World Premier International Research Center Initiative
R TLRIVARART AT T4

Kavli Institute for the Physics and Mathematics of the Universe

H7VEYEREFE RS

Tltas The University of Tokyo Institutes for Advanced Study
RRARFERSEHERT

NEW
Flavors of Geometry Motivated by Mathematics and Physics



Kavli IPMU NEWS CONTENTS

English

3 Director’s Corner Hitoshi Murayama

Japanese

25

Director’s Corner #wLU %

Hitoshi Murayama at Work N
4  Feature 26 Feature ,
Flavors of Geometry Motivated by Mathematics and Physics HR2EYIBR TR BB SN AZ DR
Mikhail Kapranov SN ATZ)T
1 Our Team Yukari Ito 33 Our Team Pk REE
Tom Melia bLs- X7
Hillary Child eZ— - FvAILE
Chang-Tse Hsieh @ RE
Frederick Takayuki Matsuda TLRUyy dha%x -y
Benjamin Quilain RyIvIv-F—Jv
14 Research Report 36 Research Report
Progress in Neutrino Oscillation Za— I/ IREMF R D ER
New Results of the T2K Experiment and Status of the Hyper-Kamiokande Project TKERORHER, ZLUNNR—HIF AV TEE
Atsuko K. Ichikawa Ml RF
Tsuyoshi Nakaya FhER Al
18 Workshop Report 40 Workshop Report
Stellar Evolution, Supernova and Stellar Evolution, Supernova and
Nucleosynthesis Across Cosmic Time Nucleosynthesis Across Cosmic Time
Keiichi Maeda A1 B&—
Chiaki Kobayashi IR TE
20 News 42 News
24 Kilonova Masaomi Tanaka 44 FO/N e e

Mikhail Kapranov is a Professor and a Principal Investigator at the
Kavli IPMU. He has contributed to several areas of mathematics
including algebra (Koszul duality for operads), algebraic geometry
(discriminants, secondary polytopes, hypergeometric functions), and
category theory (semiorthogonal decompositions, Serre functors). After
having received his Ph.D. from Steklov Institute in Moscow in 1988, he
was a Scientific Associate there, and subsequently has been a Professor
at Northwestern University, University of Toronto, and Yale University
before joining the Kavli IPMU in 2014. He has been serving as a Kavli
IPMU Principal Investigator since April, 2017.
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Director’s Corner

Hitoshi Murayama at Work

Hitoshi Murayama

July 20: Kavli IPMU Director Hitoshi Murayama (left) and Mainz Institute
for Theoretical Physics (MITP) Director Matthias Neubert (right) signed
Agreement for Cooperation between the Kavli IPMU and the MITP.

July 21: MEXT Research Promotion Bureau Director-General Yasunao Seki (left)
visited the Kavli IPMU. (Right) Masaki Oshikawa, University of Tokyo's Institute
for Solid State Physics Professor and Kavli IPMU Senior Scientist (see p. 20).

August 19: Lecture delivered at 2017 Collaborative Knowledge Creation Practical
Learning Course, cohosted by the Kavli IPMU and the University of Tokyo

Center for Research and Development on Transition from Secondary to Higher
Education, Division for Cross-Stage Education and Assessment, CoREF (see p. 22).

August 21: Officers from MEXT's Research Promotion Bureau, the Basic
Research Promotion Division visited the Kavli IPMU. (Right) Ryuuma Oohora,
Drector of the Office for the Promotion of Basic Research. (Left) Yuuki Shigeta,
Unit Chief (see p. 20).

Director’s
Corner

September 1: Appointment of Kavli IPMU Professor Yukari Ito (right). September 15: MEXT Vice minister Kazuo Todani (left) visited the Kavli IPMU

(see p. 20).



FEATURE

Mikhail Kapranov

Kavli IPMU Principal Investigator
Research Area: Mathematics

Flavors of Geometry Motivated by Mathematics

and Physics

Geometry is one of the oldest branches of
mathematics. Its goal is to describe the structure
of space, so it is motivated by our physical
understanding of the space around us. From the
human perspective, geometry is dominated by
the visual sense, the source of so-called geometric
intuition, which allows us to see the connections
between parts of an image before formally
describing them. It is our everyday experience of
seeing everyday things around us that forms the basis
of our assumptions about what geometry should be
about.

