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Shigeki Matsumoto is a Principal Investigator at the Kavli IPMU. He is a

Award in Theoretical Particle Physics.

theoretical physicist working on particle physics and particle cosmology. After
having received his Ph.D. from Tohoku University in 2000, he held postdoctoral
positions at the Japan Society for the Promotion of Science, the Institute for
Cosmic Ray Research of the University of Tokyo, and the High Energy Accelerator
Research Organization (KEK). He became an Assistant Professor at Tohoku
University in 2007, an Associate Professor at Toyama University in 2008, and a
Kavli IPMU Associate Professor in 2010. Since 2017, he has been a Kavli IPMU
Principal Investigator. He received 2007 Particle Physics Medal: Young Scientist
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Announcement

The March 2019 issue (No. 45) is our last for Kavli IPMU News. We have come a
long way with IPMU / Kavli IPMU since our first issue in March 2008. During this
period, IPMU / Kavli IPMU has achieved remarkable progress. We want to thank all

of our readers and all who have supported us over the years.

Message from Readers

Thank you to the Kavli IPMU for
the opportunity to interview your
researchers. The Asahi Shimbun
was lucky to snatch the chance to
work with founding director Hitoshi
Murayama shortly after he was
relieved of his responsibilities, and
look forward to working with him in
our new weekly education column.

Science and Medical Section,
Asahi Shimbun
Ryutaro Ito

The cover of every issue of the
Kavli IPMU News carried the big
face of one of their researchers,
reminiscent of the Time magazine's
cover announcing 'Person of the
Year'. Many people must have felt
his/her eyes looking at them from
the bookshelf of the library of their
institutions. They could not help
taking it in hand. The Kavli IPMU
News was in a perfect bilingual
format. Its content included the
new results of forefront researches,
interviews with distinguished
scientists, news, announcements
of various events, etc. In particular,
pictures of the researchers newly
joined the Institute appeared on
every issue with brief introduction of
their researches to demonstrate the
growth of the Institute toboth inside
and outside.

| talked in Vol. 14 about how
the Institute was born and heard
from Robert Williams in Vol. 35 the
story behind the scene about the
accelerating universe and the Hubble
Space Telescope. | miss the Kavli IPMU
News, which remained the flagship
public booklet of the Institute even
in the era when the main stream
of publicity is websites and SNSs. |
would like to express my respect to
the chief editor Dr. Kenzo Nakamura
and those who were engaged in the
Kavli IPMU News, which was always
with the Kavli IPMU, an Institute built
from scratch 10 years ago.
Professor Emeritus,
The University of Tokyo

Sadanori Okamura

The (Kavli) IPMU News is a record
of the institute's growth, full of
memorable events and significant
research achievements. It has played
an important role in visualizing the
rapid development of IPMU, from
zero to a highly visible international
research center.

When | worked at the IPMU’s
administrative office, we were asked
to create a system specific to a WPI
center. Our role was to make the
center a paradise for researchers. The
office staff were given opportunities
to venture into uncharted territory

Editor

in the Japanese national university
system at that time. Sometimes,
office staff appeared in the magazine,
making it possible for readers to
capture a glimpse into the unique
and challenging administrative office.
I was sad to hear the IPMU News
will finish as a publication, but |
believe it will remain as a precious
reference allowing people to see the
glorious achievements of Kavli IPMU
50 or 100 years from now. Currently,
I am working at the University of
Tokyo's second WPI center, the
International Research Center for
Neurointelligence (IRCN). There, I will
inherit IPMU’s challenging spirit and
make my mark in a different way
from the IPMU News.
Deputy General Manager,
IRCN, The University of Tokyo
Midori Ozawa

| did not notice the announcement
that Issue no. 45 would be the last
one. This is sad news ... | liked the
magazine very much.
Here is what | have thought of for
the “Tea Break” section.*
Professor, University of Minnesota
Alexander A. Voronov

* See page 9.

Message
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Kavli IPMU Principal Investigator Shlgekl MatSU mOtO

Research Area: Theoretical Physics

Dark Matter Study as a Bridgehead for New

Physics Exploration

Where Can We Find New Physics ?

In past decades, people tried to develop
the field of particle physics based on the so-
called electroweak naturalness, namely how the
electroweak scale (the energy scale creating the
electromagnetic and weak forces from more
fundamental ones; about the masses of the
weak bosons, W and Z, which mediate the weak
interaction, 10" eV = 100 GeV) should be naturally
explained. In fact, many new physics scenarios such
as supersymmetry, extra-dimension and composite
Higgs have been proposed in this context, and
have been and are still being tested by various
experiments and observations including the large
hadron collider (LHC). However, people have
recently started doubting this guiding principle,
the electroweak naturalness, because new physics
signals predicted by those scenarios have not been
detected there at all. To be more precise, the doubt
is that, although the electroweak scale should be
naturally explained, it may be achieved by some

other mechanisms (or ideas) which are totally
different from what we have thought about thus
far. People have very recently started seeking new
mechanisms based on this consideration, but no one
has yet succeeded in proposing a critical mechanism
that many people agree with.

Uncovering the Nature of Dark Matter
Attracts Attention

Under these circumstances, people start taking
a new strategy: developing particle physics by
resolving the cosmic dark matter problem. Dark
matter was proposed by Fritz Zwicky in 1934 in
order to explain the motion of galaxies inside the
Coma Cluster, and its existence was established at
the beginning of this century thanks to cosmological
observations such as the fluctuation of the cosmic
microwave background. Its detailed nature, however,
is unknown. Moreover, it is known that no dark
matter candidate exists in the standard model. As
a result, once the nature of dark matter is clarified,
it can be used as a bridgehead to launch out into
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an exploration of new physics. In other words, the
strategy is that we first determine the nature of
dark matter and then explore new physics beyond
the standard model.

Next, let me summarize what we know about
dark matter. First, dark matter is electrically neutral.
In fact, dark matter can have a very tiny electric
charge, or O(1) charge if it is vastly heavy; however
we do not consider such special cases in this article.
Next, dark matter has, at least, a non-zero mass and
moves non-relativistically in the present universe;
namely its speed is much slower than that of light
in the present universe. Third, its lifetime should be
much longer than the age of the universe (13 billion
years). Moreover, dark matter hardly interacts with
ordinary matter like nuclei. Finally, as quantitative
knowledge, it is known that the averaged mass
density of dark matter in the universe, which is
sometimes called dark matter abundance, is about
2 x 107 g/em?’.

In spite of this knowledge, it is still difficult to
say that we have enough information about dark
matter. For instance, even if we assume that dark
matter is an elementary particle, its mass is merely
predicted to be in a range between 10~ g and
10 g; namely there is uncertainty of fifty orders
of magnitude. Since such huge uncertainty makes
it impossible to perform a comprehensive search
of dark matter experimentally, we are currently
trying to detect dark matter based on several
influential hypotheses such as the thermal dark
matter, axion, sterile neutrino, and primordial black
hole hypotheses. Among these, the search for dark
matter based on the thermal dark matter hypothesis

is more developed than the others. | would therefore
like to focus on this hypothesis and describe its
present status and prospects in this article.

Thermal Dark Matter Hypothesis

The thermal dark matter hypothesis is as follows:
dark matter is an (undiscovered) elementary particle
and its abundance observed today was produced by
the so-called freeze-out mechanism. In the
freeze-out mechanism, dark matter is assumed to
be in chemical and kinematical equilibrium with the
thermal bath composed of standard model particles
during a very early epoch of the universe. However,
it eventually decoupled from the bath because the
reaction rate which was maintaining the equilibrium
becomes smaller than the expansion rate of the
universe. After the decoupling, the amount of
dark matter in the universe becomes constant,
determining dark matter abundance today. Fig. 1
shows typical behavior of the amount as a function
of m/T, with m and T being dark matter mass
and the temperature of the universe, respectively.
Dark matter abundance is seen to coincide with
that of equilibrium when m/T ~ O(1), while it
deviates from the equilibrium at m/T ~ O(10) and
eventually becomes constant. This mechanism is
also applied to other phenomena of cosmology
(big-bang nucleosynthesis and recombination) and
explains observational results successfully. Because
of this fact, the thermal dark matter hypothesis is
regarded as one of the natural hypotheses about
dark matter. When dark matter mass is around the
electroweak scale, the thermal dark matter is called

Feature
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Figure 1. Typical behavior of the dark matter amount (the ratio of the number density of dark matter
to the number density of radiation). Here, m is the mass of the dark-matter particle and T is the
temperature of the universe, both expressed in units of energy.

WIMP (Weakly Interacting Massive Particle), and
it is intensively discussed in various new physics
scenarios beyond the standard model.

Since thermal dark matter is assumed to be
in equilibrium in the early universe, it inevitably
interacts with standard model particles. The
detection of the thermal dark matter relies on this
fact, and the important question here is which
standard model particle the dark matter interacts
with. The strategy of dark matter detection
depends strongly on the answer to this question.
Hence, the thermal dark matter is classified based
on its quantum numbers in order to search for it
systematically and comprehensively. The quantum

number is nothing but a charge associated with

a force, for instance, the electric charge of the
electromagnetic force. Dark matter is electrically
neutral as mentioned above, and it should not carry
a charge of the strong interaction, a color charge;
otherwise it would already have been discovered
by various experiments. As a result, the quantum
numbers we should focus on are those of the weak
and gravitational forces. The quantum number

of the weak force is called a weak charge, while
one of those of the gravitational force is a spin.
Another quantum number of the gravitational
force is nothing but mass, and it is determined

by requiring that the abundance of dark matter,
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Figure 2. Classification of the thermal dark matter and the most efficient detection method for each case.

which is computed after fixing its weak charge
and spin, coincides with the result of cosmological
observation. In other words, the mass becomes a
derived quantum number.

Classification of Thermal Dark Matter

This classification is summarized in Fig. 2. First,
thermal dark matter has a weak charge in the
unit of 1/2, namely, 0, 1/2, 1, ---. There is, however,
an exception: dark matter may be described by
the mixing (linear combination) of states which
have different weak charges. Within the familiar
electromagnetic dynamics, it corresponds to the
case that we consider the particle whose electric
charge is given by the mixing of, e.g, 0 and 1. Of
course, such a mixing occurs only for the weak force
because of the electroweak symmetry breaking,
and never occurs for other forces. As a result, dark
matter can be classified into three categories: it has
no weak charge (neutral under the weak force),
has a non-zero weak charge, or has mixed weak

charges. Next, if we restrict ourselves considering

a renormalizable theory to guarantee enough
magnitude of interactions between dark matter and
standard model particles, the spin of dark matter

is restricted to be either 0, 1/2, or 1. Thanks to the
nature of the relativistic quantum field theory, once
the weak charge and the spin of dark matter are
fixed, all interactions between dark matter and
standard model particles are uniquely determined,
which allows us to discuss physics of the thermal
dark matter quantitatively.

How to Find Thermal Dark Matter
Based on Its Classification

The above classification of thermal dark matter
has indeed been proposed by us (researchers

studying particle phenomenology at the Kavli IPMU),

and we are now comprehensively studying how
dark matter in all the categories can be detected
in the near future based on various collaborations
with experimental and observational researchers.
Some results of our study concerning the type of

Feature



experiment, seeming to be the most efficient for

detection in each category, are also shown in Fig. 2.

First, in the case where dark matter has mixed
weak charges, the scattering cross section between
dark matter and a nucleus is always predicted to
be large, for its origin is the same as those of the
mixing. As a result, direct dark matter detection
in underground laboratories is very efficient for
detecting such dark matter, and indeed many
experiments are now being conducted around
the world. Moreover, various future projects such
as the XENONNT, " where it was decided that the
XMASS group (in which some of our colleagues in
our institute are involved) would join, have been
proposed and approved. When dark matter is
actually in this category, it will be detected in the
near future.

Next, when dark matter has a non-zero weak
charge, its mass is generally predicted to be in
the TeV scale, which makes difficult to detect it
in the near future at collider experiments. On the
other hand, we pointed out that its annihilation
cross section is significantly enhanced thanks to
the Sommerfeld effect,” which makes indirect
dark matter detection very efficient. In particular,
the observation of gamma-rays from Milky Way
satellites ” by the CTA collaboration * is expected
to play an important role; however, in order to
maximize its sensitivity, we also need to know
precisely how dark matter is distributed in each
satellite. Fortunately, this problem will be overcome
by the PFS project at the Subaru telescope
organized mainly by Kavli IPMU. Moreover, when
third generation direct dark matter detection
experiments such as the DARWIN project, ” the
successor of XENONNT, become available, it will
be possible to detect the TeV-scale dark matter.
Here, it is important to address the fact that such
TeV-scale dark matter is predicted by the so-called
anomaly mediated SUSY breaking scenario ° (Pure
Gravity Mediation model, etc.), the one attracting

the most attention after the discovery of the Higgs
boson, and thus detecting the TeV scale dark matter
is now regarded as an urgent issue of particle
physics. In addition, some new physics models
predict dark matter having a non-zero weak charge
is produced not only by the freeze-out mechanism
but also by some other non-thermal ones. In such
cases, the mass region around the electroweak
scale also becomes important to search for. The
future LHC (HL-LHC) and lepton collider such as
the international linear collider (ILC) experiments
will play an important role in searching for such
electroweak dark matter.

