single-ring
events.

Yanagida: When did we suspect the
possibility of neutrino oscillations?
Fukugita: Kamiokande's atmospheric
neutrino paper' published in 1988
describes lots of details, and the
possibility of neutrino oscillations is
suggested at the end of the paper.
But, | believed neutrino oscillations
had been discovered when | read
their paper” published in 1992.

Kajita: In our paper published in 1992,
we somehow doubled the amount of
data used and reported an allowed

region in the neutrino oscillation
parameter space.

Fukugita: At that time, you reported
the double ratio, the observed v, /v,
to the expected Monte Carlo value.
It was not 2:1 as expected, but about
1.2:1. That means that the v, flux was
about 60% of the expected value.
The flux uncertainties were cancelled
out because you took the double
ratio.

Murayama: But, calorimeter
experiments like Frejus did not
observe the v, flux deficit at that
time.

Fukugita: That's right. Both Nusex and
Frejus reported no v, flux deficit.
Murayama: They said something like
“Particle identification conducted

in a water Cherenkov detector may
be wrong,” because only water
Cherenkov detectors observed the v,
flux deficit.

Fukugita: Yes. At that time, Prof.
Totsuka said, “If it's wrong, we could
lose our credibility.” He was very
nervous.

Believed the Correctness of
Kamiokande’s Particle ID Algorithm
Murayama: Kajita-san, did you

first devise Kamiokande's particle
identification algorithm?

Kajita: Yes, | devised an algorithm
which, in the case of multi-ring
events, identified particles by
calculating electron-type and muon-
type probabilities for each Cherenkov
ring. When | applied it to the simplest

case, namely, single-ring events, |
found a significantly smaller number
of muons than expected. It was
around autumn in 1986. Then, |

first realized something strange in
atmospheric neutrinos.

Murayama: At that time, few people
believed it was possible to reliably
distinguish between clear muon
single rings and fuzzy electron rings?
Kajita: | believed so, because cosmic-
ray muons were identified as muons
with more than 98% probability, but

Murayama: What did the people
around you think? | mean, as a
community.

Kajita: | have no idea about that.
Probably people were confused
because soon after our paper, Frejus
and Nusex published papers in which
they reported no observation of a v,
deficit.

Murayama: Do you mean that there
were various opinions even inside the
Kamiokande group?

Kajita: Yes. Thanks to Professor
Koshiba we could publish our paper
in 1992, | think.

Murayama: Do you mean that he
thought it was very interesting?
Kajita: Rather than that, he advised
me, “You must write the next version
of the paper, because the current
paper remains unsatisfactory.”
Fukugita: The paper published in
1992 was very important.

Yanagida: We published our neutrino
oscillation paper’ at a rather earlier
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time. | think it was because we had
close contact with the Kamiokande
group. We believed their results.
Then, we thought if we could build a
model---

Fukugita: We published it in 1993,
about a half year after Kamiokande’s
publication in 1992. What most
people did not believe was nearly
maximum mixing. They thought
“How do you explain it?”.

Murayama: It was a prejudice.
Fukugita: Normally, we think the
mixing angle (sin 0) is about the
square root of the mass ratio. Then
it cannot be that large. However,
adopting Yanagida-san’s seesaw
mechanism, you can take the square
root once again. The 4th root of a
small number is nearly 1.

Yanagida: That is peculiar to the
seesaw mechanism. The root of a
root is 1.

Murayama: In 1991, | finished
graduate school and went to
Tohoku University. There, Yanagida-
san immediately told me to see if
atmospheric neutrino Monte Carlo
was really reliable. So, | made a
simulation to see if v,:v, was really
2:1.

Yanagida: Did | tell you that?
Fukugita: Around that time, it was
proposed that the v,:v, ratio may
shift from 2:1 if you take muon
polarization into account. But,
calculations showed that it produced
only a small effect.

Murayama: | found that the ratio was
really 2:1 even if | took every possible
effect into account. When did you
see the zenith-angle dependence?
Kajita: It was first reported in our
paper published in 1994
Murayama: It took a very long time.
Kajita: Yes, it really took a long time
from 1988 when we started. We had
accumulated data for 6 years, and

finally we wrote a paper. We felt,

“It wouldn’t help if we waited any
longer.”

Murayama: Because Kamiokande’s
fiducial mass was only 1,000 tons, it
was difficult. Moreover, looking at
the zenith-angle distribution, only
the first bin was significantly high,
but the other four bins could be
reasonably fit to a flat distribution.
So, | felt uneasy like, “Is there really
zenith-angle dependence?”.

Kajita: The double ratio compares
the data and Monte Carlo of the p/e
ratio. Then, as the observed number
of electron events was small, the
double ratio didn’t show a clear
zenith-angle dependence. Instead, if
you look at muons only, you can see
an up/down asymmetry with about
99% probability. But, 99% probability
is less than 3c.

Murayama: Was it not possible

to see upward-going muons in
Kamiokande?

Kajita: We did publish it, but probably
later in 1998.

Murayama: Oh, that late.

Kajita: Yes.

Murayama: IMB measured upward-
going muons, and from the stop/
through ratio they reported an
excluded region in the neutrino
oscillation parameter space.
Fukugita: It was around 1994.
Murayama: Looking at their paper
now, they very clearly excluded---
Kajita: Doubly excluded the perfectly
right region.

Murayama: What caused that? Was
that due to background?

Kajita: | do not remember precisely,
but | think it was caused by
something going slightly wrong.
Murayama: In the meantime,
construction of Super-Kamiokande
started.

Kajita: It started in 1991. It was
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completed and the data-taking
started on April 1, 1996.

Murayama: When did the main force
of the IMB group join?

Kajita: | think it was around 1992.
Murayama: Oh, immediately after the
construction had started. They joined
Super-Kamiokande, because they
could not fix the water leak of the
IMB tank.

Kajita: Yes, it was due to their reason.
Murayama: Did the Japanese group
accept them immediately?

Kajita: Basically, yes.

Obtained Decisive Evidence from
Super-Kamiokande

Murayama: Having started data-
taking in 1996, you very quickly
accumulated the data. Soon the up/
down asymmetry of muon neutrinos
showed up. Then were you very
excited?

Kajita: At that time, | was very glad at
heart.

Murayama: Around the end of 1997,
Hank Sobel visited Berkeley as a
colloquium speaker. He showed
data indicating a large up/down
asymmetry. So, | said to him, “It
looks more than 5. Why don’t

you announce it as a discovery?”

He answered, “No, | cannot say my
personal opinion, because this is the
Collaboration’s result” [laughs]. How
did it converge to a level that allowed
a real announcement to be made?
You had been showing the data
without concealing anything at all.
Kajita: Super-Kamiokande always
presents the data when they are
summarized. So, we did not conceal
the data at all.

Murayama: What kind of discussion
was there in the group before you
finally announced the evidence at
the International Conference in
Takayama?



Kajita: | don’t remember, but probably
we had been waiting until it was
confirmed that we could consistently
explain everything such as upward-
going muons.

Murayama: Then, you thought that
only the zenith-angle dependence

of the multi-GeV events was not
sufficient. It was not until you
obtained other pieces of supporting
evidence--- At that conference, |

was deeply moved. Originally, the
conference had been scheduled to be
held in Sudbury, Canada, but because
of a delay in SNO’s construction the
venue was changed to Takayama at
short notice. It was the right decision
for Japan to have hosted it.

Fukugita: Around that time, neutrino
oscillations were obvious to me. So,

| wasn't very excited [laughs]. For

me, Kamiokande’s paper in 1992
was extremely important. | firmly
recognized the reality of neutrino
oscillations.

Murayama: But, for the first time in
1998 it was shown experimentally
with more than 5¢ that the Standard
Model is not perfect. Then, after

you had shown the data in 1998,
what reaction to you did the people
around or the entire community
have? My impression was that
everybody believed it soon.

Kajita: | had the impression that it
was accepted more than expected.
Murayama: Do you mean you
expected quite a bit of objections?
Kajita: | expected some, because | had
continuously witnessed those things
for 10 years [laughs].