But modern physics tells us that the structure
of our physical space (or space-time) at very short
distances in not known. Why? Because our visual
sense is based on the eye observing the light
reflected by objects. But light is in fact a wave
phenomenon. So “objects” smaller than the wave
length of the light, are hard to observe precisely in
this way. Trying to increase the the resolution, so to
say, involves bombarding the object with quanta of
light (or with other particles) with higher and higher
energies. Since our ability to produce higher energy
particles is limited, so is our ability to “see” at very
short distances.

So we cannot just assume that at extremely small
ranges our space has the same general structure
as we are used to from everyday life. For example,
it is not a law of nature that it consists of points
which are arranged continuously next to each other,

with well defined distances between them, etc. In
other words, the premises on which we base our
development of geometry must be re-examined.

There have traditionally been several branches of
geometry: differential geometry, algebraic geometry,
topology, combinatorial geometry and so on. But all
these types agreed on certain assumptions (like the
above) on what should we understand by a “space”
in the first place, and differed only in the approaches
they took in studying it: differential calculus, algebraic
equations and so on.

However, in recent decades, there appeared several
new directions of geometry which require a change
in the very way we think about geometric shapes. |
want to discuss some of these directions.

Grothendieck’s scheme theory

Most of new geometric approaches are based on
the theory of schemes developed by A. Grothendieck
in the early 1960’s as a new foundation of algebraic
geometry. The basic idea is that all the information
about a “space” X (whatever we mean by this) must
be encoded by the datum R of functions on X. In
the naive settings R consists of functions on X of
certain kind, i.e., of rules f associating to any point
x of X some numerical value f (x). Such functions
can be added, subtracted and multiplied pointwise.
Mathematically, a system of functions (or other
entities) closed under addition, subtraction and
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multiplication is called a ring. The rings of functions
have one obvious but important property: the
multiplication is commutative:

f-g=g-f

This property turns out to be crucial for the formalism
of algebraic geometry to work.

For example, if X is the n-dimensional coordinate
space, then the corresponding R consists of
polynomials in n variables, expressions like

f(x.y)=2x+3y+ 16Xy + X"y

(here n = 2). If X'is given by a polynomial equation,
then the corresponding R is obtained from the
polynomial ring by a natural identification: we
“identify” (consider as one) any two polynomials 7. g
whose difference is a multiple of the equation, and
similarly for the case of several equations. One refers
to X as the spectrum of R and writes X = Spec(R).

The word “spectrum” comes from spectral theory
of linear operators (i.e., the theory of eigenvalues),
an area that was heavily influenced by the needs of
quantum physics. So this is an example of implicit
influence of physics on mathematics.

The important (and initially controversial) step
in Grothendieck’s theory is that one can associate
the geometric image (scheme) Spec (R) to any
commutative ring R whatsoever. An important non-
classical example is given by the ring of dual numbers
D. An element of this ring is an expression a + be;
such expressions are multiplied formally using the

Figure 1: A non-classical space given by the equation &* = 0.

rule & = 0. So &’ = 0 is the equation in this case.
How is it different from & = 07 Naively, D cannot

be realized as the set of functions on anything,
because there is no number other than 0 which
squares to 0. Nevertheless, the scheme Spec (D) has
a meaningful geometric interpretation: it is viewed as
having one point (where ¢ = 0) and also having the
tangent direction at this point, but no further data,
see Fig. 1. In a way, this is a revival of the old idea
of “infinitesimally small quantities”: ¢ itself is not yet
zero, but is “so small” that &” is already negligible.
One can also consider infinitesimals & such that &

#+ 0 but some higher power of & vanishes. Rings
containing such infinitesimals (called nilpotents) are
visualized as corresponding to infinitesimally thin
neighborhoods of more classical geometric images
(curves et cetera).

Noncommutative geometry

The spectacular success of “visualization of
commutative rings” given by scheme theory led to
repeated attempts to extend it to noncommutative
rings, algebraic structures in which the multiplication
canleadtof-g # g -f.