Finally, we consider the case in which the thermal
dark matter is neutral under the weak force. When
the spin of dark matter is 0 or 1, its scattering cross
section off a nucleus is predicted to be large in
general. Hence, the direct dark matter detection is
again efficient, as in the case of dark matter having
mixed weak charges. On the other hand, when the
spin is 1/2, the scattering cross section does not
necessarily become large. In particular, when dark
matter interacts mainly with leptons (leptophilic
dark matter), mainly with the Higgs boson by the
pseudo-scalar coupling (CP violating Higgs portal
dark matter) or is lighter than the proton (light

*T XENONNT is a direct dark-matter search experiment to be conducted
at the Gran Sasso underground laboratory LNGS in Italy, using 8 tons
of liquid xenon. The experiment aims at detecting dark matter particles
through measurement of nuclear recoil events due to scattering of
dark-matter particles with xenon nuclei.

The Sommerfeld effect is the effect in which a long-range force
between the initial-state particles significantly changes the inelastic-
scattering cross section between them compared to that without

a long-range force. It is known that if the dark matter particle is
sufficiently heavier than the particles that mediate the weak force (W
and Z bosons), it will act as a long-range force for dark-matter particles
and significantly enhances their annihilation cross section.

Among satellite galaxies, those called dwarf spheroidal galaxies

have particularly low luminosity and small mass. As their masses are
considered to be dark-matter dominated, they are included in the main
objectives of dark-matter search with gamma-ray observations.

CTA (Cherenkov Telescope Array) is a gamma-ray observatory in the
20 GeV~100 GeV gamma-ray energy region.

DARWIN (DARk matter WImp search with liquid xenoN) is a direct
dark-matter search experiment using 50 tons of liquid xenon.

One of the supersymmetric models which has attracted particular
attention since the discovery of the Higgs boson. It is known as the
simplest model that, while accounting for the Higgs mass and being
compatible with grand unified theories, is free from the problems
which often arise in supersymmetric models, i.e, the problems related
to flavor and cosmology.
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dark matter), most of their parameter regions are
experimentally uncharted and new methods that
are different from those we have considered so
far are required. For former two cases, dark matter
production (mono-photon process, etc.) and the
precise measurement of the Higgs boson in future
lepton colliders such as ILC will play an important
role. On the other hand, for the light dark matter,
a new light mediator (a scalar or vector particle)

is also predicted in addition to dark matter itself
because of the nature (renormalizablility) of the
relativistic quantum field theory. High luminosity
collider experiments such as Belle Il and various K
meson experiments are mandatory to detect such

light but very weakly interacting particles. Recently,

it has also been pointed out that the Higgs boson
decay to a pair of mediators can be an important
method for dark-matter search. In this case,

Tea Break:

What IPMU Stands For?

precision measurements of rare Higgs boson decays
will become important.

Conclusion

In conclusion, people are currently making great
efforts to look for a new physics scale in particle
physics after the completion of the standard model
(discovery of the Higgs boson) and non-observation
of new physics signals. Clarifying the nature of dark
matter is certainly expected to play an important
role in this context. As mentioned in the latter half
of this article, in recent decades, closer collaboration
between theorists and experimentalists in various
fields has never been more crucial than it is today.
The Kavli IPMU provides an ideal environment under
these circumstances and | will continue to vigorously
develop such dark matter studies.

There is an anecdote that the remarkable German mathematician and mathematical physicist
of the late 19th and early 20th centuries David Hilbert once said, upon hearing that one of his
students had dropped out to study poetry: "Good, he did not have enough imagination to become

a mathematician.”

We would like to appeal to your imagination and announce a competition for the best suggestion
on how someone unfamiliar with the meaning of the abbreviation IPMU could guess what it stands

for. For instance,

The Institute for the Pretty Much Unknown,

The Infrared in Physics and the Mathematics of the Ultraviolet ...

We will post the best answers on the Kavli IPMU website and on a poster in the tea hall, making it

even more appropriate for the Tea Break rubric.

(Contributed by Alexander A. Voronov)

Feature



Robin Kooistra

Postdoc

Research Field: Astronomy

The intergalactic medium (IGM) in large-scale
filaments plays an important role in the formation
and evolution of galaxies. My interest lies in studying
the properties of the IGM gas and how it affects
the galaxies within the filaments, as well as the
connection of the large-scale structure to the
underlying cosmology. Through simulations | make
predictions for observations of the IGM targeting
emission lines of neutral hydrogen in emission (i.e.,

Chiara La Licata

Postdoc

My primary interest focuses on experimental
high energy physics, in particular on using indirect
probes for discovering or constraining the existence
of particles beyond the Standard Model. | am
currently a member of the Belle Il experiment, and
in the last three years, | have been deeply involved
in the development of the radiation monitoring
system to protect the silicon vertex detector. The
first run of Belle Il is about to start. | will follow the

10 Kavli IPMU News

Research Field: Experimental Physics

21 ¢cm in the radio) or in absorption through Lyman-
alpha forest tomography.

commissioning of the monitoring system and prepare

to look at the first data.

No.45 March 2019



Hyu nbae Pa rk Research Field: Astrophysics and Cosmology

Postdoc

| work on modeling of the Temperature Anisotropy
in the Cosmic Microwave Background induced by the
kinetic Sunyaev-Zel'dovich (kSZ) effect. The kSZ signal
has information about spatial distribution of ionized
IGM (intergalactic medium) in the space. It tells us
about how ionization spread from galaxies during
the epoch of reionization and how the gas density
field evolved after the reionization.

Samantha Stever Research Field: Astronomy

Postdoc

During my PhD at IAS in Paris, | studied the effect
of cosmic rays, which create a parasitic signal on the
sensitive detectors used for modern space missions. |
measured a semiconducting bolometer to determine
the nature of the detector’s thermal and electrical
response to radiation. As a postdoc at Kavli IPMU, |
am expanding my study of this problem to LiteBIRD
using experimental and modelling techniques. | will
also examine other systematic effects arising from the

polarization modulator (half wave plate), its coupling
with the detectors, and the effect this has on the
B-mode signal.

Our Team



Round Table Talk:

Dialogue Between a Philosopher and Physicists

Markus Gabriel

Professor, Director of the International Center for Philosophy, Bonn University

Hitoshi Murayama

Kavli IPMU Principal Investigator, and Professor, UC Berkeley

Yasunori Nomura

Kavli IPMU Principal Investigator, and Professor, UC Berkeley

Physicists Talk about
What Science Is

Murayama: | would like to thank
Markus for joining us for this
conversation shortly after your
lecture.”" In our earlier conversation
you pointed out that, precisely
speaking, what people usually
attribute to Popper is not what he
actually said. So, one thing we can go
for is to repeat my understanding of
how science is defined according to
Popper, though it might not be what
Popper actually said. Then, we can
discuss what is your real response

is on this definition. Is that the right
thing to talk about?

Gabriel: Why not? That makes sense.
Murayama: So, first of all, we are
scientists and we have been taught
in a specific way what science is
about, how it should be conducted,
and sometimes we find it very
constraining. That sort of the narrow
definition, which we normally

*1'0n June 11, 2018, Markus Gabriel gave a
talk entitled “Science and Metaphysics™ at
Kavli IPMU and IRCN joint seminar held at the
Faculty of Medicine Experimental Research
Bldg., on the University of Tokyo’s Hongo
campus. This round table discussion was held
after the joint seminar.
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Markus Gabriel

attribute to Popper and which
scientists agree, is not really what we
would like to do sometimes, especially
when we talk about big questions
about the universe and so on. So,
that's why | would like to get your
input on what we think the definition
of science is in a traditional sense and
what kind of other thinking is going
on in the philosophy of science in the
past and what your take is on this
question. So, that's one thing we can
talk about.

Nomura: In fact, Hitoshi, do you and
me completely agree? Maybe not.
Murayama: Yeah, we'll see.

Gabriel: Maybe both of you try to just
state what you think science is, and
then I map this onto a philosophical
conceptual space.

Murayama: Okay. Here is, | think,
what | was taught in elementary
school what science is about. The

Kavli IPMU News No.45 March 2019

Hitoshi Murayama

Yasunori Nomura

science is about trying to understand
the phenomena around us. To
understand this, of course we need
to take gquantitative data on what is
happening around us, and once we
have quantitative data, you come up
with a theory that tries to explain
those data.

Once you have a theory that is
successful enough to explain all
the data you've got, then you start
making further predictions out of the
theory and then confront new set of
data to see if those predictions will
agree with the new set of data, and if
they don't, you say, “Aha, | falsify this
theory,” and this is the process, which
we were taught, | thought by Popper,
as the definition of science.

Nowy, if it does succeed to explain
the new set of data, then you say,
“Okay, my theory is consistent with
data.” | would never say my theory



is true. Then, you repeat the process
until you hit the point that is again
falsified. Then, you change your
theory and then try to, again, address
all the data we have explained before
to see if that success is still retained,
and if it is, then you make further
prediction and then start taking

data again and compare that to the
data to see the theory is still right or
wrong. Again, you never say it’s right
even if it is consistent with the data.
You only say it's wrong if it does not
explain the data, and then you try

to expand the theory further. This is
the process we are taught of what
science is about.

Nomura: | think that’s agreeable.

I think no scientist can say that ‘|
disagree.”

Murayama: Okay. Maybe some twist?
Nomura: Yeah, small ones. One

thing is that you said we never say
something is true. Indeed, people
sometimes make a statement like
“Newtonian Dynamics is wrong”
because of the fact that the

real dynamics is, at least, special
relativity. | think such a statement is
misleading. Of course, this is a kind
of language issue and in scientist’s
approach, it doesn't matter. | mean,
we don't care if someone wants

to say that Newtonian dynamics is
wrong because of special relativity,
or if someone says that Newtonian
mechanics is true because it explains
phenomena very well in a certain
regime. The fact is that you must first
define the word “true.” We can use
this word to mean “contemporary
truth,” and then Newtonian dynamics
was certainly true, at least in the
19th century. Similarly, we can use
the word to mean “true in a certain
regime for all practical purposes.” In
this sense Newtonian dynamics is still
true now.

Anyway, | think the basic attitude
of science is always like that. We
don’t care any language issues, as
long as we understand what we are
talking about. In this case | don't care
if you say the theory is true or wrong.

The fact is only that the theory
applies in a certain regime in
certain precision. In some extreme
cases, however, it may become
obvious that the theory is simply an
approximation of another theory—
in the case of Newtonian dynamics
the special relativity—and then we
must consider this new theory if we
want to describe these cases. To me,
this way of thinking is one way to
define science. In this sense, science
is very operational. Having said that,
the definition of science, at least
natural science, also includes the
process of trying to explain the same
set of data by the smallest number of
assumptions. In fact, this last point is
important because otherwise you can
just list all the data to describe Nature
and call the list a “theory.”
Murayama: That's right. You can have
one theory for every single data.
Nomura: Yes, that is the worst form
of “theory.” Then you try to minimize
the number of assumptions from
there, and then your theory will
have an explanatory power. Such
a theory usually makes predictions,
namely it does not only reproduce
what you already observed but also
something else—as Hitoshi said; I'm
just repeating it here—and then you
do experiments and confirm these
predictions.

A problem is that some people
have gone too far. They say that only
if all these processes are completed,
say within the time scale of 10 or 20
years, then the theory can be called
science.

Murayama: Hopefully, within 10

years.
Nomura: | totally agree with the basic
attitude, but the question is that of
time scale. This is, for example, an
origin of the statement that string
theory is not science. | do not agree
that the definition of science includes
the condition that all these cycles
must be completed within a certain
time. Falsifiability we talk about
should not be like this. Whether
a theory is science or not should
be determined if it is in principle
falsifiable—especially if the theory
has a reasonable chance to be “true”
—though we should of course keep
trying to see if there are predictions
that can be tested in shorter time
scales.
Gabriel: That indeed seems to be a
deep disagreement, and that's very
interesting but it's a difference.
Nomura: Yeah, the difference is even
among scientists.

Of course, if someone says that
| don’t want to invest my time for
something whose confirmation time
scale could be 100 years, that's fine.
It's their decision, and | don’t have any
objection. But | strongly disagree with
the statement that people working
on things that might take long time
to confirm are not scientists, the
statement that some people actually
make. The statement is, in fact,
dangerous because no one really
knows future technical advancement
and also some other predictions may
be found which can be confirmed at
a shorter time scale.
Murayama: As you know, |
sometimes made such a criticism
myself but that was not about string R(T):gg
theory itself but more about the
people who were doing it because
they have the attitude that they don't
need to bother making predictions
or test them, and that's the attitude |



was deadly against because then that's
not a scientific attitude. It's not the
same thing as calling string theory
not science but rather calling certain
attitude of people doing string theory
nonscientific. | made that distinction.
Nomura: Okay, good. Then | might
have misunderstood you at some
point. But | would still say that even
things people whom you criticize

are doing are not worthless efforts
as human’s activity—it is, at least,
mathematics. In general, | believe

we must be extremely careful in
dismissing others or what others are
doing.

Murayama: Another thing about—

I think what we are taught not in
sort of the textbook way but on the
way we are doing research—is about
the quality of theory, namely, that
we highly value theories, which are
more universally applicable, a broader
range of applicability.

We value theories that look more
beautiful and, of course, we can’t
really define what we mean by
beautiful, but there is some aesthetic
sense of it, and we also value theories
that are useful, and in the case of
string theory, it had not been verified
experimentally in a way we normally
speak of but has been incredibly
useful in spawning new ideas and
that also created a new connection
to mathematics and so on.