Fukugita: It might have been different
if there had not been a prehistory
before 1998. Because of that, people
thought “Atmospheric neutrinos may
possibly oscillate with a large mixing
angle.” So, by looking at the decisive
data presented in 1988 they felt at

ease, like “Yes, that’s it!”

Murayama: | also felt that it gradually
converged. Though the Soudan
experiment had a calorimeter
detector, that group started to report
a low double ratio. At KEK, a water
tank was built to check the particle
identification capability. It is true that
the uneasy factors were gradually
removed. But | remember around
that time | heard many collider
people saying things like “As a water
Cherenkov detector is not very
precise, it is unlikely that such a kind
of thing will be clarified with it.” So,

| found some PhD thesis on Super-
Kamiokande’s website and read

it thoroughly. This thesis carefully
studied various systematic errors.
Then, when | was staying at CERN

| held a seminar. It was after the
Takayama Conference. | mentioned
what | understood about atmospheric
neutrinos, such as to what extent
various factors were reliable. Many
experimentalists staying at CERN
came to this seminar. They were
mostly skeptical at that time.
Fukugita: | think John Bahcall was very
skeptical even after the Takayama
Conference. He asked me many
times, “Is their experiment reliable?”.

Future Direction of Neutrino
Physics

Murayama: Well, what is future
direction of neutrino physics?
Fukugita: Investigations of
(neutrinoless) double beta decay.
Murayama: KamLAND-Zen is leading
the world now.

Fukugita: The present effective

mass limit from KamLAND-Zen

is somewhere between 120 and
250 meV, considering rather large
uncertainties in nuclear matrix
elements. However, in the case of the
normal neutrino mass hierarchy, the

effective mass is 5 meV- -
Murayama: Normal hierarchy is very
difficult. The effective mass can be
even zero.
Fukugita: The effective mass is zero if
cancellation occurs due to opposite
CP phases. Even if we exclude
this possibility, the present limit is
50 times greater than 5 meV. That
means a detector volume that is
2,500 times larger is needed.
Kajita: The factor 2,500 is for the case
of no background. Background, if
there is any, makes things worse.
Fukugita: Even for the inverted
hierarchy, if we assume the effective
mass to be 40 to 50 meV, it means
an improvement by a factor of five,
which in turn means a factor of 25 in
volume. It would be difficult to make
KamLAND bigger.
Murayama: There is an idea of
suspending a balloon in Super-
Kamiokande.
Fukugita: Even if you do it, it will
be impossible to discover double
beta decay during my lifetime if the
normal hierarchy is the true one.
Murayama: Do you think it is possible
to verify leptogenesis?
Fukugita: It's difficult. We were
motivated by Rubakov et al.’s
argument’ that baryons created
by normal baryogenesis will be
completely washed out. At first, |
suspected their argument was wrong,
but accepted it in due course. So,
I thought we should try to find a
solution.

| have an interesting plot here.
Yanagida-san and | wrote this paper”
in 1986.
Murayama: You published it in 1986.
It was well before the discovery of
neutrino oscillations.
Fukugita: This plot shows the
yearly number of citations of the
leptogenesis paper. We published
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it here, but at first it was very

poorly accepted. In 1998, neutrino
oscillations were accepted by the
community, and thereafter the
number of citations per year has
increased. Recently, this paper has
been having about 120 or 130
citations every year. These data are
taken from ADS (Astrophysics Data
System). SPIRES (database of particle
physics literature) will give slightly
higher citation numbers for this
paper.

Murayama: Oh, | get it [laughs]. It's
due to greater credibility since the
discovery of neutrino oscillations.
Kajita: After the first few years of
the 2000s, we started to extensively
discuss how to explore CP violation
in the neutrino sector. In relation to
it, the importance of leptogenesis has
been highlighted.

Yanagida: | am very happy with it.

It means that theoretical physics

has greatly developed thanks to
experiments. This sort of thing does
not happen so often. If double beta
decay is discovered, it will be--
[laughs].

Fukugita: You can readily understand
to what extent there is a delay

in the increase in the number of
citations. At first, we submitted our
leptogenesis paper to Physical Review
Letters, but it was rejected.
Murayama: Oh, was it?!

Fukugita: At that time, Yanagida-
san was staying at DESY. So we
submitted it to Physics Letters and it
was accepted soon.

Yanagida: Yes, it was.

Fukugita: So, its publication was
delayed by three or four months.

As | said, at first it had a very poor
reputation. So, a long-range view is
really needed.

Yanagida: It's a good example of it.
But, this paper would not have been
widely noticed if there had not been
neutrino oscillation results from
experiments at Kamioka. | feel it is
very impressive.

Sakharov’s three conditions for
creation of matter in the universe
are baryon number violation, CP
violation, and departure from
thermal equilibrium. To come up
with leptogenesis, we changed only
one factor in Sakharov’s framework,
namely we changed the baryon
number to B-L. Then we came up
with the prediction that neutrinos
have Majorana masses. | think this
prediction corresponds to Sakharov’s
prediction of proton decay. Even
if it is not possible to really check
leptogenesis, non-zero neutrino mass
has been experimentally verified.
Fukugita: Furthermore, it predicts
a plausible neutrino mass. It is
interesting that the average neutrino
mass should be less than about
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100 meV. For a heavier neutrino
mass, it's not possible to create a
baryon number.

Murayama: Yes, the baryon number is
washed out.

Yanagida: It's very important.
Fukugita: It is a very important result
of Buchmiiller et al.’s calculation.”
This 100 meV is comparable to every
limit. The upper limit from double
beta decay is 120 meV. Should
double beta decay be discovered
there, leptogenesis would get into
difficulties. Also, the present limit for
the sum of three neutrino masses
from cosmology is less than 200 meV.
Murayama: Well, it is analysis-
dependent.

Fukugita: Analysis is difficult. What

I can trust is a limit of less than

600 meV for the sum of three
neutrino masses, because it uses
only CMB (cosmic microwave
background). A limit of 200 meV uses
BAO (baryon acoustic oscillations).
That aside, 200 meV divided by 3
gives 60 meV. It is the present goal
of double beta decay as well as
cosmological constraint. So, the next
goal is about 50 meV.

Yanagida: In that sense, leptogenesis
will be seriously checked from now
on, as to whether the upper limit of
neutrino mass will be lowered from
100 meV or 50 meV. If neutrino
mass turns out to be near these
finite values, leptogenesis would be
strongly constrained.

Fukugita: For now, everything
indicates neutrino mass to be less
than this upper limit. It is sort of like
searching for a sunken ship in the
Pacific Ocean.

Yanagida: We should recognize that.
It is very important if the upper limit
is really lowered.

Fukugita: Lowering this limit as much
as possible is meaningful even if



the result is not drastic. Of course,
searching for double beta decay

is the best way. But, if the normal
hierarchy were true, it would be
hopeless.

Kajita: How about if the inverted
hierarchy is true?

Fukugita: Still difficult. As the target is
40 meV, you have to lower the limit
by a factor of 5.

Kajita: My impression is that it may be
possible to lower it by a factor of 5.
It should be manageable one way or
another during our lifetime.

What Will Be the Next Discovery
in Neutrino Physics?

Murayama: What will be the next
surprise, if there is any, in neutrino
physics?

Yanagida, Kajita: Inverted hierarchy.
Murayama: How about sterile
neutrinos?

Fukugita: | don’t think they exist.
Yanagida: | don’t believe in them.
Murayama: Will you be astonished if
inverted hierarchy is proved true?
Yanagida: If so, it will be astonishing.
In some meeting, probably at DESY,
Ed Witten said, “Neutrinos’ large
mixing angle was a great surprise.
We may have another surprise.” He
stopped without saying anything
more. | wonder what the surprise is.
Is it inverted hierarchy?

Fukugita: If inverted hierarchy should
be true, it would be a surprise. It
would be almost impossible to
explain it.