A non-mathematician may wonder: what is the
importance of such structures? do they really appear
“in real life”? In fact, it was the advent of quantum
mechanics which brought noncommutative rings
into the forefront of physics. Usual physical quantities
are promoted, in quantum mechanics, to non-
commuting “operators”. A typical commutation
relation is p-g — g-p = ih between the operators
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Figure 2: A noncommutative monomial represented by a path.

corresponding to the coordinate and momentum of
a particle. There are many other examples in pure
mathematics, such as multiplication of matrices, or
composing transformations, i.e., operations of some
kind. In fact, if we do any actions in a sequence, the
result usually depends on the order. To put on a shirt
and then a jacket is not the same as to first put on a
jacket and then a shirt!

A good illustration of the challenges presented
by noncommutativity is provided by the concept
of “noncommutative polynomials”. For instance,
consider two variables x, y which do not commute.
Then we have 4 quadratic monomials: X%, xy, yx. y.
all different. If we think of x, y as commuting, then
xy and yx are the same but as noncommutative
monomials they are different. In this way, a single
commutative monomial can be represented by
several noncommutative ones. For example x°y’
can be lifted to yx’yxy, or to xyx’yxyx, or to several
others. It is convenient to make a picture (known as
Newton'’s diagram) depicting a usual monomial, say
Xy’ by a point on the plane with coordinates
(5, 3). Then a noncommutative lifting of this
monomial corresponds to a “taxicab path” (like in
a city with a grid of street blocks) starting from (0,
0) and ending at (5, 3). That is, one move to the
east corresponds to x and one move to the north
corresponds to y, see Fig. 2.

Thus a noncommutative polynomial is really a

sum over such paths. Making x and y commute
means that we perform summation over paths

with fixed beginning and end. This means that
“commutativization” (forcing noncommutative rings
to be commutative) can be seen as an algebraic
analog of path integration which is the fundamental
conceptual tool of modern physics.

One way of attaching geometric intuition to
noncommutative rings is to use the concept of a
vector bundle in geometry, i.e., a continuous family
of vector spaces parametrized by a space X. For
example, the Moebius strip (Fig.3) is a vector bundle
over its central (black) circle: a family of “vertical”
lines parametrized by it. If X corresponds to a ring R,
then a vector bundle on X gives rise to an algebraic
object M called a module over R, where we can
multiply elements r of R and m of M and get an
elementm =r-mof M.

Attaching geometric intuition to noncommutative
rings is not only a tool for studying such rings, it
has many applications to more familiar geometric
problems. In many cases, one can approximate a
usual ( “commutative”) but complicated or badly
behaved space, by a much simpler non-commutative
object.

Super-geometry

Still, noncommutative algebraic structures do not
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seem to be capable of fully geometric interpretation.
It is the commutativity property that makes many
essential constructions work.

An alternative approach is to look for properties
“similar to commutativity” which act as similar but
different keys to the realm of geometry. One of such
properties is graded, or super-commutativity, which
leads to super-geometry.

In this setting we have a ring R having quantities
of two types, even and odd. A general element of R
is represented as a sum of an odd and an even one.
The super-commutativity law (also known as the
Koszul sign law) reads:

() f-g=(=—1)*an d@g. ¢

where f and g are either even or odd. The quantity
deg(f) is equal to 0 for feven and 1 for f odd. In
other words, we have f- g =g - f when at least one
of f,gisevenand f- g = —g - f when both are odd.

So a super-commutative ring is not commutative
in the usual sense. Nevertheless, the experience of
mathematicians has been that super-commutativity
unlocks all the geometric features that can be
associated to usual commutative rings. For example,
one can speak about super-manifolds, objects which
have usual (even, commuting) coordinates together
with odd, anti-commuting coordinates.

The super-commutative law is just one of an

Figure 3: The Moebius strip' and the multiplication in a module.

*! Picture source: pgfplots.

elaborate system of sign rules in this kind of algebra
(sometimes called super-algebra). The remarkable
fact is that these rules are non-contradictory: various
transformations incur various sign changes but it
never happens that doing something in two different
ways results in different signs (that would destroy the
whole theory). This almost mystical self-consistency
of the rules adds a lot to the appeal of the theory.
But perhaps the real reason the things do not
collapse is the physical origins of super-algebra.