So academically, there was a very
fruitful ground to conduct research.
That's another quality we value. So,
in addition to this narrow definition
of science we were taught, there are
these additional qualities. Somehow
we got sort of engrained why we
actually keep doing research and
what we aim for, and that's a difficult
aspect we can define in terms of
what is science.

Nomura: Yeah, this may be

complicated. At this point we are
not precisely defining science in such
a way that Markus can comment
precisely, but this may be the nature
of the issue—I mean, it may have a
lot of aspects like Hitoshi mentioned.
And some of these aspects are
different from what we were talking
about when we discussed falsifiability
etc. But anyway, listening to all these
things what would you say?

What Science is—Philosopher’s
View

Gabriel: | think that you are
highlighting an important part of
the scientific activity. So clearly,
there is a success criterion as well as
an overall legitimacy criterion. The
overall legitimacy criterion is what
you call falsifiability in principle or
testability in principle, right? Science
proceeds by making claims about
the universe that can be tested. If we
assert something that is in principle,
or in virtue of the meaning of the
terms employed in the statement,
beyond the reach of any instrument
we use for measurements, we simply
make no statement at all about the
universe.

Nomura: “God exists” is a good
example.

Gabriel: There are other things too,
such as “life is a dream.” The idea
that reality might not be at all what
it seems to us is also not a scientific
hypothesis, as science minimally
relies on the availability of data. If
data were not even data, we could
not proceed scientifically to establish
anything.

If | tell you that life is a dream,
there is of course a testable
hypothesis available too: how long is
the dream and so on. If | then reply
that life might be something even
crazier, such as a nightmare in the
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mind of an immaterial demon, this
hypothesis would easily explain all
the data. However, there are infinitely
many other hypotheses which explain
all the data in one fell swoop.
Nomura: Yeah, and this is the theory
no one can...

Gabriel: It's a very simple theory. It's
extremely elegant. It's very universal.
But there must be a little bit more
action here because there are some
non-falsifiable things that are kosher.
For instance, if I'm conscious and |
think I'm conscious, then that is not
falsifiable. To be conscious and to
think that one is conscious means
that one is right. Not everything that
is not falsifiable is problematic and
unscientific. Otherwise, we could not
formulate the criterion of falsifiability
itself.

So, | can be wrong about the state
that I am in. | can be wrong about
the neural support of consciousness,
but not about the fact that | am
conscious right now. Being aware and
being aware of being aware are the
same thing, so there is no falsifiability
gap, but that is alright. Therefore not
everything which exists is the object
of a falsifiable investigation.

Nomura: Okay, there may be
something more here.

Murayama: But when you talk to me,
if | respond, then you can tell I am
conscious.

Gabriel: Yes. Exactly! That can be
wrong.

Murayama: That is the external test.
Gabriel: Yes, that's the external test.
There is an external test and it's also
very important that this fact about
consciousness, which | mentioned, is
grounded in the brain. If there were
no relations between consciousness
and the brain, we should conclude
that there is something wrong with
thinking that we are conscious



because then we would have

something that is not falsifiable

and not grounded in anything

that is falsifiable. Hence, there is a

deeper relation between existence

and falsifiability, maybe even a very

deep one. So, that’s the in-principle

criterion. | think that's kind of fine.
However, | will be careful as a

philosopher and let's see how this

maps onto science. Scientists are very

used to thinking of the in-principle

criterion and the success criterion.

The one is dynamic, the other one

is more static. There is the dynamic

side of theory change, the activity of

adjusting to incoming data and then

changing the model where necessary,

and then there is a more general

criterion, the demarcation problem

as we call it in philosophy of science:

falsifiability as an answer to the

question what makes an investigation

a part of science.

Nomura: Such in-principle falsifiability

is, at least, necessary.

Gabriel: Yeah, necessary. Not

sufficient.

Nomura: ...to eliminate theories like

“God exists”...

Gabriel: Yeah, stuff like that.

Nomura: ...or like “Fossils of dinosaurs

were made by UFO” .

Gabriel: The demon stuff, yeah, stuff

like that, like demons.

Nomura: Yes, your demon is a good

example too.

Gabriel: There are infinitely many

such examples.

Discussion about
Underdetermination

Nomura: Yeah. Using the falsifiability
criterion more than that, however, is
dangerous, which some people are
doing and I'm against. | also want to
talk about your “underdetermination”
which you mentioned in your

talk. You, as a philosopher,

thought about this, but | was also
thinking something like that, like
underdetermination.

Gabriel: That is what we call
underdetermination...

Nomura: For example, Hitoshi said
that “l am conscious—you must
know | am conscious, right?” But |
don’'t know! Why? Because | don't
have his consciousness. | don’t really
know.

Murayama: But you have seen my
function. | responded to your function

Nomura: Oh, yeah, but that may
only be a function, right? | could say
that only I am conscious and what

| see as Hitoshi is just a function.
However, because similar responses
are obtained from Hitoshi as those
from myself, the simplest assumption
is that these two are both conscious.
In fact, this is exactly how science
goes. Namely, although | cannot
exclude the possibility that only |

am conscious and you're like, for
example, demons, ...

Gabriel: Or everyone is zombie...
Nomura: ... | cannot exclude such a
possibility, but | don’t need to think
about it in doing science. Making
this kind of “assumptions” is a very
fundamental part of the “definition”
of science, which you probably agree.
Gabriel: No doubt. But here's
something where | would introduce
maybe a more cautionary way of
speaking and then let’s see what
you have to say about this because
we got into a discussion about. So, |
would stick to a picture where there
really are “facts”. Now, here’s why.
Murayama: So, the “fact” is the same
thing as “truth”?

Gabriel: Yes. Let me define this a bit
more.

Nomura: Yes, what you talked about

in your talk — yeah.

Gabriel: | don't think of truth as
representational, so | don’t think that
truth is a relation between a theory
and reality or a statement and a fact.
| think of a truth as just a fact.
Murayama: Okay, so that's something
that exists.

Gabriel: Yes. Exactly!

Murayama: Whatever the definition.
Gabriel: Yes, exactly. That's how |
think about a truth. For instance,
when | say it's a truth that I'm here
and stuff like that, or it's a truth that
there are more than two people in
this room, with everything (“people”,
“room”, “in”, etc.) well defined...
Nomura: Yeah, you have to define
what the people and so on.

Gabriel: Sure. But here’s a view that,

| think, cannot be correct. A view
according to which once all the terms
are well defined, there is never a fact.
That can’t be true, right? Because
once your terms are well defined,
either things are as presented or not.
So, imagine | tell you exactly what

| mean by an elementary particle,
which is hard enough but okay, then
there is going to be an answer to the
question whether in a well-delineated
space-time region, there is an even or
odd number of certain molecules, say.
Let’s take an even simpler question.

| mean that’s hard but I'll make it
simpler. Let’s take a random arm of
the milky way, define a precise time
slot for it, and now there is either an
even or odd number of stars in that
part of the milky way.

Nomura: After you define the star.
Gabriel: We assume that we fully
settled the meaning of “star” on the R(T):tﬂg
basis of astrophysics.

Murayama: Which is hard to answer
but anyway.

Gabriel: It's super hard.

Nomura: Practically. We're not talking



about a practical issue...

Gabriel: No. Some of those might be
impossible to answer, even when well
defined.

Nomura: Do you think so? This is
indeed a big question. It is exactly
related to your theme, totality etc.,
namely whether there is something
that is not answerable in principle.
Gabriel: Exactly. | have to think about
that. Maybe for no good reason, but
my bet is that there would be.

Take black holes, you had said very
interesting things about black holes
yesterday,” anyhow some regions
of the universe, meaning the object
under investigation by physics, are
such that it might indeed be the
case that there are properties in
that region that we can never figure
out because, for instance black
holes, given that they suck all the
information in and none comes out,
and if it's true, which is questionable
—you made very interesting points
about that in your talk—but if it’s true
then physics cannot know anything
about the region of the universe
where no information comes out.
Then clearly there are physical facts
that physics cannot discover.

Quantum Mechanics and
Philosophy Seem to Have
Interesting Relation

Nomura: Then, such objects should
simply not be included, even in the
list of things to describe.

But the issue, in fact, is even
deeper. Here is the view | always
have had. An important problem
in quantum mechanics is that of
a measurement. Usually we think

*2.0n June 10, 2018, Y.N. spoke on “Beyond
the Universe” and Gabriel on “Universe,
World, and Reality” at a public lecture hosted
by Kavli IPMU. There was also a dialogue
between the two lecturers; see Kavli IPMU
News No. 42, p. 19.

we can solve it by the concept of
information amplification in many
worlds—by the way, this information
amplification has potentially very
interesting implications for where
consciousness is, which we can

talk about later—but to actually
implement it we always assume the
existence of an external object that
is observing the system. In classical
mechanics, this is not too much of

a problem because you can define
everything precisely, for example as a
kind of computer simulation, but in
quantum mechanics the existence of
an “external thing” making some sort
of observation is deeply ingrained in
its formulation.

So, quantum mechanics applies
to a subsystem—everybody agrees
that it works perfectly then—but
what scientists really wanted is to
find a framework which includes
external observers, namely “full
things” including such observers.

But your philosophy says that such

a framework might not exist. The
theory might be consistent without
it. | think this is quite possible. Maybe
physics can do in principle is only to
talk about subsystems.

While | think it quite possible, usual
scientists don't think that way, which
is striking. Having said that, | would
say that the only way scientists can
reach that conclusion, if we could
reach, is asymptotic. In fact, this is
quite a general phenomenon. A
“proof” of a theory in natural
science does not go like that in
mathematics. You just have to keep
increasing your confidence about the
theory, in some sense by lowering the
confidence for alternatives.
Murayama: ...empirical science...
Nomura: Yeah.

Gabriel: That's why it is empirical.
Nomura: Yes, that's why the only way
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for scientists to reach this conclusion,
or confirm Markus’s view, is to try
to build a theory including external
observers and keep failing it. This
is the only way science can “reach”
there.
Murayama: That's right. | agree with
that.
Gabriel: Yes. | agree with that too
and | think that this is why this model
that | give, of the no-totality view,
might be a very good description
of what science is doing because
science at most is reaching for totality
asymptotically, and it keeps failing in
that respect but in very specific ways.
Science as an epistemic virtue is
the degree of distance between an
impossible ideal and its capacity to
nevertheless approach it, so science
is, if you like, searching for the
biggest natural number. Well, there is
no such thing. You will never find it,
right? But nevertheless, as it does so,
it finds always more numbers. It adds
and adds, so it’s a very successful
operation, even though it defines a
limit that cannot be reached by the
nature of that limit.
Nomura: This analogy is interesting.
But | want to be a little more careful
about my view. If the world were
classical, then | think | might have
totally opposed to your thought.
Gabriel: Yeah, of course we can come
to it, right.
Nomura: So, it is very interesting that
guantum mechanics, which looks
like a very physics thing and is not a
theory of philosophy per se, seems
important. Quantum mechanics is
really affecting how | think about
the nature. Because of quantum
mechanics, | feel that what Markus
says might be true, although |
certainly can't be conclusive.
Murayama: Can you elaborate on
that?



Nomura: Okay. Although I still think
that even a quantum world might
ultimately be described internally,
at least the issue is there. In the
Copenhagen way of thinking, for
example, to test a prediction you
have to make a measurement.
Usually you just say that such
a measurement is described by
decoherence.” Suppose you have
a quantum state which is an equal
superposition of spin up and spin
down, and you interact with it. The
initial state is then the product of
you not knowing the spin state
times the spin up plus down, and
after you interact with the spin, the
state becomes a superposition of
“spin up and you think the spin is
up” and “spin down and you think
the spin is down.” Then you may
write down the result on a piece of
paper, which further amplifies the
up/down information, and so on. But
at which point did you really make a
measurement? To elucidate the issue,
suppose we have only two degrees
of freedom, a spin and me. Let us, for
simplicity, refer to my mental state
finding spin up as A and my mental
state finding down as B. Then you
could say that the state after the
interaction is—this is nothing other
than von Neumann measurement
—equal to “up A" plus “down B,
and you may think that you have
measured spin up or down. This is
wrong.
Murayama: Yeah, because it can still
be either way.
Nomura: No. Not in that sense.
Murayama: Oh, not in that sense?
Nomura: No, the conclusion is more
fundamentally wrong because you
can write down exactly the same
state as “(up + down) times (A +
B)" plus “(up — down) times (A — B)
, since the cross terms cancel. Then

»”

you might say that the measurement
was done in the x direction, rather
than in the z direction.”" A standard
answer to this question of what
measurement you made is that it is
determined through a succession
—not just a single interaction—of
processes: for example, | also write
down the result in a note, somebody
reads it, and so on. Namely, the
measured information is the
information that is amplified in the
sense that many people can share it.
Incidentally, you cannot share
the entire information about a
subsystem because of the no-cloning
theorem of quantum mechanics.*
Only an exponentially small amount
of information can be shared by
multiple entities, and if this sharing
happens you say that the information
is classicalized. But at what point
does this really occur? Maybe you
always need some external entity,
or a sufficiently large amount of
amplification may be enough to claim
that things are classicalized. In the
latter case we don’t need to go as
far as no-totality, but we don't really
know.
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Where Is Consciousness?