Yanagida: It will be possible for me to
put forward a far-fetched argument
[laughs].

Fukugita: Yanagida-san is great. He
can always put forward a far-fetched
argument [laughs].

Yanagida: After all, double beta decay
is important, isn’t it?

Murayama: Double beta decay and

cosmology.

Fukugita: In cosmology, the most
reliable results are obtained by using
only CMB. But, the limit comes from
the fact that matter is nonrelativistic
at the epoch of recombination. So,
using only CMB, we cannot lower the
limit too much. This is a difficult point
for cosmology.

Murayama: Then, if we emphasize the
surprise, our tentative goal should be
showing a large neutrino mass and
excluding leptogenesis [laughs].

Hoping for Coincident Supernova
Observation by KAGRA and Super-K
Murayama: Kajita-san, what is your
future plan with neutrino physics?

| think you must be very busy with
the KAGRA gravitational wave
experiment for the moment.

Kajita: As the neutrino community
want to see Hyper-Kamiokande
achieved, I'd like to support it as
much as | can.

Murayama: What is your view on the
prospects of KAGRA?

Fukugita: What is the prospect of
detecting gravitational waves?

Kajita: | think we have good
possibilities.

Murayama: We can expect to conduct
astronomy with it. Some supernova
explosions may not be optically
observed, but can be detected by
gravitational waves.

Fukugita: | think supernova explosions
would not emit gravitational waves
too much. So, should they be
detected by gravitational waves,
clearly it would be a surprise.
Murayama: For instance, if the
gravitational collapse of a massive
star forms a black hole, no supernova
explosion occurs. Then, it can be
observed only by neutrinos and
gravitational waves. It cannot be
seen by telescopes. Such a scenario

may be quite possible. It would be
very interesting if KAGRA and Super-
Kamiokande detected signals at the
same time at Kamioka, but telescopes
observe nothing.

Fukugita: If that happens, it’s great. It
would be much more interesting if
signals were detected only in Japan
[laughs].

Murayama: The third Nobel Prize from
Kamioka may not be a dream.
Fukugita: You have to have another
gravitational wave detector
somewhere for coincident signal
detection. With a gravitational
detector, you have so many signals
with more than 10c significance.
Murayama: Coincidence is important.
Kajita: We expect coincidence with
LIGO in the US. LIGO is already
running.

Murayama: Well, time’s up now.
Kajita-san, good luck in your future.

I am really happy with your Nobel
Prize. It means a lot to me.

Kajita: Thank you very much.
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Special Contribution

Nobel Week Report

Masayuki Nakahata

Kavli IPMU Principal Investigator

During the week of December
6-12, 2015, the Nobel Prize Award
Ceremony and related festivities took
place in Stockholm. As | was invited
by Dr. Takaaki Kaijita as a guest to
attend these amazing festivities, |
would like to report on Nobel Week
2015.

On December 6, there was a
laureates’ get-together at the Nobel
Museum, and they each donated
to the museum collection an
object connected to their work. Dr.
Kajita donated a 20-inch diameter
photomultiplier (PMT) for the Super-
Kamiokande’s inner detector as
well as an 8-inch PMT for its outer
detector. Also, Dr. Arthur McDonald
donated 500-ml bottles, each
containing the same volume of heavy

Photo 1: A 20-inch PMT and an 8-inch PMT for the Super-Kamiokande
experiment and heavy water (D,0) used in the SNO experiment and light
water (H,0). They were donated to the Nobel Museum.

water (D,0) which was used in the
SNO experiment, and light water
(H,0). They were put on each side

of a balance. These donations are
displayed together in the same box,
as shown in Photo 1. When Professor
Masatoshi Koshiba was awarded the
Nobel Prize in Physics in 2002, he
donated a 20-inch PMT, which had
actually been used in the Kamiokande
experiment. | also saw it in the Nobel
Museum. Though only a few dozen
donations from laureates are exhibited
in the Nobel Museum because the
building is not that large, there are
two 20-inch PMTs among them. | felt
it was a great honor. On that day,
laureates signed the undersides of
the chairs according to the tradition
of the Nobel Museum. Photo 2 shows

Nobel Museum.
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the chair with the signatures of Dr.
Kajita and Dr. McDonald.

The Nobel Lectures in Physics
took place on December 8 at the
Aula Magna, Stockholm University.
Though the venue was a big
auditorium with a capacity of 1,200,
it was almost full. I was particularly
surprised that there were so many
young people who appeared to be
university students. | felt envious of
those students in Stockholm, because
they can hear the historical lectures
of Nobel laureates every year. After
Royal Swedish Academy of Sciences
President Christina Moberg’s address
and the Nobel Committee for Physics
2015 chairperson Anne L'Huillier’s
introduction, Dr. Kajita presented
his 30-minute lecture (see Photo 3).

Photo 2: A chair with the signatures of Dr. Kajita and Dr. McDonald displayed in the



Photo 3: Dr. Kajita giving his Nobel Lecture.

He told the story of Kamiokande’s
startup around 1983; the story of
his data analysis around 1986, which
led to the discovery of atmospheric
neutrino oscillations; and the story
of Super-Kamiokande’s startup. He
then showed the famous slides he
presented at the 1998 Neutrino
Conference. He also mentioned that
long baseline neutrino oscillation
experiments have confirmed
neutrino oscillations, that the third
oscillation mode was discovered in
the 2010s, and that large-scale future
experimental facilities are being
planned, aiming at starting in the
2020s. Finally, he acknowledged his
collaborators in the Kamiokande and
Super-Kamiokande experiments.
Subsequently, Dr. McDonald
gave a 30-minute lecture. He said

Photo 5: President of the University of Tokyo Gonokami (right) and old

Kamiokande members at the Nobel Reception.

Photo 4: Nobel Concert. Dr. and Mrs. Kajita sitting in front of the camera.

that solar neutrino observations
have been conducted based on the
great achievements by Hans Bethe,
William Fowler and others; how

the SNO experiment was started;
and how solar neutrino oscillations
were discovered. He also said future
experiments were now under
preparation at the SNOLAB. Finally, he
acknowledged his 262 collaborators
who are coauthors of the SNO’s
papers.

At noon on that day, the Embassy
of Japan hosted a reception at an
elegant hall in the Grand Hotel,
where the laureates and their guests
stayed. After Ambassador Jun
Yamazaki's opening address, the
2015 Nobel laureate in Physiology or
Medicine, Dr. Satoshi Omura, gave
his speech, followed by Dr. Kajita. As

young Japanese postdocs working
in Sweden attended this reception,
I had a chance to speak with young
researchers in the field of physiology.

In this evening, the Nobel Prize
Concert was held at the Stockholm
Concert Hall (see Photo 4). The
performance of the gifted twenty-
four-year-old pianist Daniil Trifonov
was simply overwhelming. After
the audience enjoyed a glass of
champagne in the intermission, at
the beginning of the second half,
conductor Franz Welser-Most gave a
speech in which he said that Nobel
laureates in science are working on
reality, but music can go beyond
reality.

In the evening of December 9, a
reception was given by the Nobel
Foundation and the Royal Swedish

Spedial
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Photo 6: Dr. Kajita and his guests from the Super-Kamiokande group.



Photo 7: Nobel Prize Award Ceremony. Copyright © Nobel Media AB 2015, Photo: Pi Frisk

Academy of Sciences at the Nordic
Museum. In the hall of the Museum,
executives of the host organizations
shook hands with each attendant.
President of the University of Tokyo
Makoto Gonokami was also invited
to the Novel Week as a guest; Photo
5 was taken with old Kamiokande
members during the reception.

The highlights of Nobel Week,
the Nobel Prize Award Ceremony
and the Nobel Banquet, took place
on December 10. The dress code
for men for the festivities up to

December 9 was business suit or dark

lounge suit (for the Nobel Concert),
but the dress code for men for the
Award Ceremony and Banquet
was white tie and tails. We had
sent our measurements for renting
men’s formal attire before leaving
for Stockholm, so a tuxedo was
prepared for each guest by a tailor
in Stockholm. In the afternoon of

20

December 8, guests visited this tailor
for fitting and to learn how to put on
a tuxedo. Guests gathered in formal
attire on December 10. Photo 6
shows Dr. Kajita and his guests from
the Super-Kamiokande group, taken
in the hotel just before leaving for the

Award Ceremony.