It is known in physics that elementary particles fall
into two types: bosons and fermions. The difference
is that more than one fermion cannot be in the same
guantum state (this is known as the Pauli exclusion
principle), while for bosons it is possible. For example,
electron and proton are fermions, while photon (the
guantum of light) is a boson. At a more mathematical
level, the state vector of a system of several fermions
changes sign under permuting any two of them,
in a way remindful of (1). This fermionic nature of
electrons is at the basis of the structure of atoms and
chemical elements, and so is fundamental for the
existence of the universe as we know it.

The idea of super-geometry was first suggested
by F. Berezin in the late 1960s. He had a clear
physical motivation: to create geometry that would
account for the behavior of fermionic particles.

This was included into a large program of so-called
supersymmetry, i.e., symmetry between bosonic and
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Figure 4: Homologous and non-homologous cycles.

fermionic particles. Most importantly, these ideas
turned out to be extremely fruitful in string theory.
The = signs that appear in super-algebra, far from
being an annoyance, ended up serving a crucial
purpose: they make answers provided by physical
theories more manageable (free from obvious
infinities). That is, individual terms in the calculations
end up being very large but because of summation
with = signs the end results appear finite, something
that would not happen without super-algebra.

Modern super-geometry serves as a geometric
language underlying superstring theory. Especially,
super-analogs of algebraic curves and of their moduli
spaces provide a mathematically solid background for
many aspects of the theory.

Interlude: Homological algebra

Every mathematical object is, at least formally,
a set, a collection of simpler entities of some kind
called elements. Thus, a circle “is” the set (collection)
of its points, a ring is the set of the functions that
form it etc. This approach is still the mainstream of
mathematical reasoning. A mathematician usually
does not understand a construction unless it is
formulated in such terms.

Now, there are two fundamentally different and
dual ways of constructing new sets (mathematical
objects) out of ones we have already.

Homologous

One is by conditions, say describing a circle by the
equation x* + y* = 1.

The other is by parametrization, i.e., by presenting
an exhaustive list of all the data in the collection. For
example, the same circle can be parametrized by x =
cos(a), y = sin(a).

Homological algebra, in a wider sense, is the part
of mathematics that studies the interplay between
these two types of description. Often it is not
possible to give two exactly matching descriptions
of the same object, there is a “gap” between them:
not every element satisfying the conditions is listed.
This gap is formalized in the mathematical concept of
cohomology.

The origins of homological algebra were in
topology, the part of geometry that studies rough
shapes of spaces invariant under deformations. To
understand such structures, one considers cycles,
geometric images with no boundary. Two cycles are
called homologous, if their difference is a boundary.
In such a way one can tell, for example, the difference
between a sphere and a torus: in the torus we can
have 1-dimensional cycles non-homologous to each
other, unlike in the sphere. See Fig. 4. So here the
conditions (vanishing of the boundary) and the lists
(being a boundary) stem from the same geometric
concept.

A mathematical structure allowing for systematic
study of such phenomena (conditions vs. lists) is called
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Tangent approximation

a cochain complex, a vector space V together with

a “differential” (analog of the boundary operator)

d which, applied twice, gives 0. This formalizes the
fundamental geometric property that “the boundary
has no boundary.” In most cases there is also a
grading: vectors are assigned integer degrees.

This type of approach has also slowly gained
ground in physics where it is known as the BRST
quantization (named after physicists C. Becchi, A.
Rouet, R. Stora and I. Tyitin who first introduced it
in the 1970s). In this approach, only the “states”
(vectors) w annihilated by d, are considered physical.
Further, two physical states , ' are considered
equivalent (physically the same!) if their difference is
of the form d(¢). Thus the actual physical meaning
is assigned to the cohomology, i.e,, to the gap! The
full implications of this bold idea are still not fully
understood.

Derived geometry

One can say that geometry teaches us how to
pass from flat (linear) spaces to curved spaces (called
manifolds). A manifold has a flat approximation
associated to each point: the tangent space. A
different choice of the concept of a flat space may be
often upgraded to a curved generalization. The idea
of derived geometry is to match this approach with
that of homological algebra. That is, we consider,

Figure 5: A smooth and a singular space.

as flat models, not linear spaces but complexes as
above.