Nomura: But it is still true that things
become classical only after some
amplifications. And, since our thinking

*3 process in which quantum coherence

of a state—the origin of strange quantum
behaviors—is lost from the system due to its
interactions with environment. This makes the
system appear classical.

*In quantum mechanics, a spin can take
only two independent states, which one can
take to be "up" and "down." These are the
states which, when the z-component of the
angular momentum is measured, give definite
answers: +1/2 and -1/2 in certain units. An
intriguing thing is that the states which give
definite answers when the x-component is
measurement are given by "superpositions”
of these two states: (up plus down) and (up
minus down), giving the x-component to be
1/2 and -1/2, respectively.

** In quantum mechanics, full information
contained in a quantum state cannot be
copied faithfully. This results from the fact
that any operation in quantum mechanics
acts linearly. Suppose there is a copy machine
that converts a spin up into two up's—

which we write as (up)A2—and a down into
(down)~2. Now, imagine that we send a
superposition state (up + down) into this copy
machine. Since the action of the machine
must be linear, this produces the state (up/2
+ down”2), which is not a copy of the original
state, (up + down)”2, since the information
about interference terms is dropped. This
obstruction for duplicating information does
not occur in classical mechanics, which does
not have the concept of a superposition.
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is probably classical—we are not
having a “superposition thinking”—
the question of where consciousness
is might be answered only after

such amplification, and in this sense
consciousness may involve something
outside a brain because the brain is
interacting with a lot of things. This is
what | meant to say in passing earlier.
Gabriel: I'm very happy with what
you're saying.

Nomura: Things become classical
only after information amplification,
but how much amplification you
need? This may be a quantitative
guestion associated, for example, with
how stable the information needs

to become. But it is certainly true
that amplification occurs through
interactions, so that your brain state
is copied to photons in some form,
and so on. So, where the information,
namely consciousness, actually is?
Gabriel: What you're describing could
be a legitimate version of the age-
old assumption that consciousness
has something to do with quantum
mechanics. But it might not be
consciousness; it might be thought.
The mental state | am in as a theorist
right now leads to classicalization.

It turns something into classical
amplification. So the operation that
you're describing, which is obviously
related to the measurement problem
and so on, that operation could be
essentially tied to thought.
Murayama: Can you again define the
difference between consciousness
and thought?

Gabriel: Okay, so here’s what | mean.
I'l give you a notion of thought with
which I'm working here. We can both
think the same thought. For instance,
Tokyo is a city. | tell you what | mean
by city. | tell you what | mean by
Tokyo and so forth. We can then
think the same thing, namely that

Tokyo is a city. I'll give you another
thought. “Tenno” is the Japanese
word for emperor. So, that's a
thought. Now if you agree and |
agree, is there something to which
we both agree?

I would say yes and philosophers
call—in a certain tradition, which
I think is right; the mathematician,
Gottlob Frege introduced this
notion—he called that to which we
both agree a thought and Frege
distinguishes between a thought and
thinking. | can think that thought and
you can think the thought, and we
both think the same thought. So, the
thought is not in my head. Otherwise,
we couldn’t be thinking the same
thought. The thought is not in my
head, only the activity of thinking it
is.
Nomura: By the way, the concept
you are talking about applies only in
classical physics. This is because you
are assuming that information can be
duplicated. In quantum mechanics,
the full information cannot be copied.
There is a very simple reason for that
—the principle of linearity.”
Gabriel: Interesting.
Nomura: So, you cannot have an
exact copy machine in quantum
mechanics. This is why our world
classicalizes because a definition of
being classical is that we can share
the information exactly and...
Gabriel: Yes, exactly. Once we share
information, we are on the classical
level. We have to be. Thought is
classical.
Nomura: Yes, a classical thing. But our
world is quantum mechanical, deep
down. So, the notion you are talking
about must become something very
interesting at the fundamental level.
Perhaps even a concept like two
share the same thought might not
be precisely defined at such level
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because in guantum mechanics, to
specify the state of the world, you
really have to give a quantum state.
And the state is a global concept—
you have to know everything about
the system in principle.

In this context, the relevant
question is why we can admit an
approximately classical treatment of
nature, not—unlike sometimes posed
—why quantum mechanics admits
nonlocal phenomena, such as an EPR
pair.”® The nonlocal nature of a state
is intrinsic in quantum mechanics.
Nevertheless, you can predict what
happens if | just dropped this phone
which | have in my hand without
knowing what's happening in
Andromeda, despite the fact that
the quantum state must include
everything in the world...

So, your information and my
information, those are shared—
minute you say something like
those, you are already separating
your quantum state into pieces and
entering into a classical regime. So,
how does such classicality emerge?
I don't know whether this is a
philosophical question, but it is very
interesting.

Riddle of the Unity of the
Proposition

Gabriel: | think it is a very
philosophical question that is
amenable to a scientific treatment. It
is, in a certain sense, the philosophical
guestion because it's a question of
how thought emerges in a non-
thinking environment. Only parts of

*¢n quantum mechanics, one can consider

a quantum state in which two objects, e.g.,
spins, are correlated in such a way that the
state of each object cannot be described
independently of that of the other. This
phenomenon is called entanglement, and the
EPR (Einstein-Podolsky-Rosen) pair is a specific
form of entanglement between two objects.



the universe think.

What if we have a picture where
reality, indeed, is what we are
thinking about, so the thought has
a physical trace, a signature in the
universe? If we can assign a physically
kosher signature to a thought, then
we cross the gap between thinking
and reality because now we can
understand how what we are doing
when we are thinking is grasping
a thought because we know much
more about what we do when we
are thinking in the brain and what
must happen on the object side
when reality stabilizes or classicalizes
into a thought.

This might be related to a really
famous riddle. It is called the Riddle
of the Unity of the Proposition.”’ This
is not solved. A student of mine just
wrote a brilliant thesis about it, but
it does not amount to a complete
solution. It’s brilliant but it doesn't
work. The other reviewer said
we could still give him Ph.D. as he
thought the issue through—that's
what we do in philosophy—and he
indeed got the best grade because
the solution was brilliant. But it can't
be the whole story.

Here is the problem of the Unity of
the Proposition. There must indeed
be an answer that physics can give.
Bertrand Russell kind of discovered
this problem, but it is in fact older—it
had already been discussed in Plato.
Imagine that | think a certain thought
such as that the dog is on the mat. If
| think that the dog is on the mat—or
let's take something that is actually

*" The unity of the proposition is the problem
of explaining how a sentence expresses

more than just what a list of proper names
expresses and how a sentence comes to be
true or false? For example, if “Socrates is
wise” consists of just a name for Socrates, and
a name for the universal concept of Wisdom,
how could the sentence be true or false?

there in this room, so the bottle is

on the table. Alright? Now, on my
definition of thought, that the bottle
is on the table is the thought that the
bottle is on the table.

Murayama: Say that again.

Nomura: Yeah, right. To understand it
better...

Gabriel: On my definition of thought,
okay, here is what the thought is. The
bottle on the table—the thought that
the bottle is on the table is not in my
mind. It is here. What you perceive

is both a bottle on the table, and

the thought that the bottle is on the
table. There are not two things in
reality, but an inseparable unity of
information and object.

Murayama: Okay.

Gabriel: So, there is something in my
mind right now. | see the bottle from
here. You see it from there, but we
both see the same thing, the bottle
on the table. Hitoshi, you see it from
there, | see it from here, and Yasunori,
you see it from there, but there is
one fact: the bottle on the table.
That's why it is fair to say that once |
define all of my terms precisely...
Nomura: You have become a
scientist!

Gabriel: Philosophers are scientists
too, you know...

Nomura: It's a bit nasty to talk about
making everything precise every time,
but...

Gabriel: Not nasty, ...defining things
is very important. Anyway, imagine
we completely define our concepts at
the highest level—namely giving you
the highest, the most fine-grained
scientific account of what | mean...
Nomura: Okay. That is not the point
here anyway.

Gabriel: You know, we really fix the
meaning of bottle, table, etc.
Nomura: Okay.

Gabriel: Now we have the thought

the bottle is on the table. You process
the thought in the way in which your
organism does it for you and | do it
for me and let’s call that thinking. So,
the activity of processing a thought
is thinking. What | am thinking is

the thought, but what | am thinking
when | am thinking that thought is
really the bottle on the table.
Murayama: So, you're saying that this
object is the thought.

Gabriel: Indeed.

Murayama: Okay.

Gabriel: This is what philosophers call
a fact.

Nomura: Okay, but | didn't get what
is the puzzle...

Gabriel: | said something which |
hope is true, right? So, it doesn't yet
come with a puzzle. But here is a
problem now. Can thoughts be false?
Can there be negative facts?
Murayama: Can thoughts be false?
Gabriel: Yes; “Can there be negative
facts?” So, imagine there are no
negative facts. Here is a positive fact
—the bottle is on the table. Now, is
there a negative fact here too, for
instance, the fact that there is no pig
on the table?

Nomura: Negative fact means... that
there is no pig on the table?
Murayama: It's a fact.

Nomura: Yeah, that is a fact.

Gabriel: Yeah, but is the fact
negative? The fact that there is a
table entails that there is no pig
exactly where the table is. Is reality
composed of positive and negative
facts?

Nomura: It seems that there is only

a fact that molecules, or particles or
whatever, are configured in a certain
way...

Gabriel: For sure, molecules are
involved in facts, and those facts are
not negative. But now the problem is
this. Suppose no fact is ever negative,
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and there are just more positive facts.
Then, imagine that | change the facts.
Currently, the facts are such that
there is a bottle. Now, | change them.
By this, | didn't create a negative

fact. There is just a new fact, not a
negative fact.

Murayama: Yeah. That is a new fact.
Nomura: Of course, you could define
it as a negative fact, but that would
just be a convention...

Gabriel: The question is: If there are
no negative facts, then how can |
make a mistake in thinking? Imagine
I think something. I think a thought.

| process reality. How can | make

a mistake if there are no negative
facts? Then, reality would be coming
in all the time and that’s it. Facts will
be coming in. How do we explain

the subjectivity, i.e. fallibility, of our
relationship with reality?

Nomura: | would say the following.
For example, despite the fact that
the bottle is here—in the sense that
Hitoshi has a thought that the bottle
is here on the table and you also
share the thought that the bottle is
on the table, and everybody shares
the same thought—despite that, if |
am having a thought that there is no
bottle, then that can be taken as a
definition of mistake.

Gabriel: Yes, that would be a mistake.
But now that mistake is a relation
between something that’s going on
in you and something that’s here on
the table, right? And now you see

if that's your theory, you see you
have the correspondence theory of
truth. Because now you're saying that
you have a theory of mistakes, and
you make a mistake if what's here
doesn't correspond to what's there.
And correspondingly, now you can
define what happens when you don’t
make a mistake. If you don’t make

a mistake, then what's here (in my
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mind) corresponds to what's there on
the table. That is the correspondence
theory of truth. Now, you have it.

How Truth/Falsity Is Defined in a
Quantum Mechanical World?
Nomura: Yeah. | am saying something
like that, but not quite. A mistake in
my theory is defined only statistically.

At least in a quantum mechanical
world, you always have to think
about things in terms of a confidence
level or something like that. Suppose
that—I also gave you this example
earlier™® —suppose that the mass
of a particle called the Z Boson is,
let's say for simplicity, 90 GeV. That
corresponds to the existence of a
peak at 90 GeV in some spectrum
—with the existence of such a peak,
we usually say that the mass of the
particle is 90 GeV. But, maybe the
“true value” is 80 GeV. Since in
quantum mechanics everything is
statistical, a rare coincidence may
have happened that the result of an
experiment is pretending that the
mass is 90 despite the fact that the
true value is 80. You might still say
that “it can’t be the case because
other experiments also found
90.” But the result of this other
experiment may also be a statistical
fluke. If you think in this way, you
can’t do anything.

So, when we do science, we are
always using, at least implicitly,
the concept of typicality, and we
temporarily view a thing as a truth
if it is highly confident in this sense.
So, if we had 100 people seeing the
bottle here on the table and | am
the only person who does not see
or measure it, then it would give a
higher confidence that I am making
a mistake. And if you have thousand
people seeing it and | am still saying
it's not there, then it becomes more
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confident that | am making a mistake...
Gabriel: Yeah, but here’s the problem.
Murayama: Yeah, then you can never
say you made a mistake.

Gabriel: Yes, you can never say that
you either made a mistake or that
you got it right.

Nomura: But | think this logic is still
true nevertheless because...
Murayama: What do you think is
true then?

Gabriel: Now, Yasunori, what you
said seems to imply that there is no
falsifiability either. Because if there

is no absolute truth, then there is

no absolute falsity. You can also not
falsify a theory.

Nomura: | agree.

Gabriel: Agree?

Nomura: Yes, | agree.

Gabriel: ...then you can stop using a
theory...

Nomura: | mean, I'm saying that
falsifiability must also be a statistical
statement exactly as the statement “|
am making a mistake” in the previous
example is a statistical statement.
Likewise, “the mass of the Z Boson is
90 GeV" is also a statistical statement,
at least in a quantum mechanical
world, and practically even in a
classical world, | think.

Murayama: That is the standard way
of approaching quantum...

Nomura: Yes, | think so.

Gabriel: That's true.