The Nobel Prize Award Ceremony
was held at the Stockholm Concert
Hall with about 1,500 guests. The Hall,
where the Nobel Concert had been
held two days before, was rearranged
for the Ceremony. Photo 7 shows the

Photo 8: Dr. Kajita receives his diploma and medal from King Carl XVI Gustaf of Sweden.

Copyright © Nobel Media AB 2015, Photo: Pi Frisk
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stage of the Award Ceremony. The
Nobel Prizes in Physics, Chemistry,
Physiology or Medicine, Literature,
and the Nobel Memorial Prize in
Economic Sciences were awarded,
in this order. Dr. Kajita was the first
laureate to be awarded the Prize (see
Photo 8). For each Prize category,
after a presentation speech to extoll
the work of the laureate(s) in Swedish,
King Carl XVI Gustaf of Sweden
presented a diploma and medal to
each laureate. When the Prize was
presented by the King, the audience
rose and a fanfare resounded through
the Hall. I was deeply moved by this
solemn Award Ceremony. Photo 9
shows Dr. Kajita’s medal and diploma.
The Nobel Banquet took place
in the City Hall, attended by 1,300
people (see Photo 10). When the
laureates, the King and Queen and
other members of the Royal Family
of Sweden, as well as the other
main guests walked into the hall, Dr.
Kajita's wife was escorted by King
Carl XVI Gustaf. They headed the
procession. Dr. Kajita was escorted
by Princess Sofia (wife of Prince Carl
Philip). The meal started off with
hors d'oeuvres (turbot and scallop
with sea plants) followed by roasted
veal wrapped in mushrooms as the

Photo 9: Dr. Kajita’s Nobel Prize medal and diploma.

main course and coffee and almond
flavored cherry blossom for dessert.

| felt that the menu was thoughtfully
and creatively elaborated. There was
an after dinner speech given in each
Prize category. Dr. McDonald gave

a speech as laureate in Physics. He
began his speech by saying, “Today

I am speaking for Prof. Kajita and

our two scientific Collaborations,
SuperKamiokande and SNO, of which
there are a number of representatives
here with us today.” Let me quote the
main part of his speech.

“-+-_ It has been said that behind
every success there is effort, behind
the effort there is passion and behind
the passion there are people with
the courage to try. Prof. Kajita and
| have been very fortunate to have
many highly skilled and courageous
collaborators and we thank them for
their contributions to our success.
There are several founders of our
collaborations who have passed
away that we would particularly
like to remember: Yoji Totsuka for
SuperKamiokande and Herb Chen for
SNO. We will be forever thankful for
their contributions to the success of
our experiments.” ™

After the banquet, there was the
Students’ Nobel NightCap organized

by the Stockholm University Student
Union from midnight until 5 am. I did
not join it, but a participant told me
that it was something like a campus
festival.

On December 11, BBC recorded a
program called “Nobel Minds,” which
is a round-table discussion program.
The Nobel laureates sat around a
table surrounded by students, and the
laureates answered questions from
the students. It was a nice program
because we can hear what laureates
think about their respective fields of
research from a global point of view.
If you are interested in this program,
you can watch it on the BBC or Nobel
Foundation’s websites.

Having attended Nobel Week,
what | felt most strongly was the fact
that many students and citizens are
interested in science in general and
they enjoy the brilliant achievements
of the Nobel laureates. In Japan,
our interest tends to focus on
Japanese Nobel laureates. Looking at
Scandinavian people who approach
science from a global point of view, |
felt the importance of history.

* http//www.nobelprize.org/nobel_prizes/physics/
laureates/2015/mcdonald-speech.html, Copyright
© Nobel Media AB 2015

Spedial
Contribution

Photo 10: Nobel Banquet. Copyright © Nobel Media AB 2015, Photo: Alexander Mahmoud
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Our Team

Research Field: Theoretical Physics

Feng Luo

Postdoc

My research interests are at the interface of
theoretical particle physics and cosmology. | am
especially interested in theoretical models with
testable predictions, and | am studying how to
describe various physical phenomena within a
consistent framework. An attractive framework
is supersymmetry, which provides one solution to
several fundamental questions. In addition to the
intrinsic elegance of the theory, supersymmetry is
phenomenological attractive because we can now
test it in the Large Hadron Collider and dark matter

Matthias Weissenbacher

Postdoc

My research interests lie in the field of string
phenomenology, which connects the UV complete
framework provided by Superstring theory to field
theoretical models such as the Standard Model of
particle physics and cosmology. The connection is
established using “string effective actions,” given by
certain supergravity theories. Especially beneficial is
the approach over F-theory, which is best accessed
through eleven-dimensional supergravity and
allows to deduce 4d, N=1 supergravity theories that
exhibit chiral spectra and exceptional gauge groups
relevant for Grand Unified Theories. My current

search experiments, as well as check it against
cosmology including Big-Bang nucleosynthesis. |
believe a thorough exploration of this framework can
guide us to find a clearer path and new directions in
looking for beyond the Standard Model physics.

Research Field: Theoretical Physics

focus is on string theory induced o, g, and Kaluza-
Klein corrections to these supergravity theories. The
study of the modified dynamics of these effective
theories, especially the determination of their vacuum
structure, is of crucial phenomenological importance
and also of significant conceptual interest.
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Workshop Report

Workshop on Astrophysics of Dark Matter

Alexander Kusenko

Professor of Physics and Astronomy at UCLA

and Kavli IPMU Visiting Senior Scientist

The Astrophysics of Dark Matter
focus week, held at the Kavli IPMU
on October 13 - 16, 2015 brought
together particle physicists and
astrophysicists to discuss one of
the most intriguing mysteries in the
universe, the mystery of dark matter.

Most of the matter in the universe
is dark matter; it is not composed
of ordinary atoms, but, rather, of
new, yet undiscovered particles. The
presence of dark matter is seen by
its gravity. Dark matter mass can
be measured in several ways. First,
gravitational lensing observations,
using the bending of light by massive
objects, can determine the masses of
the “lenses” composed of dark matter.
Second, the temperature of gas in
clusters of galaxies, inferred from
x-ray observations, can be used to
determine the depth of the potential
well containing this gas. Third, the
spectrum of temperature fluctuations
in the cosmic microwave background
radiation left from Big Bang can
be used to measure the ratio of
all gravitating matter to ordinary
matter, which, unlike dark matter,
feels the pressure of photons. Finally,
the measured speeds of galaxies in
clusters and of stars in galaxies tell
us about the gravitational pull of the
mass in those objects. All of these
independent measurements converge
on the same number: dark matter
outweighs ordinary matter by more

than a factor five.

However, the composition of
dark matter remains a mystery. One
can show that none of the particles
discovered so far can make up dark
matter, and, therefore, identification
of dark matter will be a discovery
of at least one new particle, taking
science in a new direction beyond
the standard model of particles and
interactions.

To solve the mystery of dark matter,
one must understand any non-
gravitational interactions it might have
because these interactions may allow
us identify the dark matter particles.
Astrophysics can probe the nature of
dark matter in several ways.

Dark matter has played a leading
role in forming structures we see in
the universe today, such as galaxies,
clusters of galaxies, etc. The smallest
possible structures in the universe
depend on whether dark matter is
cold or warm, that is, how fast the
dark matter particles were moving
at the dawn of structure formation.
The density profiles of dark matter
halos can also be affected by self-
interactions of dark matter particles
with each other. Observations of
dwarf spheroidal galaxies, and the
determinations of the dark matter
profiles of galaxies and clusters can

shed light on the properties of dark
matter particles.