The motivation for this was originally purely
intrinsic to mathematics. It was known for a long
time that moduli spaces (spaces of parameters of
geometric structures) can be sinqular, i.e., possess
points near which linear approximation breaks down,
like the sharp point of a cone (see Fig. 5). It turns out
that introduction of derived structures allows one
to overcome these difficulties by producing new
objects, which do possess nice linear approximations,
but these approximations are complexes!

However, passing to the derived world drastically
enlarges our supply of geometric objects. Along with
“spaces” in the usual sense (even when understood
as schemes in the sense of Grothendieck) one finds
other types of geometric objects, some known, some
new, which can be roughly classified by the range
of the degrees of their tangent spaces (complexes)
(see Fig. 6 where some of these types and the
corresponding ranges are outlined). Thus, stacks
(whose range comprises (—1) and 0) describe “spaces
with internal symmetry” (similar to gauge symmetry
in physics); most moduli spaces are known to be,
in fact, stacks. Higher stacks describe even more
sophisticated symmetries.

In some intuitive sense, the positive (right-hand)
range corresponds to “geometry in the small”,
where we focus on small details near a complicated
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Figure 6: Panorama of derived geometry.

(singular) point of a geometric object. The negative
(left hand) range corresponds similarly to “geometry
in the large”, where we focus on large scale,
topological properties of spaces. It is remarkable that
these two complementary aspects of geometry find
a natural common framework.

Although somewhat abstract in its origins,
derived geometry has by now found many
remarkable applications in physics. Thus, derived
stacks (objects belonging mostly to the right hand
direction) provide the source of integration cycles in
topological quantum field theories. Derived analogs
of symplectic manifolds (geometric objects at the
basis of Hamiltonian formalism of classical mechanics)
have, in the last few years, emerged as a structure
carried by many moduli spaces.

There is also a strong connection to super-
geometry as the concept of commutativity in the
derived world also involves the super sign rule (1).

In fact, the sign system underlying (1) (such
structures are called Picard groupoids) can be

given a purely topological interpretation, in terms

of the classification of mappings between higher-
dimensional spheres (so-called stable homotopy
groups). The degrees deg (f) (assumed integer)
correspond to the integer invariant of maps between
spheres of the same dimension, also known as the
degree. The two signs = corresponds to two types

of maps between spheres of dimension n+1 and n,
where n = 3 or more.

Conclusion

These are just a few examples of new geometric
technigues that mathematicians use. Which type of
geometry describes “the real world”? Which other
types may be necessary for such description? So
far, we do not know. The concept of space-time at
extremely small distances may not even make sense
as such, and some grainier, more chaotic quantum
structure may replace it. But to be able to even talk
about such things meaningfully, we need bridges
connecting them to our geometric intuition and to
our human patterns of thought. It is likely our lack of
imagination of what kinds of geometry are possible
that prevents us from asking the right questions.

To me, the fascinating power of super-geometry
and the physical promise of supersymmetry suggest
that commutativity in some even higher sense may
open the doors to new geometric worlds relevant to
physics. In particular, | think that structures related
to stable homotopy groups of spheres, a classical
subject of algebraic topology, may provide a guide to
such new worlds.

Kavli IPMU News No.39 September 2017



Our Team

YU ka ri |t0 Research Field: Mathematics

Kavli IPMU Professor

My original research area is algebraic geometry and
| have studied quotient singularities and the resolution.
When | started to learn algebraic geometry, | came
across an amazing problem on singularities from
superstring theory. It implies a generalization of
two-dimensional McKay correspondence. | studied
several ways to construct crepant resolutions of
quotient singularities for three-dimensional McKay
correspondence. The McKay correspondence is now
generalized to a higher dimensional case in terms of
derived categories. However, there are two problems:
most results hold only for abelian finite subgroups.
Moreover, they need a crepant resolution. To show
the existence of a crepant resolution is difficult in
general, but | believe there is a way, and non-abelian
cases may bring us new mathematics. | would like
to expand my mathematical world at the Kavli IPMU
with many other mathematicians and physicists.

Our Team



Tom Mella Research Field: Theoretical Physics

Kavli IPMU Assistant Professor

| am currently interested in exploring particle
phenomenology in two main areas. The first is in
devising novel analyses at the LHC or future colliders
to search for beyond the (or interesting ‘within the’)
standard model physics. The second is the effort
to directly detect dark matter, where in particular |
have been thinking about designing new small-scale
experiments with low energy thresholds.

| am also interested in uncovering — and putting
to use — new mathematical structures in quantum
field theory. Conformal representation theory,
commutative algebra, and cohomology have proven
important in organizing the way we think about real-
world effective QFTs. Standard model scattering
amplitudes harbour hidden symmetries. | am
interested in developing these ideas further.