Nomura: Indeed, things are always
like that. Any criterion, such as true
or false, is in fact almost always
continuously connected, and so

you must cut somewhere. And your
example—a bottle on the table—is
not an exception. This is important.

*® After M.G.'s seminar, there was a panel
discussion by three panelists including M.G.
and Y.N., where the example discussed here
was talked about prior to this round table
discussion.



| claim we must always think in this
way at the fundamental level.
Gabriel: Always, and there is no fixed
number.

Nomura: Yes, exactly.

Gabriel: You work as you go and
then all these contextual parameters
are coming in.

Nomura: Exactly!

Gabriel: You work as you go. You
cannot give a calculus for it. If there
is no absolute certainty, there is no
falsifiability either!

Nomura: I'm very sympathetic to that.

Murayama: Yes, that contextual part
is really true in a sociological sense
in physics community. If you claim to
have discovered new particle, like the
Higgs Boson, the stake is so high that
it requires 99.9997 %.

Gabriel: Exactly! You raise the stake.
Murayama: But when you say that
somebody is handing you a theory,
there should be a new particle,
nobody really cares. You take

the data. You have excluded the
hypothesis. Then, even at the level
of 90% confidence level, you would
take that as a fact—"Okay it didn’t
exist.”

Nomura: Yes, that's sociological but
interesting...

Murayama: Yeah, that's the definition
you mentioned.

Gabriel: You see, this shows, in a
certain sense, that the falsifiability
criterion also fails.

Nomura: In the exact sense.

Gabriel: Yeah, in the exact sense.
Murayama: Because it's not 100%.
Nomura: Yeah. | think the case of a
dolphin is also the same—I mean, if
we trace the motion of all the atoms
by, e.g., a very strong computer,
then we don't necessarily have to
introduce the concept of dolphin,
human, or anything like that, since
we just have to follow the motion

of all elementary particles, which
contains all the information. Almost
all the concepts we are talking

about are implicitly and intrinsically
approximate, like artificially dividing

a continuous thing, and this division
must even be statistical, at least in

a quantum world. In fact, we might
even be able to turn the argument
around and say that this is the reason
why the fundamental law of physics
takes the form which quantum
mechanics does...

Gabriel: So, what's really going on is a
certain—if you like, within thinking—
fluctuation, a probability fluctuation
at the level of thinking too, right?
There are certain points of the wave
and they are relative to contextual
parameters themselves and then we
say, okay, we call this falsification,
and this confirming evidence, and this
data. But you see this is very different
from Popper's picture of falsification
because the falsification picture is
one which worked like the following:
all ravens are black and then you find
a white one and it’s like, damn, | was
wrong. So, you take this back.

That was the model, where really
the falsification picture presupposes
that there are facts and either you
get them or you don't, and Popper
just said that you never get all
the facts. You always get a partial
glimpse and the more facts come
in, maybe some disconfirming facts
come in too and that’s it. So, Popper
would say that science goes like this.
All ravens are black. False, there is a
white raven, and then it's like “damn,
forget about the black ravens.” What
do | know about ravens? That's the
conclusion. Then, I'm not interested in
ravens anymore.

Murayama: That's a really sad
definition of science.
Gabriel: Yeah. That's not what it is,

right? So, there has to be middle
ground level, where the dynamics
simply can't stop. Right? But this is
not driven by inductive data sampling.
Nomura: As | emphasized, always
you are using statistical inference to
reduce the number of assumptions,
namely getting a better theory.

For example, suppose your theory
predicts that all ravens are black, but
you observe a white one. Then you
usually say that you falsify the theory,
and that's okay. But in principle, you
cannot exclude the possibility that
you instantly became achromatopsia,
so that you couldn’t process the

color correctly, and then got back

to normal. You cannot exclude this
exactly, so we are implicitly assuming
that such a thing occurs only with an
extremely small probability, implying
that your theory is excluded at a very,
very high confidence. Like this, we are
always using statistics.

Gabriel: Some version of so-called
holism is probably correct here. Quine
proposed to think of physical theory
as a web of beliefs whose end points
are measurements. We are in touch
with the universe, but we extend our
belief system with the help of physics.
Science is not just a collection of
sensory data and inductive claims.
Murayama: Does it need to be really
human sensory system or it can be
extended by instruments?

Gabriel: Yes, it can be extended

by instruments and thus by
measurements.

Murayama: Okay. That's good.
Nomura: This is precisely why the
issue is interesting. In a classical
world, the probabilistic nature in R(T):tﬂg
these processes is usually attributed
to incomplete knowledge, namely
you don't know enough with
precision.

Murayama: Like a weather forecast.
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Nomura: Yeah. But if you know
perfectly the location and velocity
of all the elementary particles and
have a hyper-strong computer, then
we don't need to introduce such a
probabilistic nature...

Gabriel: Yeah, then it will be fine.

Discussing Consciousness Again

Nomura: But quantum mechanics
says that this is not the case.
Probability seems to be much more
fundamental. But then this brings us
to the issue of consciousness. You
could say “Oh wait, you say that
probabilities are the only thing that
can physically exist, but | exist in a
specific place in specific time.” This
may require something like going
back to consciousness—do | have

to introduce consciousness in the
definition of physical law? | doubt,
but | don't have a definite conclusion.
Gabriel: But here is how you could
maybe map decoherence™ onto

that picture, so not do it with
consciousness but do it with thought.
So, what if a measurement—in the
sense of the measurement problem—
takes place once | stabilize a thought
environment, so it's not internal.
Consciousness is typically seen as
something very private, intimate,
right? | can't see your consciousness.
That's typically implicit in the concept
of consciousness.

But if we have this other concept
of thinking, then maybe that could
do it, where thinking is putting me as
a measurement system—the whole
animal that I am—putting me in
touch with my environment and my
environment now, the environment
of an animal, is going to be classical.
Otherwise, the animal couldn't
survive. The animal doesn’t jump over
probabilities. That's why Schrodinger's
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cat is so aptly chosen. It's an animal.
That's why we are like “okay, is it
dead or alive?” So for that it matters
for animals to be dead or alive, so
maybe we are the kinds of systems
that as thinkers...

Nomura: I'm sympathetic. In fact,

in one of the papers™ | even

said something like that. The
classicalization relevant here may
just be information amplification—
that's the possibility | discussed. I'm
not pushing consciousness is very
important and necessary.

Gabriel: No. It's not consciousness.
We are not talking about
CONsCiousness.

Nomura: Maybe yes, but I'm not a
proponent of that.

Gabriel: But that’s really not the
proposal here. It's really a much more
objective proposal, nothing having to
do with “subjective consciousness’”.
Murayama: So how does thinking
and thought work, to address this
question?

Gabriel: Okay. So here is the picture.
A thought can be true or false.
Determinately it has two states, A or
B, on/off. That's why you can translate
thoughts into information.
Murayama: Okay. So, that is classical.
Gabriel: That's classical. | think
thought is classical.

Liar Paradox

Nomura: Yeah, but because you are
referring to “A or B"- or “Yes or No”
-type statement often, | would raise
this. What do you think about “l am a
liar"-type situation?”"

Gabriel: Oh, yeah. So, well, I think
that can be solved because the liar
paradox is the following proposition.
L: L is false. So, this is how you
formalize it. It's simple. Now, an
interesting solution—there are many
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solutions to it—but here is the one

| really like. A recent one by a friend
of mine, Sebastian Rodl, a German
philosopher, he says the liar paradox
is just nonsense. There is no paradox.
Here is how.

So, imagine | look at you and | just
utter the words “I told you,” and now
you ask me “What? What did you tell
me?” Out of the blue, it’s like “| told
you” and you look at me “what?”
and it’s like “well just that. | told
you!” Now, “what did you tell me?” is
a good question, right? So, 'm not
saying anything if | just claim “I told
you.” | can't tell you it without saying
what it is. So, the liar paradox just
doesn't specify truth conditions. It
contains a statement apparently
saying about itself that it is false
without specifying what “it” is.
Nomura: Yeah, that is interesting. But,
is this something you have to “solve”?
| thought that when Goédel proposed
it, he meant to show that there is
an intrinsic limitation in Boolean
yes or no logic, and not presented
as a paradox. This is just a feature
of Boolean logic, that it cannot be
complete.

Gabriel: Yeah. That's one way of
dealing with it or you can say accept,
for instance, dialetheism, which is an
interesting logical view. According

to this view, you can say that the liar
sentence is both true and false.
Murayama: Both true and false?
Nomura: Yeah. You are just saying
that Boolean is not enough—you

*2Y. Nomura, “Quantum mechanics,
spacetime locality, and gravity,” Found. Phys.
43 (2013) 978, arXiv:1110.4630 [hep-th].

*10% am a liar™ if he is correct (TRUE), then he
is a liar (FALSE); if what he is saying is wrong
(FALSE) then he is not a liar (TRUE). (Perhaps, a
better sentence was “This sentence is

false.”) Y.N. raised this as a possible example
for something that cannot be answered
simply by Yes or No.



have to extend it.

Gabriel: Exactly, that can be done.
Murayama: That's along the same
line of thinking then.

Gabriel: Yes. That can be done. That's
one form of paraconsistent logic.
Nomura: Okay.

Gabriel: So, no problem. But my
solution is even easier. | think that
when | say “I am lying” and | am

not telling you anything, then | am
not lying. So, that's why there is no
paradox. You need to say something
in order to create a paradox.
Murayama: But if you say ‘| always
lie”, then it is a paradox.

Gabriel: Now, yeah. Now, it becomes
a paradox. Yeah. | always lie. But, then
| would say the answer to this is no. If
someone tells me “l always lie” then

| could say “no” because what you've
just said is neither true nor false, so
you don't always lie.

That's why we typically formulate
it like this. We abstract from the
speakers because otherwise you can
just deny that this is a legitimate
speech act. You can just say “don’t
speak this way,” right? So, if we
formalize it, usually we say something
like proposition L, so we call the
sentence L and the sentence L says L
is false, right? So, now it’s true.
Nomura: Exactly, so negative
feedback is always outside the
Boolean logic.

Gabriel: Indeed. So, we know that
this indeed causes problems, and |
think that this is part of why I think
there is no totality, even in logical
space because if there were totality
in logical space, the liar would be in
there too. So, you have to rule out
something, for instance the liar. You
have to be justified in ruling out the
liar paradox and other paradoxes in
order to have a theory at all.
Nomura: Interesting. | believe this

is related with quantum mechanics,
why guantum mechanics is
formulated in a way that it applies
only to subsystems. I've always felt
that this may be related with
Godel's.™"

Gabriel: Yes, | think so too.
Murayama: Okay, Yasunori. That's
why you brought this up.

Nomura: Yes. | always thought this
way.

Gabriel: My theory on the
fundamental level is a kind of
generalization of what we know
from Godel's theorems and their
consequences. There are still
problems in Godel. For instance, if
you assign a Godel number to a
sentence without accounting for the
fact that the sentence has meaning,
you did not really do the trick. Goédel
needs a theory of semantic meaning
before he can prove what he wanted
to prove. Godel doesn't give you a
theory of meaning. He gives you a
formal system, which prints out a
string of symbols. If no one is around
to understand them, no proof ever
occurred.

Now, if my arguments are sound,
they provide us with a generalized
Godel scenario. | worked out
a generalized incompleteness
theorem, so wherever you shoot
for completeness, you can't get it.
That's my argument. It's very strong
and general—so it has to apply to
guantum mechanics too.

Nomura: Yes, that's what | am saying.
Gabriel: Yes. Absolutely!

Nomura: Wow, it seems we have only
10 minutes. We had a lot fun, but
how to assemble all these in the form
of an article? Isn't it too difficult? ...

Through an Encounter with
Philosophy Science Knows What
Itls

Gabriel: Yeah, we can wrap it up. You
see, for instance if we tackle this very
specific issue, which came out now
at the end, | mean | clearly formulate
with my theory something that is

' A set of two theorems formulated by
mathematician Kurt Godel. They state that
every formal axiomatic system capable of
modelling basic arithmetic is “incomplete,” i.e.,
has some intrinsic limitations.
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in principle falsifiable, in principle
testable, then it has consequences for
our way of doing and understanding
quantum mechanics clearly, because
now you have to choose and so

you could falsify what | am saying.
It's a high-stakes claim. If you can
show that quantum mechanics is a
complete system, then you would
have falsified what | am saying.
Nomura: At least, in a quantum
mechanical world.

Gabriel: Yeah, at least. That is
something general.

Nomura: Because mathematically
Godel is an example of your...
Gabriel: Yes, mathematically I'm right
anyhow.

Nomura: Yeah, because philosophy is
more general...

Gabriel: So, I'm right anyhow.
(Everyone laughed.) But | have

an additional stronger claim. The
hypothesis is that the general view,
the generalized stable view, my
generalized Godel thing, must have
consequences within quantum
mechanics too, something | see in
work by Carlo Rovelli too with whom
I once discussed this in a public event
in Marseille.

Nomura: A narrow version of your
philosophy seems like the claim that
your principle also applies to the
physical world.

Gabriel: Yes, that's the narrow
hypothesis.

Nomura: | think this is at least a
reasonable chance to be true.
Gabriel: Yeah. Yes. That would be
remarkable, right? That, | think this
has real consequences for physics,
right?