Several recent developments made
the workshop timely and exciting.
The possibility that a reported 3.5
keV X-ray line originates from decay
of dark matter, coupled with some
anomalies of structure formation on
sub galactic scales were at the focus
of discussion. Recent breakthroughs
in N-body simulations of dark matter,
which allow a better description of
dark matter (cold and warm), as well
as baryons, promise to provide better
tools for relating small-scale structure
to the properties of dark matter. The
proliferation of particle physics models
with self-interacting dark matter
raises new questions in connection
with astrophysical manifestations
of microscopic properties of dark
matter particles, from halo shapes and
triaxiality, to density profiles, to cluster
collisions, to supermassive black hole
formation. N-body simulations are
reaching new levels of understanding
of dark matter and baryonic matter;
observational techniques using
gravitational lensing are maturing. All
of these developments made it timely
to bring together astrophysicists and
particle physicists for a productive
discussion.
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Workshop Report

TeV Particle Astrophysics (TeVPA) 2015

Masahiro Kawasaki

Kavli IPMU Principal Investigator

Shigeki Matsumoto

Kavli IPMU Associate Professor

The conference “TeV Particle
Astrophysics (TeVPA) 2015 was
successfully conducted at the
Kashiwa-no-ha Conference Center
October 26-30, 2015. It was
organized by the Kavli IPMU and the
Institute for Cosmic Ray Research
of the University of Tokyo. Having a
conference dedicated to the current
situation and future prospects of TeV
particle astrophysics was an important
and timely idea for the following
reasons. First, the origin of cosmic
rays is now being resolved thanks to
great strides in the development of
particle astrophysics. These include
the observations of gamma rays (at
HESS, etc.), high energy neutrinos
from outside the earth’s atmosphere
(at IceCube, etc.), and various cosmic-
ray species with unprecedented
accuracy (at AMS-02, etc.). Second,
TeV particle astrophysics provides us
with precious data to search for dark
matter, in particular, when its mass is
of the order of TeV rather than the
electroweak scale, for such heavy dark
matter is difficult to detect in collider
experiments in the near future.

24

All of these topics were covered in
great depth at the conference, which
included fifteen plenary talks and
four parallel sessions (dark matter,
neutrino, cosmic-ray, and gamma-ray
sessions). Concerning neutrino physics,
data on high energy neutrinos were
accumulated and their origin was
discussed in plenary and contributed
talks. The future prospects of neutrino
observations were also discussed.
Another important subject in the
conference was ultra-high energy
cosmic rays whose spectrum,
compositions, and anisotropy were
attracting great interest from
participants. Gamma-ray astronomy
has been developing with large
Cherenkov detectors and is expected
to reveal the acceleration mechanism
of cosmic rays and properties of
source objects. Thus, many aspects of
gamma-ray astronomy were covered
and intensively discussed in the
conference.

On the other hand, concerning
dark matter studies, most of the
plenary and contributed talks were
devoted to indirect searches for dark
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matter. Since particle astrophysics

and astronomical observations are
steadily being developed and as a
result we will obtain in the near future
very precise data of dark matter

such as distributions in our galaxy

and satellite galaxies, all participants
were interested in the impact of

the observations on indirect dark
matter searches. These aspects were
thoroughly covered and discussed in
the talks, and participants could clearly
understand the current situation and
future prospects of the searches, and
got a glimpse of promising future
directions on this subject.

This conference was originally not
planned to be a large one, but the
number of participants was much
more than expected. We had almost
200 participants in total! This means
that the topic of the conference is
now regarded as the most important
one by almost all researchers in
particle physics, cosmology, and
astronomy. Having a similar workshop
again at the Kavli IPMU in near future
would be important.



Workshop Report

PFS-SSP Galaxy Survey Workshop 2015

Kiyoto Yabe

Kavli IPMU Postdoctoral Fellow

There is a wide variety of galaxies
in the Universe. How did they
form? One way to explore this
astronomical question is to reveal
the past appearance of distant
galaxies. Spectroscopic observations
are a common way to determine the
nature of the galaxy in detail. Distant
galaxies, however, tend to be generally
faint, and spectroscopic observation
becomes difficult compared to nearby
galaxies. Therefore, spectroscopic
observation with larger telescopes
is indispensable. Furthermore, multi-
object spectroscopy to observe as
many galaxies as possible is important
for an efficient survey of faint galaxies.

Prime Focus Spectrograph (PFS) on
the Subaru Telescope, which is now
being promoted by the Kavli IPMU,
is a fiber type spectrograph that can
simultaneously obtain spectra of up to
2400 objects in a field of view of 1.3
degrees, covering a wide wavelength
range from visible to near-infrared.
Using this powerful instrument, we
are now preparing for a large galaxy
spectroscopic survey. Since PFS is an
international collaboration, the survey
plan is being discussed by researchers
all around the world. On November 13,
2015, about 40 Japanese researchers
who are interested in the galaxy
formation and evolution gathered at
the Kavli IPMU and discussed specific
scientific cases using PFS.

The PFS galaxy survey targets

galaxies at redshift of around 2 (age
of the Universe of about 30 billion
years), when the galaxies are in the
most active phase, to make statistical
studies of the nature of galaxies.
However, since the observable
wavelength of PFS is wide, it is
possible to observe objects such as
galaxies and active galactic nuclei
(AGN) at various redshifts from ~1
(age of the Universe of 60 billion
years) to ~7 (age of the Universe of
800 million years). In this workshop,
we discussed what kind of scientific
cases will become clear by using

PFS and how to arrange the survey
strategy. In addition, the importance
of the role of PFS in this field was also
discussed from the theoretical point
of view.

At this time, the expectations for
PFS of galaxy formation and evolution
researchers in Japan are becoming
clearer. Although PFS is a project
based on international collaboration,
the Japanese community is expected

to take leadership on the survey. In
addition to the discussion on specific
scientific themes, some researchers
who will lead the individual topics
were determined.

In the future, researchers in the
PFS collaboration will gather and
discuss various topics related to the
project. The results of the discussions
in this workshop will be reported
in the collaboration meeting, and
consistency with the other surveys
will be discussed. We expect to start
the actual observations from the
second half of 2019. We will continue
to hold similar scientific workshops
on a regular basis, and the discussion
will be input into the survey plan
in order to successfully achieve the
goals related to galaxy formation and
evolution with unprecedented results.

We are grateful to the staff of the
Kavli IPMU for their hard work, as well
as to the graduate students of the
University of Tokyo for their help.

Workshop
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Workshop Report

Categorical and Analytic Invariants in Algebraic

Geometry 1 & 2

Alexey Bondal

Kavli IPMU Principal Investigator

The year 2015 saw the start of the
Japanese-Russian bilateral project on
Categorical and Analytic Invariants
in Algebraic Geometry. It was jointly
financed by JSPS and the Russian
Foundation for Basic Research (RFBR).
The project is governed by Kyoji Saito
and Alexey Bondal.

The aim of the project is to bring
together the best Japanese and
Russian experts actively working in
the area of algebraic and analytic
geometry, homological algebra and
string theory, in order to get an insight
on the structure of complex varieties
and certain interrelated invariants
thereof, such as derived categories,
semi-infinite Hodge structures,
topological correlators and quantum
motives, which reflect the properties
of these varieties relevant to mirror
symmetry.

The first conference, “Categorical
and Analytic Invariants in Algebraic
Geometry 1,” under the auspices of
this project, took place at the Steklov
Institute in Moscow on September
14—18. Several members of the
Kavli IPMU participated, as well as
mathematicians from the Graduate
School of Mathematical Sciences,
The University of Tokyo, from Kyoto
University, Osaka University, Tokyo
Metropolitan University, the Steklov
Institute in Moscow, the Higher School
of Economics in Moscow.

The new workshop, “Categorical
and Analytic Invariants in Algebraic
Geometry 2" took place at the Kavli
IPMU during the week of 16-20
November, 2015. More experts on
the subject of the project from both
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Russia and Japan as well as from
several other countries attended.