Hi”ary Child Research Field: Astronomy

Postdoc

Much of my research focuses on the shape
and evolution of dark matter halos. | measure the
concentrations of simulated halos to better determine
the redshift dependence of the concentration-mass
relation, which is sensitive to cosmological parameters,
and to better understand how the shapes of halos
change as they grow. During my six months at Kavli
IPMU, | will also be working on using the bispectrum
to improve measurements of the baryon acoustic
oscillation length scale.
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Chang-Tse Hsieh

Postdoc

| am broadly interested in theoretical physics.

Specifically, my research interests lie on high energy
and condensed matter theories, and in particular, the
interplay between them. My past research has been
devoted to the classification of topological phases

of matter, wherein | applied some theoretical tools,
such as K-theory in algebraic topology and anomalies
in quantum field theory and string theory, to study
the universal properties of these exotic states when

Frederick Takayuki Matsuda

Postdoc

My research interest is Cosmic Microwave
Background (CMB) polarization observation
experimentation. The CMB polarization B-mode signal
contains rich information related to the mechanism of
inflation and massive neutrinos in the early universe.
| primarily work on instrumentation for CMB ground-
based experiments such as the Simons Array and
the Simons Observatory. | research telescope optical

Benjamin Quilain

Postdoc

The matter and antimatter asymmetry observed
so far in the baryon sector is too small to explain
coherently the predominance of matter in our universe
with a realistic inflation scenario. | have focused on
searching this asymmetry in the lepton sector, through
neutrino oscillation at the T2K and Super-Kamiokande
experiments. After having observed the appearance
of electron neutrinos in @ muon neutrino beam, we
have recently shown hints that antineutrino may

Research Field: Theoretical Physics

considering symmetry and interaction effects.
Currently, | would like to have more understanding
about topological phenomena and entanglement in
guantum systems and also explore the fundamental
physics behind them.

Research Field: Cosmology

design and optical simulation analysis. | optimize the
optics of these telescopes in order to obtain high
sensitivity and throughput across all observation
frequencies of interest.

Research Field: Experimental physics

oscillate differently. Through the construction of a new
detector to decrease systematic uncertainty and T2K-
Super-Kamiokande combined analysis, | aim to provide
evidence of this asymmetry.

Our Team



Research Report

Progress in Neutrino Oscillation
New Results of the T2K Experiment and Status of the Hyper-Kamiokande Project

Atsuko K. Ichikawa

Associate Professor, Graduate School of Science, Kyoto University

Tsuyoshi Nakaya

Professor, Graduate School of Science, Kyoto University,
and Kavli IPMU Visiting Senior Scientist

1. Introduction

There were two major achievements in the field
of neutrino oscillation in the summer of 2017. The
T2K experiment released a new result showing that
the symmetry between matter and antimatter (CP
symmetry) may be violated in neutrino oscillation
with a 95% (20) confidence level. The Hyper-
Kamiokande project, which is the successor to
the Super-Kamiokande experiment, was chosen
for inclusion in the Ministry of Education, Culture,
Sports, Science and Technology (MEXT) Large Project
Roadmap. This is a major milestone for the realization
of the project. These achievements are reported in
this article.

2. New results from the T2K
experiment

2.1 Accelerator-based neutrino oscillation
experiment and CP-violation

Neutrino oscillation was discovered through the
observation of atmospheric neutrinos and solar
neutrinos and is a phenomenon in which neutrinos
change (oscillate) their types. There are three types
of neutrino: electron neutrino, muon neutrino, and
tau neutrino. Neutrino oscillation consists of beats of
guantum waves. It occurs when each type of neutrino
is made of three different waves (wave functions)
corresponding to three different masses and those

waves interfere. Interestingly, the beats can be
different for particle and antiparticle when the three
guantum waves interfere and CP symmetry is broken.
This kind of CP-symmetry breaking has not yet been
observed in neutrino oscillation, and the parameter
of the CP-phase, which represents the magnitude of
CP-violation, has not yet been measured. To study
the CP-violation effect, it is necessary to measure
appearance, that is, to which type the neutrino has
changed as a result of oscillation. In practice, this

is possible only by conducting experiments using

an accelerator-produced neutrino beam. The well-
controlled neutrino type, energy, and flight length of
the beam from accelerators enable the measurement
of rare appearance events.