Nomura: | think so. What we are
searching for, i.e., a complete logical
framework of whole Nature, may be
something that does not exist, but
again the only way to scientifically
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know it is to keep trying and failing.
So, in that sense, what we will be
doing must be the same anyway,

but it is always good to have in mind
the other possibility offered by a big
philosophical thinking, which says
that failure may not necessarily mean
that we are weak but may indicate
something fundamental—such a
complete framework simply does not
exist. This is literally where philosophy
and science meet, and it’s fun.
Gabriel: Yeah, this is a really fun
question. | think we have now
achieved an understanding of some
of the things | say as a philosopher
and things that actually show up in
physics that we can continue fully
articulating. But if we articulate that,
| think this is a philosophy of science
that | have never seen. | doubt that
the scientific hypothesis that we have
formulated and with ramifications
and consequences for understanding
of science, knowledge, and reality

—I doubt that anyone has ever
formulated it.

Murayama: So, philosophy of science
can be tested experimentally.
Gabriel: Yes. That's the claim. Science
can know what science is if it talks to
philosophers. Philosophy of science as
it is currently practiced in my view is
a failure. We need to cooperate and
bring actual metaphysics (or rather
what | call ontology) and physics
together.

Murayama: That's really amazing.
Yeah.

Gabriel: So, science itself becomes
reflective and thereby we falsify
Heidegger's famous claim that
science doesn’t think. Science itself is
a form of philosophy.

Nomura: Yes, | strongly support that
idea.

Gabriel: Yeah.

Nomura: Like one branch of
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philosophy.

Gabriel: It's a branch of philosophy.
Murayama: | think every scientist
would agree with that.

Nomura: Yeah. But it's not completely
well articulated because it's slightly
person dependent, | mean at a
detailed level. The basic theme

is probably shared by almost all
scientists, but it's very interesting to
even study this.

Gabriel: Yes, there is no research
project on this, right? | mean...
Murayama: One thing I'm sure you
know that some scientists use the
word philosophy in a somewhat
derogatory fashion.

Gabriel: | know. Yeah.

Murayama: In a negative way.
Gabriel: Stephen Hawking and so
on, philosophy is dead and so on. But
then they don't define philosophy. So,
Stephen Hawking’s claim “philosophy
is dead” is maximally unscientific,
right?

Nomura: Because he didn't define...
Gabriel: “Philosophy” or “science” for
that matter.

Murayama: Excluding something he
didn’t define. That's great.

Gabriel: Yeah. Great! Saying that
philosophy is dead is like, well, | don’t
know what they mean but if they
mean that Jesus is dead with the
word philosophy, then it's true, he
died, if he ever lived. But if they really
mean philosophy is dead, then they
are saying physics is dead too.
Nomura: Yep, because physics is

a form of philosophy. That's what
we're talking about. Everything is
philosophy!

Gabriel: Yes. Absolutely! So, this
remarkable feedback loop, you
know... So, science can look upon
science within science.

Murayama: That's great. Yeah.



Toward Changing Misconception
of Science by General Public

Gabriel: You know this as a scientist,
but that has never been built into a
philosophy of science. All philosophy
of science that | know of is dualistic.
They think of science there,
philosophy there. So, the scientists
do their stuff. They are basically
super smart engineers, right? They
build machines and figure out things,
right?

Nomura: And calculate.

Murayama: That's the perception.
Gabriel: Yeah, that's the perception
but that's a terrible perception. That's
a terrible misunderstanding.
Murayama: Right, exactly! | strongly
oppose that.

Nomura: Yeah. That's not what
science is.

Gabriel: No, no way.

Nomura: But on the other hand,
many scientists seem to be just
doing that, so that's why this kind

of interaction is interesting and
potentially useful because science is
not just engineering or calculations.
Gabriel: No, even though you need to
do that. You might behave like that
but that doesn’'t mean that what you
are doing is that. If we achieve this
level of self-reflection, then a lot of
public perceptions of both philosophy
and science would totally change.
And given that modernity—modern
democracy and so on—is logically
drawing on technology and science
but with a bad understanding of
what that is, what we are doing now
has much bigger consequences than
merely answering a certain problem.
If you articulate this in the right way...
Think of the social consequences if
we brought actual science and actual
theoretical philosophy together!
Murayama: That's really important
too because there was actually

new study of truth waves | have
seen, which talks about how public
perceives science. By and large,
people tend to trust science. That's
the sort of what comes up in the
survey, but they clearly state that
they feel decoupled from science
because they don’t know what
scientists are actually doing and how
they are thinking and so on and so
forth. They aren’t quite sure whether
they can really trust the stuff. So, that
disconnect is actually causing social
problems.

Gabriel: Yes. A real social problem,
which in turn becomes a scientific
problem when we figure out what
the social problem is, so we get this
loop back into the picture.

Nomura: Two comments. At the very
least, what we have demonstrated
today and yesterday is that at least
in Japan, there is a public demand.
Look at today’s event! This was done
in a room on the 13th floor of some
random building, and yet the room
was packed. In our dialogue
yesterday™” as well, there was large
audience. So, the demand is there.
Gabriel: Yeah. No doubt.

Nomura: The second is that—this

is seconding Hitoshi's comment—
people may not really know what
scientists are doing and how they
work. For example, in today’s event,
someone asked the role of intuition
in science, right?

Gabriel: Yeah. Yeah.

Nomura: | said that in doing science
we certainly use intuition, but the
final outcome, whatever a physical
law or alike, should not rely on
intuition. And he was like “Wow!
That makes things clear!” | thought

| just said an obvious thing, but that
was eye-opening to someone. So,
maybe even intellectual people, like
those coming to our events and

asking good questions, may not really
know what we are doing and under
what philosophy. So, discussion like
this in public settings would be very
helpful.

Murayama: That's absolutely clear.
Gabriel: | think the demand is very
large. I mean the fact that—and it’s
coming from different directions—...
So, | became aware of the power of
that demand by being contacted by
scientists...

Murayama: Uh-huh.

Gabriel: Yeah, Hitoshi, like you, which
confirms exactly. | was invited here,
right? So, my activity and your activity
overlapped, so that at some point |
had an e-mail in my e-mail box. And
the fact that | got these invitations
means that within the system of
science itself, that arises, right?

This must have something to do
with the state of the art in science, so
science itself is even becoming more
reflective, and as it does, it changes
its nature. So, there is something very
progressive going on right now, and
then given that the social system of
science is deeply interconnected with
modern technology, and therefore
democracy and so on, there is this
additional feedback loop. So, there
are a lot going on, and in Germany
there is clearly that demand too.
Nomura: Oh, | also had the third
comment. | enjoyed today’s dialogue
a lot!

Gabriel: That's likely the most certain
thing.
Nomura: Yeah. This is really true,
confidence level 99.99...
Gabriel: Me too. Yeah. This was
Round
great! Table
Murayama: It has always been a
question to myself “what exactly I'm
doing?” because the scientific
methods have been sort of taught
and enforced on me—it didn’t come
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out of me. Because I'm practicing
myself, and it's my life, why I'm doing
this and why that is important and
what does it mean. | think those
guestions would keep coming up.
And this dialogue was very helpful
—it didn't answer those questions, |
have to say, but we've been thinking
about it.

Nomura: Yes, that's what we can be
thinking about. Philosophy is about
thinking!

Gabriel: Yeah, philosophy doesn’t
answer anything! (laugh)

Nomura: Not necessarily, though
sometimes it does...

Gabriel: Within the division of
labor, my role, I think, as a general
philosopher is to look at different
pockets of scientific knowledge and
then all these feedback loops are
starting. And now we are ready in
this whole fluctuating network, and
we know if we change something

here, then given that it’s a field—that’s
why | have the field metaphor in my
philosophy, field of sense—so if you
do something in this field, probably
there are entanglement phenomena
across fields of sense.

Murayama: Okay.

Nomura: Great! Nice meeting you.
Gabriel: Good. We'll continue.
Murayama: Thank you so much,
Markus.

Gabriel: Thank you very much.
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48. “Holographic RG flows from 7D
gauged Supergravity”
Speaker: Alessandra Gnecchi
(CERN)
Date: Mar 07, 2019

49. “Coulomb branches of
symmetrizable quiver gauge
theories”
Speaker: Hiraku Nakajima (Kavli
IPMU)
Date: Mar 07, 2019

50. “Emergent inflation from a
Nambu-Jona-Lasinio mechanism
in gravity with non-dynamical
torsion”
Speaker: Antonino Marciano
(Fudan U)
Date: Mar 11, 2019

51. “Integrable coupled sigma-models”
Speaker: Benoit Vicedo (U York)
Date: Mar 12, 2019

52. “Higgs signatures in primordial
non-Gaussianities”
Speaker: Yi-Peng Wu (RESCEU,
U Tokyo)
Date: Mar 13, 2019

53. “What are derived manifolds?”
Speaker: David Carchedi (George
Mason U)
Date: Mar 14, 2019

54. “The Inconsistent Universe:
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Problems with KiDS, or with
LambaCDM?"
Speaker: Benjamin Joachimi (UCL)
Date: Mar 19, 2019

55. “The holographic dual of the
Omega-background”
Speaker: Kiril Hristov (Inst for
Nuclear Energy and Nuclear
Research (INRNE) at Bulgarian
Academy of Sciences)
Date: Mar 19, 2019

56. “Cosmology with weak
gravitational lensing: challenges
and opportunities”
Speaker: Elisa Chisari (U Oxford)
Date: Mar 19, 2019

57. “The Higgs Trilinear Coupling and
the Scale of New Physics”
Speaker: Spencer Chang (U Oregon
/ National Taiwan U)
Date: Mar 20, 2019

58. “Black hole information and Reeh-
Schlieder theorem”
Speaker: Kazuya Yonekura
(Tohoku U)
Date: Mar 20, 2019

59. “How Dark is the Universe?
Intensity Mapping in Broadband
and Beyond”
Speaker: Yi-Kuan Chiang (Johns
Hopkins U)
Date: Mar 22, 2019

60. “Maximally supersymmetric
backgrounds and partial N=2 —
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N=1 rigid supersymmetry breaking”
Speaker: Sergei Kuzenko
(U Western Australia)
Date: Mar 25, 2019
“Nilpotent Goldstino superfields
in supergravity and cosmological
constant”
Speaker: Sergei Kuzenko
(U Western Australia)
Date: Mar 26, 2019
62. “The potential of generalized
Kahler geometry”
Speaker: Marco Gualitieri
(U Toronto)
Date: Mar 26, 2019
63. “Are the small parameters in the
quark sector related?”
Speaker: Dipankar Das (Lund U)
Date: Mar 27, 2019
64. “Alternative Fayet-lliopoulos terms
in supergravity”
Speaker: Sergei Kuzenko
(U Western Australia)
Date: Mar 27, 2019
65. “Elliptic Artin groups I”
Speaker: Kyoji Saito (IPMU)
Date: Mar 30, 2019
66. “Elliptic Artin groups II”
Speaker: Yoshihisa Saito (Rikkyo U),
Hiroki Aoki (Tokyo U of Science)
Date: Mar 31, 2019

61.
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Workshop Report

Extremely Big Eyes on the Early Universe at

Kavli IPMU

Alvio Renzini

Associate Scientis, INAF, Astronomical Observatory of Padova

John Silverman

Kavli IPMU Associate Professor

With the advent of giant telescopes
20 - 40m in diameter, the next
decade will see a transformational
phase for ground-based optical/near-
infrared astronomy. The construction
of three such telescopes has already
started or will soon start: the Thirty
Meter Telescope (TMT), the Extremely
Large Telescope (ELT), and the Giant
Magellan Telescope (GMT), with the
Japanese astronomical community
being a prominent member of the
TMT. To promote alertness on the
opportunities they offer for our
understanding of the distant Universe,
a three-part conference series started
with the kickoff meeting at UCLA this
past January, followed by the second
conference at Kavli-IPMU (March 25 -
29) while the third conference will be
held in Rome this September.

The workshop was attended
by over 70 participants from the
Asia/Pacific region, US and Europe.
The status and capabilities of each
telescope were reported, making

clear that, while the ELTs will come
after several years of JWST (James
Webb Space Telescope) operation,
still they will outperform it in various
ways. First, being diffraction limited
thanks to advanced adaptive optics,
they will have 3 to 6 times better
spatial resolution, or just 20 - 40
parsecs at redshift = 7. The ELTs will
also offer higher spectral resolution,
access to shorter wavelengths, higher
spectroscopic multiplex and a much
longer lifetime.

These unparalleled capacities
will allow giant leaps forward in
our understanding of first galaxies
and cosmic reionization, of the
coevolution of galaxies and their
central supermassive black holes,
of the baryon cycle in and out
galaxies feeding star formation and
spreading metals out of them, and
of physical processes responsible for
halting star formation in galaxies.
The current state of the art was
illustrated in over 50 presentations,

also emphasizing that galaxies must
be seen in the context of their large
scale environment. In this respect, the
large surveys being conducted with
Subaru's Hyper-Suprime Cam and
in the near future with the Prime-
Focus Spectrograph are paving the
way for the ELTs. We also heard
from theoreticians constructing ever
larger and more detailed simulations
of galaxies and their need for
observational constraints from the
next generation of giant telescopes.
Several important issues emerged
and were discussed at the conference.
How to optimize the three
telescopes ensuring they together
cover the broadest possible range
of capabilities, hence allowing the
largest variety of science programs?
Indeed, it will not be possible for each
individual telescope to support all
the instruments that would exploit
its large aperture. Therefore, some
complementary capability between
the three telescopes will be highly
beneficial, leaving then to the
ingenuity of the science teams to take
advantage of them. Thus the ultimate
aim of the workshop was to look
forward from the current research
and prepare for the exciting future
opportunities offered to optical and
near-infrared astronomy.
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Workshop Report

Representation Theory, Gauge Theory and
Integrable Systems

Hiraku Nakajima

Kavli IPMU Principal Investigator

From Feb. 4 to Feb. 8, 2019,

Kavli IPMU hosted a workshop on
“Representation theory, gauge theory
and integrable systems” organized

by Hiraku Nakajima (Kavli IPMU),
Francesco Sala (Kavli IPMU), Yuji
Tachikawa (Kavli IPMU), and Yutaka
Yoshida (Kavli IPMU). It was supported
in part by JSPS Grant Number
16H06335 and by financial support
from MEXT.