From the mathematical perspective,
mirror symmetry is understood as
a mysterious duality between the
complex and symplectic worlds, where
branes, the boundary conditions
for strings, are interpreted in a non-
mixed way either as complexes of
coherent sheaves or as Lagrangian
submanifolds. For that reason, the
project has two sides, symplectic
and complex, and many talks of the
workshop were devoted to study of
one of the sides of the mirror or to
comparison of the two.

Since the subject of the study
of the project is inspired by mirror
symmetry, which was a discovery
of physics, it was crucial to give the
microphone to physicists. The first
speaker of the workshop was Kentaro
Hori, a string physicist at the Kavli
IPMU, who outlined an approach from
the perspective of Gauged Linear
Sigma Models.

An interpretation of the Fukaya
categories of Lagrangian cycles in
terms of the categorification of special
topological constructible complexes
of sheaves, called perverse sheaves,
was presented by Mikhail Kapranov.
He described a vast categorical and
topological landscape of this new
theory and gave an explicit description
for the case of punctured Riemann
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surfaces by means of the Waldhausen
construction.

An application of K. Saito’s
Frobenius structures related to
singularities of functions to the
physical problem of the computation
of the correlation numbers in the
theory of 2-dimensional Minimal
Liouville gravity was reported by the
famous Russian physicist Alexander
Belavin. In a conjectural picture
proposed by the speaker, the choice
of primitive form was of crucial
importance.

Another attempt to have a look
behind the both sides of the mirror
was the talk given by Hiroshi Iritani on
mirror symmetry of toric stacks. The
consistency of behavior of analytic and
categorical invariants of toric stacks
under mirror symmetry transformation
was scrutinized with delicacy.

All the other talks at the workshop
were devoted to the most modern and
advanced study of either categorical
or analytic invariants on one of the
side of the mirror, i.e. in complex and
algebraic geometry or in symplectic
geometry. The excellent expertise of
the participants has guaranteed that
the level of the reported research was
far beyond what one might expect
in the boundaries of two countries; it
was truly world class. That is why the
workshop attracted the attention of
some prominent foreign researchers.



Workshop Report

B Mode from Space

Hajime Sugai

Kavli IPMU Associate Professor

The workshop “B Mode from
Space” was held at the Kavli IPMU
Lecture Hall from Thursday, December
10 to Wednesday, December 16, 2015,
with 130 participants (http:/indico.
ipmu.jp/indico/conferenceDisplay.
py?confld=72). The research goal
of the participants is to reveal the
inflation era before the Big Bang.

In the period immediately after

the beginning of the universe, the
universe is believed to have expanded
exponentially and to have produced
the primordial gravitational wave.
We aim to detect the footprint of
this wave on the Cosmic Microwave
Background (CMB) in a form of
polarization pattern called B mode.
The CMB has its emission peak at
millimeter wavelengths. It is essential
to separate it from the foreground
galactic emission including the
synchrotron and the dust emission.

In this workshop, we intensively
discussed the developments of
foreground removal methods over the
course of a whole day, including talks
on the dust emission mechanism itself.
We have also discussed other scientific
motivations of CMB polarization
experiments, e.g., the understanding

of the reionization era of the universe
and the narrowing down of the
neutrino mass limit.

Based on the direct involvement
of participants in past, present and
future CMB polarization projects,
various kinds of approaches have
been reported. These include
ground-based experiments such
as SPT, ACT, POLARBEAR/Simons
Array, ABS, QUIJOTE, and CMB-54;
balloon experiments such as EBEX
and PIPER, which are shorter-time
scale experiments but are relatively
free from atmospheric absorption /
radiation; and satellite experiments
such as Planck, LiteBIRD, and
PIXIE, which carry out long-term
measurements without suffering
from the atmosphere. Through this
workshop, a major movement towards
next-generation CMB polarization
experiments has emerged, as
mentioned in the conference banquet
by Jan Tauber, who was responsible
for the Planck satellite (which followed
COBE/WMAP CMB satellites).

In the second half of the
workshop, technical aspects of
CMB experiments were reported
and discussed, including compact

optics for satellites, polarization
modulators with a half wave plate,
cooling systems including adiabatic
demagnetization refrigerators which
go down to 100mK, and TES/MKID
superconductor detectors and their
readout systems. The Kavli IPMU

is one of the core institutions of
LiteBIRD (Light satellite for the studies
of B-mode polarization and Inflation
from cosmic background Radiation
Detection), and | presented on its
optics designing. The LiteBIRD will
carry out three-year measurements
of linear polarization of the CMB in
the whole sky, covering the wide

frequency range of 35GHz to 450GHz.

About 40%, 30%, and 30% of
the participants, were respectively
from Japan, the USA, and Europe;
these regions are leading this research
field of CMB experiments. The local
organizing committee, led by Nobu
Katayama, consisted of Masaya
Hasegawa, Masashi Hazumi, Hirokazu
Ishino, Tomotake Matsumura, Yutaro
Sekimoto, and Sugai. We thank the
Kavli IPMU office, particularly Ms.
Kohama, for their management
support, as well as students from
Japanese universities.
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Takaaki Kajita Receives Japan’s
Order of Culture

The University of
Tokyo’s Institute for
Cosmic Ray Research
Director and Kavli
IPMU Principal
Investigator Takaaki
Kajita was selected
as a 2015 recipient
of the Order of Culture. At a ceremony
at the Imperial Palace in Tokyo on
November 3, Emperor Akihito awarded
the medal to Kaijita for his significant
contribution to the development of
Japan’s culture.

Takaaki Kajita

Yoichiro Suzuki and Takaaki Kajita
Awarded 2016 Breakthrough Prize
in Fundamental Physics
On November
9, 2015, the
Breakthrough
Prize Foundation
awarded this year’s
Breakthrough Prize in
Fundamental Physics
to the leading
scientists and team members involved
in five neutrino experiments (Japan’'s
Super-Kamiokande, KamLAND, K2K
and T2K, Canada’s SNO, and China’s
Daya Bay). The prize is an international
award recognizing scientists who have
contributed to human knowledge of
the mysteries of the Universe.
From the Super-Kamiokande
experiment, leaders Takaaki Kajita and

Yoichiro Suzuki
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Yoichiro Suzuki, and all the collaboration
members who are coauthors of

the papers representing the Super-
Kamiokande’s main achievements were
selected as laureates.

Yuji Tachikawa Receives the 2016
New Horizons in Physics Prize

On November
9, 2015, the
Breakthrough Prize
Foundation also
announced Yuiji
Tachikawa as one of
the recipients of the
2016 New Horizons
in Physics Prize. Tachikawa is an
Associate Professor at the University
of Tokyo’s School of Science, and a
Scientist at the Kavli IPMU. The prize
recognizes junior researchers who
have made significant contributions to
the field of fundamental physics.

Tachikawa was recognized for
penetrating and incisive studies
of supersymmetric quantum field
theories. For example, his outstanding
contribution to the discovery of
the Alday-Gaiotto-Tachikawa
correspondence led to spectacular
advances in quantum field theory and
string theory.

Yuiji Tachikawa

Open Campus Kashiwa 2015

“Bright Science, from Kashiwa” was
the theme of this year’s open campus
(October 23 - 24, 2015).

Highlights at the Kavli IPMU included
special seminars on both days, “The
Dark Side of the Universe through the
Eyes of the Subaru Hyper Suprime-
Cam” by Professor Masahiro Takada
on the first day, and “Capturing Dark
Matter: Closing in on the Mystery of
the Universe from Underground” by
Yoichiro Suzuki on the second day.

Kavli IPMU Postdoctoral Fellow Ryo
Namba and contemporary artist and
Artist in Residence participant Yasuo
Nomura took part in a talk event
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about the link between science and
art.

Special exhibitions on display during
the two-day event included an Artist
in Residence art exhibition showcasing
Nomura's work, mathematics puzzles,
Kavli IPMU tours, and a screening
of the science documentary Particle
Fever, with Japanese subtitles advised
by UC Berkeley Professor and Kavli
IPMU Visiting Senior Scientist Yasunori
Nomura, and by Kavli IPMU staff.