2.2 T2K (Tokai-to-Kamioka) experiment

The T2K experiment observes accelerator-produced
neutrinos at a detector 295 km away. Either a
muon-neutrino beam or a muon-antineutrino beam
is produced with the J-PARC proton accelerator
complex at Tokai village in Ibaraki prefecture. The
neutrino detector, Super-Kamiokande, is located at
Kamioka in Hida city, Gifu prefecture. By comparing
the rate of change of muon neutrinos to electron
neutrinos and that of muon antineutrinos to electron
antineutrinos, the experiment probes CP-violation.
If CP-symmetry is violated, these rates are different.
The value of CP-phase can also be determined by
comparing them with the predictions made by
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electron neutrino

electron antineutrino

Figure 1: Observed energy spectra for electron neutrino (top) and electron antineutrino (bottom).
The red line is the expectation in case CP-phase is equal to zero

assuming CP-phase is 0 (which corresponds to the
case in which CP-symmetry is conserved). Since
the interaction rate of antineutrinos with matter is
about one third of that of neutrinos, observation of
oscillation is quicker with the neutrino beam.

T2K started data taking with the neutrino beam
in 2010 and observed electron neutrino appearance
with a 7o confidence level in 2013. After that, data
taking with antineutrino beams continued until
the middle of 2016. The result then showed weak
indication of CP-violation. From October 2016 to April
2017, data was accumulated with the neutrino beam.
Thanks to the accelerator intensity increase from 250
kW up to 480 kW, the data for the neutrino beam
doubled in the past year.

2.3 Hint of CP violation?

T2K also succeeded in improving the method of
analysis; electron neutrino events are selected 30%
more efficiently compared to the previous analysis,
mainly by increasing the volume usable for analysis
inside the detector. By applying the new analysis
to all the data collected to date, T2K observed 89

electron neutrino events. The expectation when CP
symmetry is conserved is 67, so the observation is
larger than this prediction. On the other hand, the
expected number of electron antineutrinos in the
case of CP-conservation is 9 while the observed
number is 7, smaller than expected. Figure 1 shows
the energy spectra for electron neutrinos and
electron antineutrinos. An analysis was performed
using this observation, together with the observations
of muon neutrinos and antineutrinos in the T2K
experiment, and results of the measurements of
reactor neutrinos and solar neutrinos to obtain the
value of CP-phase. The value which reproduces the
observations best was found to be -105 degrees. The
statistically allowed region with 95% probability is
from -171 degrees to -70 degrees. This means that
the CP conserving case is excluded at a 95% (20)
confidence level. The T2K experiment will further
increase the data, aiming to confirm CP-violation at a
3o confidence level in the case that CP is significantly
violated. From this autumn, the experiment will
collect data with the antineutrino beam.

Research
Report



3. Status of Hyper-Kamiokande
project

The Hyper-Kamiokande project is to build a large
water Cherenkov detector of 260,000 tons of water
(190,000 tons of fiducial volume) in Kamioka to
advance neutrino research and to explore proton
decay as evidence for the Grand Unification Theory
(GUT) with the world’s best sensitivity. The effective
volume of Hyper-Kamiokande is roughly 10 times
larger than that of Super-Kamiokande. The project
was selected in the “Japanese Master Plan of Large
Research Projects (Master Plan 2017)" by the Science
Council of Japan (SCJ). Recently, it was also chosen
for inclusion in the MEXT Large Project Roadmap
2017. This is a major and necessary milestone toward
the approval of the project.