The workshop focuses interfaces
among representation theory, gauge
theory and integrable systems. There
have been numerous connections in
recent decades, such as computation
of partition functions in gauge
theories via representation theory
and integrable systems, realization
of representations of quantum
algebras via moduli spaces in gauge
theories, new examples of quantum
algebras via gauge theory, and so
on. The workshop brought together
mathematicians and physicists,
including both experts and young
people in these related areas from
Japan and overseas to discuss new
developments and investigate
potential directions for future research.

The talks of Nekrasov, Bershtein,
and Yamazaki were devoted to
relations between 4 or 5 dimensional
SUSY (supersymmetric) gauge theories
and isomonodromic deformation of
differential or difference equations,
Painlevé equations. In particular,
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solutions of Painlevé equations are
described by gauge theory partition
functions, and bilinear relations,
known as Hirota type equations,
are derived from properties of SUSY
gauge theories.

The talks of Yanagida and Yang
were devoted to Hall algebras of
categories of coherent sheaves of
certain algebraic varieties. Yanagida
used coherent sheaves on abelian
surfaces and gave a new proof of the
bispectral property of Macdonald-
Ruijsenaars difference operators
as an application. Yang studied
the cohomological Hall algebra for
coherent sheaves on 2 supported on
the union of coordinate 2-planes, and
its relation to Yangian of E[(l) and
the vertex operator algebra recently
introduced by Gaiotto and Rapcak.

Hosseini and Okuda discussed
the formula of partition functions,
given by the localization technique.
Hosseini's talk was devoted to those
of 5-dimensional SUSY gauge theories
on a toric surface times the circle, and
Okuda'’s talk was for line operators in
4-dimensional SUSY gauge theories.
Kanno explained representation
theory of quantum toroidal algebra
of E[(l), in particular, intertwiners
between its Fock representations.
They are related to the refined
topological vertex, the building
block of the refined version of the
topological string partition functions
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of toric Calabi-Yau 3-folds.

The talks of Gukov and Pei were
about construction of modular
tensor categories from a class of
4-dimensional SUSY quantum field
theories, and relation between
representation theories of vertex
operator algebras and geometry of
Coulomb branches.

McBreen and Hilburn talked
about mysterious relations between
Higgs and Coulomb branches of
3-dimensional SUSY gauge theories,
called symplectic duality. McBreen
proposed a categorical version of the
Hikita conjecture, which states an
equivalence between the categories
associated with Higgs and Coulomb
branches. One of the categories is
supposed to be the derived category
of constructible sheaves on the loop
space, whose rigorous foundation is a
challenging problem. Hilburn explained
the relation between symplectic
duality and Langlands duality.
Langlands duality also appeared in the
talk of Hausel, where he explained
examples of branes in moduli spaces
of Higgs bundles of a group and its
Langlands dual, and their relation
under the semiclassical limit of the
mirror symmetry.

The talks of Kato and Su were
devoted to the relation between
equivariant quantum K-theory/
cohomology and equivariant K-theory/
homology of affine Grassmannians.



Kato introduced the third object,

the equivariant K-theory of a semi-
infinite flag variety, to connect them
vigorously. Su, following the idea

of Teleman, defined the action of
the latter via shift operators acting
on guantum cohomology. Affine
Grassmannians are associated with
finite dimensional complex reductive
groups. There is a growing interest in
double affine Grassmannians, which
are affine Grassmannians for affine
Kac-Moody groups. Muthiah explained

an approach to define the analogous
double affine flag varieties and their
Schubert subvarieties. He discussed
Hecke algebras, Bruhat order, etc. in
this setting.

Kimura explained a definition of
quiver W-algebras associated with a
quiver, based on qq-character defined
via 4d SUSY quiver gauge theories.
The talk of Appel was devoted to an
approach to the reflection equation
and its solution K-matrices via the
category of representations of

guantum symmetric pairs, constructed
as quantization of small K-matrices.

It was unfortunate that a few
invited speakers canceled their visits at
the last moment. But participants told
us that it was an exciting and fruitful
workshop with many interesting
talks on hot topics. Personally, | was
very happy to have a discussion on
Coulomb branches of gauge theories,
and started a collaboration with
participants.
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Workshop Report

Interdisciplinary Approach to Cancer Therapy

Pietro Caradonna

Kavli IPMU Postdoctoral Fellow

Shin'ichiro Takeda

Kavli IPMU Assistant Professor

An important movement towards
discussion of urgent issues faced by
modern cancer research began on the
27th of March. 70 researchers from 8
countries participated in a workshop
called the “Interdisciplinary approach
of applying cutting-edge technologies
at the frontier of cancer research”.

Its objective was to understand the
challenges of eradicating cancer, and
to report on the latest developments
of cutting-edge technologies used in
clinical applications.

Professor Tadayuki Takahashi, a
committee organizer and Principle
Investigator at Kavli IPMU, opened
this inaugural workshop. Addressing
an audience consisting of scientists
from the field of nuclear medicine,
chemistry, physics, engineering, and
pharmaceutical sciences, Professor
Takahashi asked: “how can we all
work together to help physicians
establish new treatment for advanced
cancers in order to boost cancer
survival rates?”

Over the course of 2 days, 16 world-
leading interdisciplinary scientists
presented their current and future
research activities to stimulate new
ideas. We heard from eminent medical
doctors about current state of affairs
in cancer treatment and research. For
instance, in Japan over 30% of cancer
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patients have advanced cancer when
diagnosed, and only 14% of stage

IV cancer patients will survive after
five years using current technologies
and treatment.” With the objective
of eradicating cancer at the cellular
level, Professor Hideyuki Saya from
the Division of Gene Regulation at
the Institute for Advanced Medical
Research at Keio University School of
Medicine discussed the need for new
methods and technologies which can
be used to distinguish between cancer
stem cells in order to eliminate both
the cancer stem cells themselves and
their derivatives.

Particle accelerators play a crucial
role in cancer therapy and in the
production of radio pharmaceuticals.
The Paul Scherrer Institute in
Switzerland use proton therapy
with remarkable success, treating
more than 7,000 patients with a
98% cure rate, while in Japan, RCNP,
Osaka Univ. has started Astatine-211
production by cyclotron aiming
for new alpha-ray therapy. The
development of a new 100-million-
dollar radio pharmaceutical facility
will be completed by 2023 at
TRIUMF in Canada for the purpose
of developing advance rare isotope.
These movements will inevitably lead
to the development of new detection
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systems.

A recurring theme during the
Workshop was highlighting the
transferrability of technology and
methods developed in high energy
physics experiments and in the field
of astrophysics to the field of medical
imaging. The advancement and
present limitations of fast detectors,
digital photon counting through to
the application of machine learning
for signal processing, data analysis and
optimized readout algorithms were
discussed.

Future development of high energy
resolution detectors and reaching
beyond the 100 micrometer scale, and
visualization of in vivo multiple drug
delivery system to boost survival rates
is underway at Kavli IPMU. Energy
resolution is essential for multi-probe
visualization, and particularly for
imaging the alpha-emitting cancer
therapy isotope Astatine-211 of
which there is active collaboration
between Kavli IPMU and the National
Cancer Center at Kashiwanoha, Japan
where experiments for detecting

* T Matsuda et al., Research Group of
Population-Based Cancer Registries of Japan.
Population-based survival of cancer patients
diagnosed between 1993 and 1999 in Japan:
a chronological and international comparative
study. Japanese Journal of Clinical Oncology
2011; 41: 40-51.



Astatine-211 are currently being
performed.

It will likely require new benchmarks
of human ingenuity to overcome the
unique hurdles facing cancer research.
An obvious catalyst for ingenuity is

The participants of the inaugural workshop titled “Interdisciplinary approach of applying cutting-edge technologies at the frontier of cancer research” to discuss
urgent issues in modern cancer research and to report on the latest developments of cutting-edge technologies used for clinical applications.

to bring together interdisciplinary
researchers from across the World to
create new and novel imaging devices
to detect the radio pharmaceuticals
and just as importantly to also
understand what we are seeing.

With that in mind, the organizing
committee is pleased to announce
that the “INTERdisciplinary Approach
to Cancer Treatment (INTERACT)" will
be held annually, with the next event
being held in France in 2020.
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Hitoshi Murayama Named
University Professor
On March 27,
2019, the University
of Tokyo announced
that Kavli IPMU
Principal Investigator
Hitoshi Murayama
had been given the
new title of University Professor. The
university established this new title
to recognize important individuals
within the institution who are making
significant contributions to his or her
academic field internationally, and
who are continuing to lead research
activities that will contribute to
further developments in their field
in the future. Murayama is one of
four academics to be given this title,
which took effect from April 1.

Hitoshi Murayama

Masami Ouchi Awarded 15th
JSPS Prize and Japan Academy
Medal

Masami Ouchi,
University of
Tokyo Institute
for Cosmic Ray
Research Associate
Professor and Kavli
IPMU Scientist,
was awarded the 15th JSPS (Japan
Society for the Promotion of Science)
Award and the 15th Japan Academy
Medal in recognition of his work

Masami Ouchi
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“Observational Studies of the Early
Universe with Ly a Emitters.” An
award ceremony was held at The
Japan Academy on February 7, 2019.

The JSPS Prize recognizes young
researchers with fresh ideas, who
have the potential to become world
leaders in their field. The purpose of
the Japan Academy Medal is to honor
outstanding young researchers. Up to
six awardees (6 researchers this year)
are selected every year from among
the annual winners of the JSPS Prize
(25 researchers this year).

Masamune Oguri Awarded This
Year's Hayashi Chushiro Prize

Masamune Oguri,
the University of
Tokyo Research
Center for the Early
Universe Assistant
Professor and Kavli
IPMU Associate
Scientist, has been awarded the fiscal
year 2018 Hayashi Chushiro Prize.

The prize recognizes researchers
who have made significant
contributions to planetary science,
astronomy, or astrophysics, and
has been awarded since 1996
by the Astronomical Society of
Japan. The prize itself was made
to commemorate the lifetime
achievements of outstanding
Japanese theoretical astrophysicist
Chushiro Hayashi.

Oguri has been recognized for
his contribution to the fundamental
understanding of gravitational lensing
in astronomy. He has for a long time
studied gravitational lensing from a
theoretical and observational point-
of-view, which has provided valuable
insight into studies in cosmology and
astronomy.

e

Masamune Oguri
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Belle Il Experiment Starts Taking
Data

Kavli IPMU is participating in the
Belle Il experiment hosted by KEK. It
is an asymmetric electron-positron
colliding beam experiment aiming to
find new physics beyond the standard
model. On March 11, 2019, it was
announced the “SuperKEKB” project
had started “phase 3,” which meant
taking and analyzing real electron-
positron collision data.

The SuperKEKB project has
involved two major ingredients. One
is upgrading the asymmetric electron-
positron colliding-beam accelerator
KEKB, which was in operation
between 1999 and 2010 and broke
the world record for electron-positron
collision frequency (called luminosity),
to the SuperKEKB accelerator.

The new accelerator has 40 times
higher design luminosity than its
predecessor. The other is a new
detector called Belle Il, placed around
the collision point. The project has
been moving towards completion,
achieving several milestones on

the way, which have been called
phases 1,2, and 3. In phase 1, the
SuperKEKB accelerator had its first
successful test run in February 2017.
For phase 2, researchers successfully
installed components, including the
Belle Il detector, into the accelerator.
They carried out an electron-positron
collision in March 2018 and observed
the first collision event by the Belle I
detector in April that year. Then, the
BEAST (a dedicated detector system
for machine commissioning) in the
heart of the Belle Il detector was
replaced with the VerteX Detector
(VXD), inching the project towards
taking its first real data in the phase
3 period.
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The Belle Il detector (Credit : Rey.Hori/KEK).

The VXD is particularly important
because it will analyze the particles
and anti-particles in detail, looking
for differences in behavior. If an
undiscovered particle such as dark
matter does exist, it is likely the VXD
would play an important role in its
discovery. Such a finding would open
a new world of physics. Kavli IPMU
researchers had finished constructing
and commissioning a part of the
Silicon Vertex Detector (SVD), which
resides inside the VXD, in May last year
(see Kavli IPMU News No. 42, p. 17).
The researchers will continue to
contribute to the project, analyzing
the new data that is about to come in,
and hopefully uncover a new branch
of physics.