With most of the country still
in celebration over Takaaki Kajita
receiving the Nobel Prize, the open
campus attracted a record number of
visitors: more than 10,000 came by
Kashiwa campus over the event, 3,700
to the Kavli IPMU alone.

Masahiro Takada'’s talk

Yoichiro Suzuki’s talk

Kavli Prize Laureate Lectures in
Tokyo

On October 31, 2015, up to 400
visitors came to Kokuyo Hall in
Shinagawa, Tokyo, to hear renown
scientists speak at the “2015 Kavli Prize
Laureate Lectures,” supported by
the Kavli Foundation, the Norwegian
Academy of Science and Letters, the
Norwegian Embassy, and the Kavli IPMU.

The event started with a welcoming
from Kavli Foundation President Robert
Conn. With Kavli IPMU Director Hitoshi
Murayama as host, physical chemist
and 2014 Kavli Prize in Nanoscience



laureate Thomas Ebbesen talked
about his work in nano-optics, and
theoretical physicist and 2014 Kavli
Prize in Astrophysics laureate Alan
Guth talked about cosmic inflation and
whether our universe is really part of a
multiverse.

(From left) President Conn, Professor Guth, Director
Murayama, and Professor Ebbesen

Kavli IPMU and ICRR Joint Public
Lecture: See the Unseen Universe
On November 22, 2015, the Kavli
IPMU and University of Tokyo Institute
for Cosmic Ray Research (ICRR) hosted
their 13th joint event at the University
of Tokyo’s Hongo campus. More than

170 people, from young junior high
school students to senior citizens filled
up the Koshiba Hall.

Kavli IPMU Associate Professor
Kai Martens started the event, with
a talk titled “Dark Matter: Mystery,
Imagination, and Challenge.” In it, he
talked about how scientists first found
evidence concluding that dark matter
exists in the Universe, and about his
own work on the XMASS project. In
the next talk, ICRR Project Assistant
Professor Masaaki Hayashida gave a
talk titled “Look into Our Dynamic
Universe Using High-Energy Gamma
Rays,” and explained how scientists
study the Universe using gamma
rays, and shared stories about the
Cherenkov Telescope Array currently
being built.

Following on from the talks, both
speakers took part in a discussion titled
“Making the World’s Only Handmade
Machine.” There, they shared stories
about what got them interested in
their current projects, what other
projects they had worked on, and

characteristics about the equipment
that both of them currently work on.
The teatime at the end of the event
gave participants a chance to ask their
own questions to the speakers. The
room was buzzing with conversations
for a long time, providing an uplifting
end to the event.

Kai Martens (left) and Masaaki Hayashida on stage

The 5th Annual WPI Joint
Symposium

On December 26, 2015, the Kavli
IPMU took part in the 5th Annual
WPI Joint Symposium “Seeing,
Touching, and Feeling Science” at
Kyoto University. This year’s event was
hosted by the Institute for Integrated
Cell-Material Sciences (iCeMS).

Every year, the symposium has
invited local high school students to
hear and ask about the latest cutting
edge developments in science.

This year's event included talks from
three scientists, and a special talk by
Kyoto University President and gorilla
expert Juichi Yamagiwa. A special
highlight of the day was a panel
discussion where scientists shared

stories about their research notebooks,

and how it shapes their work. The
other WPI institutes including the
Kavli IPMU set up booths upstairs, and
enjoyed the time answering questions

from curious students and participants.

High school students crowd around WPI booths

Santa Claus Visits the Donguri Day
Nursery

The Kashiwa Campus Donguri Day
Nursery threw its annual Christmas
party on December 18, 2015. This year,
Kavli IPMU Assistant Professor Kevin
Bundy transformed into Santa Claus,
and joined in the celebration with the
Donguri children.

Kevin Bundy as Santa Claus

Kavli IPMU Seminars

1. “Cosmic Reionization on Computers
2. How to build a virtual universe”
Speaker: Nick Gnedin (Fermilab / U
Chicago)

Date: Oct 01, 2015

2. “On the proof of the S-duality
modularity conjecture for the
quintic threefold”

Speaker: Artan Sheshmani (Ohio
State U / Kavli IPMU)
Date: Oct 01, 2015

3. “6d SCFTs and their
compactifications”

Speaker: Kazuya Yonekura (Kavli
IPMU)
Date: Oct 06, 2015

4. “Expansion Opacity in Supernova
Models: Line Lists and the Shape of
Type la Supernova Light Curves”
Speaker: Elena Sorokina (Sternberg
Astronomical Inst)

Date: Oct 07, 2015

5. “The Growth of Today’s Most
Massive Galaxies over the Last 12.8
Gyr of Cosmic History”

Speaker: Danilo Marchesini (Tufts U)
Date: Oct 08, 2015

6. “In the Alphabet of Bsm Curiosities,
Ais for Axion”

Speaker: Sacha Davidson (Inst
Nuclear Physics of Lyon / CNRS )
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Date: Oct 09, 2015

7. “K. Saito structures and string
theory”
Speaker: Yakov Kononov (HSE,
Moscow)
Date: Oct 13, 2015

8. “The Stellar IMF of Early-type
Galaxies from Strong Gravitational
Lensing”
Speaker: Alessandro Sonnenfeld
(Kavli IPMU)
Date: Oct 13, 2015

9. “Sheaves on Lorentzian manifolds”
Speaker: Pierre Schapira (U Paris VI)
Date: Oct 13, 2015

10. “Introduction to BV quantization”
Speaker: Nicolai Reshetikhin (UC
Berkeley)
Date: Oct 13, 2015

11. “Localization of 4d N=1 super-
Yang-Mills on elliptic fibrations”
Speaker: Itamar Yaakov (Kavli IPMU)
Date: Oct 14, 2015

12. “Introduction to BV quantization”
Speaker: Nicolai Reshetikhin (UC
Berkeley)
Date: Oct 14, 2015

13. “Introduction to BV quantization”
Speaker: Nicolai Reshetikhin (UC
Berkeley)
Date: Oct 15, 2015

14. “Flops and spherical functors”
Speaker: Alexey Bondal (Kavli IPMU)
Date: Oct 15, 2015

15. “Introduction to BV quantization”
Speaker: Nicolai Reshetikhin (UC
Berkeley)
Date: Oct 16, 2015

16. “IceCube Events from Dark Matter
through Right-handed Neutrino
Portal”
Speaker: Yong Tang (KIAS)
Date: Oct 21, 2015

17. “Close binary progenitors of
gamma-ray bursts and hypernovae”
Speaker: Maxim Barkov (RIKEN)
Date: Oct 22, 2015

18. “Scalar dark matter with coloured
partner”
Speaker: Laura Lopez Honorez
(Vrije Universiteit Brussel)
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Date: Oct 23, 2015

19. “Matrix factorizations and the
Landau-Ginzburg/conformal field
theory correspondence”
Speaker: Ana Ros Camacho (Institut
de Mathématiques de Jussieu-Paris
Rive Gauche)
Date: Oct 27, 2015

20. “Cartan eigenvectors, Toda masses,
and their g-deformations”
Speaker: Vadim Schechtman
(Toulouse Mathematics Inst)
Date: Oct 27, 2015

21. “Searching for 5-dimensional
Nontrivial UV Fixed Point”
Speaker: Jin-beom Bae (Seoul
National U)
Date: Oct 28, 2015

22. “Probing properties of cosmic
strings through Pulsar Timing
Arrays”
Speaker: Sachiko Kuroyanagi
(Nagoya U)
Date: Oct 28, 2015

23. “Infinite Phase Space and the Two-
Headed Arrow of Time”
Speaker: Alan Guth (MIT)
Date: Oct 30, 2015

24. “Modeling cosmicray propagation
in the Galaxy”
Speaker: Carmelo Evoli (DESY)
Date: Nov 02, 2015