Kavli IPMU / ELSI / IRCN 4th Joint
Public Lecture: “A Question of
Origins”
On January 20, 2019, the 4th

Public Lecture series “A Question of
Origins” was held at the Miraikan in
Odaiba, Tokyo. The first three events
of this public lecture series had been
jointly hosted by the two WPI centers
Kavli IPMU and the Tokyo Institute

of Technology's Earth-Life Science
Institute (ELSI). This year, the University
of Tokyo's International Research
Center for Neurointelligence (IRCN),

a new WPI center selected in 2017,
joined as a co-hosting institute. Kavli
IPMU, ELSI, and IRCN respectively
pursue the origin of the Universe, the
origin of the Earth and life, and the
origin of human intelligence. These

three WPI centers planned this public
lecture as an event to convey the
latest findings of their research in an
easy-to-understand way, as well as to
offer a diverse range of perspectives
under a common theme “A Question
of Origins,” which is fundamental to
mankind.

After an opening address by WPI
Program Director Akira Ukawa, ELSI
Project Associate Professor Yutetsu
Kuruma talked about “understanding
the origin of life by an artificial cell
synthesis,” IRCN Principal Investigator
Kuniyoshi Sakai talked about “the
origin of human intelligence,” and
Kavli IPMU Principal Investigator Hiraku
Nakajima talked about “a geometrical
approach to the origin of the universe.”

Kavli IPMU Principal Investigator Hiraku Nakajima
giving a talk.

After the lectures, the three
speakers took part in a round table
discussion entitled “What does it
mean to question origins?” which was
moderated by Yukihiro Nobuhara,
Professor of the Graduate School of
Arts and Sciences, the University of
Tokyo, who specializes in philosophy
of mind. Finally, there was a discussion

between the lecturers and the
audience, and the event ended
successfully.

Round-table discussion. From left to right: Yukihiro
Nobuhara, Yutetsu Kuruma, Kuniyoshi Sakai, and
Hiraku Nakajima.

AAAS 2019 Annual Meeting in
Washington D.C.

The American Association for the
Advancement of Science (AAAS)
2019 annual meeting was held
at the Marriot Wardman Park in
Washington D.C. from February 14
through 17, 2019. At this AAAS annual
meeting, the Japanese Ministry of
Education, Culture, Sports, Science
and Technology (MEXT), the Japan
Society for the Promotion of Science
(JSPS), and the WPI centers including
the Kavli IPMU jointly hosted the WPI
booth for three days starting February
15 to raise global visibility of the WPI
program, and make the WPI centers
better known by overseas researchers
so that they recognize the WPI centers
as a place to do their research. During
the three days, the WPI booth was
visited by about 120 people, including
researchers, journalists, and students.

Kavli IPMU Seminars

1. “The activation of black holes and
the accretion rates onto them
depend both on gas fraction and
bulge types”

Speaker: Hassen Yesuf (KIAA
Beijing)
Date: Jan 10, 2019

2. “Binary neutron star formation
and the origin of GW170817"
Speaker: Chris Belczynski (Nicolaus
Copernicus Astronomical Center,
Polish Academy of Sciences)
Date: Jan 15, 2019

3. "Melonic supertensor models”
Speaker: Chi-Ming Chang (UC
Davis)

Date: Jan 15, 2019

4. “Compensating strong coupling
with large charge - Part I”
Speaker: Susanne Reffert (U Bern)
Date: Jan 15, 2019

5. “Decaying particles at the MeV
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scale: connection to dark matter,
BBN and the CMB”
Speaker: Sebastian Wild (DESY)
Date: Jan 16, 2019

6. “From Galaxy Zoo to LSST: Citizen
Science and the rise of the
machines”
Speaker: Chris Lintott (U Oxford)
Date: Jan 16, 2019

7. “The progenitors of core-collapse
supernova explosions”
Speaker: Carl Fields (Michigan
State U)
Date: Jan 17,2019

15. “The Restless Universe (How the
Periodic Table Got Built up)”
Speaker: Shri Kulkarni (Caltech)
Date: Jan 24, 2019

16. “Black hole entropy and (0,4)
SCFTs from F-theory”

Speaker: Kilian Mayer (U Utrecht)
Date: Jan 29, 2019

17. “Supersymmetric Super-GUT
Models”

Speaker: Jason Evans (KIAS)
Date: Jan 30, 2019
18. “Recent progress of Volume

invariants of principal series”
Speaker: Changjian Su (U Toronto)
Date: Feb 12, 2019

26. “Challenges for cosmology in the
swampland era”
Speaker: Pablo Soler (Heidelberg U)
Date: Feb 12, 2019

27. “Representations of quivers over
Frobenius algebras”
Speaker: Tamas Hausel (IST Austria)
Date: Feb 12, 2019

28. “Non-standard electroweak phase
transitions in extensions to the

“Compensating strong coupling
with large charge - Part II”
Speaker: Domenico Orlando (INFN)
Date: Jan 17,2019

“An exploratory study of Higgs-
boson pair production at hadron
colliders”

Speaker: Chih-Ting Lu (NCTS
Taiwan)

Date: Jan 17,2019

19.

Conjectures”

Speaker: Qingtao Chen (NYU, Abu
Dhabi)

Date: Jan 31, 2019

“Imprint of double-detonation
mechanism in early light curves for
Type la supernovae”

Speaker: Petr Baklanov (ITEP
Moscow)

Date: Jan 31, 2019

20. “Galaxies and their dark matter

standard model: Monopoles and
Scale invariance”

Speaker: Suntharan Arunasalam
(U Sydney)

Date: Feb 12, 2019

29. “Recent advances in lattice weak

matrix elements for searching new
physics”

Speaker: Amarjit Soni (BNL)

Date: Feb 13, 2019

30. “A stack of broken lines,

10. “Graph neural network for stop halos, an observer's perspective” associativity, and Morse theory of
pair and htt productions at the Speaker: Alessandro Sonnenfeld a point”
LHC" (Leiden U.) Speaker: Hiro Tanaka (MSRI
Speaker: Jin Min Yang (ITP, Beijing) Date: Jan 31, 2019 Berkeley)

14.
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Date: Jan 18, 2019

. “Classifying 5d SCFTs using Calabi-

Yau 3-folds”

Speaker: Patrick Jefferson
(Harvard U)

Date: Jan 22, 2019

. “The derived Riemann-Hilbert

correspondence”
Speaker: Mauro Porta
(U Strasbourg)

Date: Jan 22, 2019

. “Partially Composite

Supersymmetry”
Speaker: Tony Gherghetta
(U Minnesota)
Date: Jan 23, 2019
“The Swampland Conjectures and
some Physics Implications”
Speaker: Luis Ibanez (UAM)
Date: Jan 24, 2019

21.

“The epoch of reionization with
the Prime Focus Spectograph”
Speaker: Sune Toft (DAWN,
Copenhagen)

Date: Feb 01, 2019

22. “Highest weight categories and
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exact categories’

Speaker: Agnieszka Bodzenta

(U Warsaw)

Date: Feb 01, 2019
. “Limit on the Axion Decay
Constant from the Cooling Neutron
Star in Cassiopeia A"

Speaker: Jiaming Zheng (U Tokyo)
Date: Feb 06, 2019

24. “Precision Cosmology from
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Gravitationally Lensed Supernovae”
Speaker: Peter Nugent (LBNL)
Date: Feb 07, 2019

. “Motivic Chern classes and Iwahori

Kavli IPMU News No.45 March 2019

31.

Date: Feb 14, 2019
“Leptogenesis via Neutrino
Oscillation”

Speaker: Yuta Hamada (Crete
center for theoretical physics,
U Crete)

Date: Feb 15, 2019

32. “Studying QCD modeling of

uncertainties in photon spectra
from dark matter annihilation”
Speaker: Adil Jueid (Shanghai Key
Laboratory for Particle Physics and
Cosmology, Shanghai Jiao Tong U)
Date: Feb 15, 2019

33. “Schrédinger, Klein-Gordon and

Dirac equations, atomic wave
functions and operator product
expansion”

Speaker: Yu Jia (IHEP, Beijing)
Date: Feb 18, 2019



34. “Fundamental physics with multi-
messenger cosmology”
Speaker: Alvise Raccanelli (CERN)
Date: Feb 18, 2019

35. “The fundamental plane
for Gamma-Ray Burst X-ray
afterglows”
Speaker: Maria Dainotti
(Jagiellonian U / Stanford U)
Date: Feb 19, 2019

36. “Towards new science with LSST:
Tools and techniques for mining
large datasets”
Speaker: Mario Juric
(U Washington)
Date: Feb 21, 2019

37. "Intrinsic Mirror Symmetry"
Speaker: Mark Gross (U Cambridge)
Date: Feb 25, 2019

38. “Flux compactifications and the
hierarchy problem”
Speaker: Wilfried Buchmuller
(DESY)
Date: Feb 25, 2019

39. “Towards a 5-sigma constraint on
the sum of the neutrino masses”
Speaker: Francisco A. V. Navarro
(Center for Computational
Astrophysics, Flatiron Inst)
Date: Feb 25, 2019

40. “Holographic Complexity in the
Jackiw-Teitelboim Gravity”
Speaker: Kanato Goto (U Tokyo)
Date: Feb 26, 2019

41. "Mimetic Gravity: Pros and Cons”
Speaker: Mohammad Ali Goriji
(Inst for Research in Fundamental
Sciences)
Date: Feb 26, 2019

42. “Tabletop experiments using light
and atom”
Speaker: Shoji Asai (U Tokyo)
Date: Feb 27,2019

43. “Firewalls in General Relativity”
Speaker: Surjeet Rajendran (UC
Berkeley)
Date: Feb 28, 2019

44. “Broad composite resoance and

its signals at the LHC”
Speaker: Ke-Pan Xie (Seoul
National U)
Date: Mar 01, 2019

45. “Integrated approach to
cosmology”
Speaker: Andrina Nicola
(Princeton U)
Date: Mar 01, 2019

46. “Equivalent Calabi-Yau manifolds
via GLSM”
Speaker: Michal Kapustka (Inst of
Mathematics, Warsaw)
Date: Mar 05, 2019

47. "Black hole entropy, hyperbolic
3-manifold and anlaytic torsion”
Speaker: Dongmin Gang (Seoul
National U)
Date: Mar 05, 2019

continued on page 26 —

Personnel Changes

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 Professor Tsutom
Yanagida [October 1, 2007 — March
31,2017 as an IPMU/Kavli IPMU
Principal Investigator and April 1
2009 — March 31,2019 as an IPMU/
Kavli IPMU Professor] moved to
Shanghai Jiao Tong University as a
Distinguished Chair Professor.

Kavli IPMU postdoctoral fellow
Chengcheng Han [September 16,
2015 — March 31, 2019] moved
to Nanjing Normal University as a
postdoctoral fellow.

Kavli IPMU postdoctoral fellow
Akishi Ikeda [April 1, 2015 — March
31,2019] moved to Osaka University
as a Specially Appointed Associate
Professor (Part time).

Kavli IPMU postdoctoral fellow
Shigeki Inoue [April 1, 2016 — March
31, 2019] moved to NAOJ as a

project researcher.
Kavli IPMU postdoctoral fellow
Miho Ishigaki [April 01,2013
— August 31, 2015 as a JSPS
postdoctoral fellow, and then —
January 31, 2019 as a Kavli IPMU
postdoctoral fellow] moved to Tohoku
University as a project researcher.
Kavli IPMU postdoctoral fellow
Michihisa Takeuchi [October 1, 2014
— March 31, 2019] moved to the
center for Theoretical Studies, Nagoya
University as an Associate Professor.
JSPS postdoctoral fellow
Naonori Sugiyama [November 1,
2014 — March 31, 2016 as a Kavli
IPMU postdoctoral fellow, and
then — March 31,2019 as a JSPS
postdoctoral fellow] moved to NAOJ
as a Project Assistant Professor (NAQO)
Fellow).

Editor's Note

As announced on page 3, this is
the last issue of Kavli IPMU News.
The editor thanks all the readers
of this magazine. Since the launch
of IPMU, many administrative
members contributed in publishing
IPMU News / Kavli IPMU News. |
would particularly like to thank
Rika Tanaka and Miyuki Onuki, who
served as assistant editors during
certain periods, Fusae Miyazoe,
Tomomi Hijikata, Marina Komori, and
Motoko Kakubayashi, who served
as members of the public relations
team, Aya Tsuboi, who uploaded the
magazine online, Yuuko Enomoto,
Midori Ozawa, Akiko Fujita, and
Rieko Tamura, who provided various
information, and Kayoko Kubota,
Ayako Nakada, Mika Miura, and
Shoko Ichikawa, who managed the list
of mailing addresses for IPMU News /
Kavli IPMU News.

Editor: Kenzo Nakamura
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Black Hole Shadow
Shiro lkeda

Professor, The Institute of Statistical Mathematics, The Research Organization of Information and Systems,
and Kavli IPMU Visiting Senior Scientist

On 10 April 2019, in six coordinated press conferences around the world, an
image of a black hole shadow was released as the first result of the Event
Horizon Telescope. | have been involved in the project for around six years and
am proud of this result.

The project was challenging not only for astronomy but also for data science.
We needed new imaging methods for this very-long-baseline interferometer and
that is why some data scientists, including me, have been involved in the project.

As was the case for the EHT, data science will become more important in
astronomy and physics. | hope | can make a good contribution to IPMU as a data
scientist.

Ths Fvelt Horizon Teliscrpe. Colloborstion
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Interdisciplinary Approach to Cancer Therapy
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