25. “Indirect searches for WIMP dark
matter: Some signal candidates and
many”
Speaker: Christoph Weniger (U
Amsterdam)
Date: Nov 04, 2015

26. “Quantum Hydrodynamics from
Large-n Supersymmetric Gauge
Theories”
Speaker: Peter Koroteev (Perimeter
Inst for Theoretical Physics)
Date: Nov 04, 2015

27. “Running Non-Minimal Inflation
with Stabilized Inflaton Potential”
Speaker: Nobuchika Okada (U
Alabama)
Date: Nov 05, 2015

28."The origin of the elements: direct
nucleosynthesis constraints from
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supernovae”
Speaker: Anders Jerkstrand (Queens
U Belfast)
Date: Nov 05, 2015
29. “A formula for the double
ramification cycle”
Speaker: Felix Janda (IMJ-PRG)
Date: Nov 05, 2015
30. “Lepton Flavor Violating Processes
in Mirror Fermion Model”
Speaker: Tzu-Chiang Yaun
(Academia Sinica)
Date: Nov 06, 2015
. “Calabi-Yau structures on dg
categories and shifted symplectic
structures on moduli”
Speaker: Christopher Brav (HSE
Moscow)
Date: Nov 11, 2015
32. “Search for Muon to Electron
Conversion at J-PARC — the
COMET Experiment”
Speaker: Yasushi Kuno (Osaka U)
Date: Nov 11, 2015
33. "Magnetar powered superluminous
supernovae”
Speaker: Mariana Orellana (National
U Rio Negro, Argentina)
Date: Nov 11, 2015
34."The Cosmic Dawn : Physics of the
First Luminous Objects”
Speaker: Ken Chen (NAQ))
Date: Nov 12, 2015
35. “Construction of Compact Special
Lagrangian T2-conifolds”
Speaker: Yohsuke Imagi (Kavli IPMU)
Date: Nov 12, 2015
36. “Localization on twisted spheres
and supersymmetric GLSM in 2d”
Speaker: Cyril Closset (Simons
Center for Geometry and Physics)
Date: Nov 13, 2015
37. “Stability in the Landscape”
Speaker: Michael Dine (SCIPP)
Date: Nov 16, 2015
38. “Star/Galaxy Separation and
Mapping the Milky Way Halo in
HSC”
Speaker: Jose Garmilla (Princeton U)
Date: Nov 16, 2015
39. “Integrable Boostrap for Structure
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Constants in N=4 SYM”
Speaker: Shota Komatsu (Perimeter
Inst)
Date: Nov 18, 2015

40."A Zm graded generalization
of the Witt algebra and its
representations”
Speaker: Kenji lohara (U LyonT)
Date: Nov 18, 2015

41. “Detecting dark matter
substructure using dusty galaxies”
Speaker: Neal Dalal (lllinois U)
Date: Nov 19, 2015

42. “Categorical approach to
deformation theory”
Speaker: Agnieszka Bodzenta (U
Edinburgh)
Date: Nov 24, 2015

43. “Preamble to CDM cosmogony:
Theoretical overview”
Speaker: Simon White (Max-Planck-
Inst fur Astrophysik)
Date: Nov 24, 2015

44.“0On Holomorphic Chern-Simons
Theory in Twistor Space”
Speaker: Alexei Rosly (ITEP / HSE,
Moscow)
Date: Nov 24, 2015

45, “Higher Derivative Terms in
M-Theory Reductions”
Speaker: Matthias Weissenbacher
(Kavli IPMU)
Date: Nov 25, 2015

46.“An elementary Goldstone Higgs”
Speaker: Aurora Meroni (U
Southern Denmark )
Date: Nov 25, 2015

47. “The formation and evolution of
the galaxy population”
Speaker: Simon White (Max-Planck-
Inst fur Astrophysik)
Date: Nov 25, 2015

48."Searching for Strong Lenses to
Probe Dark Matter Substructures”
Speaker: James Chan (ASIAA)
Date: Nov 26, 2015

49. “Non-linear structure formation:
LCDM challenges and successes”
Speaker: Simon White (Max-Planck-
Inst fr Astrophysik)
Date: Nov 26, 2015

50. “Characterising the baryon content
of galaxy halos through stacking
analyses”

Speaker: Simon White (Max-Planck-
Inst fur Astrophysik)
Date: Nov 26, 2015

51. “Discussion meeting on cosmogony
in the ACDM universe”

Speaker: Kavli IPMU astro group
Date: Nov 27, 2015

52. “Resurgence and Non-perturbative
Physics: Decoding the Path Integral”
Speaker: Gerald Dunne (U
Connecticut)

Date: Nov 30, 2015

53.“5d/6d SCFTs and 5-brane (Tao)
web diagrams”

Speaker: Sung-Soo Kim (KIAS)
Date: Dec 01, 2015

54."The Batalin-Vilkovisky formalism
of the spinning particle”

Speaker: Ezra Getzler
(Northwestern U)
Date: Dec 01, 2015

55. “Gluino Coannihilation”

Speaker: Feng Luo (Kavli IPMU)
Date: Dec 02, 2015

56. “Galaxy Formation in Dark Matter
Halos from z=15 to z=0"

Speaker: Peter Behroozi (Space
Telescope Science Inst)
Date: Dec 03, 2015

57. “The top off shell effects on new
physics search”

Speaker: Chengcheng Han (Kavli
IPMU)
Date: Dec 03, 2015

58.“Local and Large-Scale
Environmental Influences on Galaxy
Gas Content”

Speaker: David Stark (Kavli IPMU)
Date: Dec 08, 2015

59. “Accidental symmetries and the
conformal bootstrap’

Speaker: Silviu Pufu (Princeton U)
Date: Dec 08, 2015

60. “Quasiphantom categories in
derived categories of surfaces
isogenous to a higher product”
Speaker: Kyoung-Seog Lee (KIAS)
Date: Dec 08, 2015

61. “Little string theories via F-theory”
Speaker: David Morrison (UCSB)
Date: Dec 10, 2015

62.“2D and 3D Mass mapping from
weak lensing data”

Speaker: Jean-Luc Starck (CEA Saclay)
Date: Dec 10, 2015

63. “Weighted Compactifications of
Configuration Spaces”

Speaker: Evangelos Routis (Kavli
IPMU)
Date: Dec 10, 2015

64.“Gauge Theory in 2 and 3
dimensions and categorical
representations”

Speaker: Constantin Teleman (UC
Berkeley)
Date: Dec 14, 2015

Personnel Changes

Promotion

Kavli IPMU
Assistant Professor
Tomoyuki Abe
became an Associate
Professor on January
1.2016 Tomoyuki Abe
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
Tanmay Deshpande [November 1, 2012
— November 30, 2015] moved to the
Tata Fundamental Research Institute as
a Leader of Mathematics.

Kali IPMU Postdoctoral Fellow
Kai Schmiz [November 1, 2012 -
October 31, 2015] moved to the Max
Planck Institute for Nuclear Physics in
Heidelberg as a Postdoctoral Fellow.

Kavli IPMU Postdoctoral Fellow
Benedetta Vulcani [October 16,

2012 — November, 30, 2015] moved
to Melbourne University Physics
Department as a Postdoctoral Fellow.
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Baryon Acoustic Oscillation (BAO)
Shun Saito

Kavli IPMU Postdoctoral Fellow

To study cosmic expansion history, we need to precisely measure distance to the
universe at a past epoch. The Baryon Acoustic Oscillation (BAO) is an essential “standard
ruler” for this purpose. The BAO scale, set by the speed of sound in the photon-baryon
plasma of the very early universe, is very precisely measured by the experiments of the
Cosmic Microwave Background such as Planck. The Sloan Digital Sky Survey or Prime
Focus Spectrograph in the SuMIRe project has investigated or plans to investigate the
mystery of dark energy by precisely measuring the cosmic expansion history via the
BAO scale.
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TeV Particle Astrophysics (TeVPA) 2015
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PFS-SSP Galaxy Survey Workshop 2015
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