3.1 Goals of the Hyper-Kamiokande
experiment

This summer, T2K showed a hint of CP violation in
neutrinos with 2o significance. In order to establish
CP violation, measurement with more than 5¢
significance is expected in the Hyper-Kamiokande
experiment. In addition, observation of atmospheric
neutrino oscillations inside the Earth could determine
the mass ordering of neutrinos. Furthermore,
precise measurements of neutrino oscillations in
Hyper-Kamiokande will explore the possibility that
neutrinos beyond the known three flavors may
exist. Observation of solar neutrinos will provide
important information of neutrino oscillation inside
the sun. If we observe supernova neutrinos from an
explosion occurring in our galaxy, we can expect
to obtain important information on the explosion
mechanism of supernovae. Due to the size of Hyper-
Kamiokande, it is possible to search for a burst
of supernova neutrinos coming from as far away
as the Andromeda galaxy. If we can measure the
diffuse flux of neutrinos existing in our universe
from past supernova explosions, we can explore the
evolutionary history of the universe.

In addition to these neutrino investigations, an

important goal of Hyper-Kamiokande is to search for
proton decay, which is one of the most fundamental
questions in particle physics and predicted by GUT.
Although proton decay has not yet been found

in Super-Kamiokande, most elementary particle
physicists believe in GUT. Hyper-Kamiokande will
search for proton decay with a sensitivity more than
10 times better than the current best thanks to the
large volume.

With the Hyper-Kamiokande project, we can
provide answers to unsolved problems in neutrinos;
advance neutrino astronomy; and have a good
chance to discover the evidence for GUT, which is a
dream of particle physicists. It really is a unique and
powerful project.

3.2 Hyper-Kamiokande detector

A sketch of the Hyper-Kamiokande detector is
shown in Figure 2. Approximately 40,000 photo-
sensors are mounted in a tank that contains 260,000
tons of ultrapure water. The detector can measure
Cherenkov light to observe the signals of neutrinos
and proton decay. The photosensors have a diameter
of 50 cm, and the performance is twice as good as
that of Super-Kamiokande for sensitivity to a photon,
time response, and energy resolution. The photo-
sensors cover 40% of the inner surface to detect
faint signals of neutrino interactions and proton
decays.

3.3 Status and prospect of the Hyper-
Kamiokande project

The Hyper-Kamiokande experiment is regarded
as a high-priority project in the communities of
Cosmic Ray Research and High Energy Physics in
Japan. The experimental collaboration consists of
300 scientists from 15 countries all over the world.
The Letter of Intent was published in 2011, and the
Design Report in 2015. At present, the University of
Tokyo is requesting funding from the government.
For funding to be approved, recognition of Hyper-
Kamiokande as an important project by MEXT is
required. It is good news and a major step forward
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that Hyper-Kamiokande has been selected for the
MEXT Roadmap 2017. If the requested budget

is approved in FY 2018, the experiment will start
operation in 2026 after 8 years of construction.

4. Summary

Neutrino research is a field in which Japan has
led the world. In 2017, an important result on CP
violation was announced to the world from the T2K
experiment. Recently, the financial situation of Japan
for basic science has been facing severe difficulties,

but basic science is an investment in the future. Great
progress in basic science is desired for the future

of Japan. Hyper Kamiokande is a long-term project
with 8 years of construction and over 10 years of
operation; it is truly an investment in the future. The
project will give dreams to young researchers in the
near future. In cooperation with the many people
involved in the project, we expect that the Hyper-
Kamiokande project will be realized, and basic
science in Japan will be moving forward even 10 or
20 years from now.

Neutrino beam from Atmospheric Supernova Solar
J-PARC Main Ring neutrinos neutrinos neutrinos
accelerator

Neutrinos

Hyper-Kamiokande detector
10 times larger fiducial volume than
Super-Kamiokande with a factor of
two better photosensitivity

Total mass: 260,000 tons

Fiducial mass: 190,000 tons

Proton decay

New photosensor
a factor of two better
photosensitivity,
40,000 photosensors

Water tank (ultrapure water)
74m in diameter and 60 m in height

Figure 2: Sketch of the Hyper-Kamiokande detector. The objects of research are also shown.



Workshop Report

Stellar Evolution, Supernova and
Nucleosynthesis Across Cosmic Time

Keiichi Maeda

Associate Professor, Graduate School of Science, Kyoto University,

and Kavli IPMU Visiting Scientist

Chiaki Kobayashi

Senior Lecturer, University of Hertfordshire,
and Kavli IPMU Visiting Scientist

We hosted a Kavli IPMU workshop on “Stellar
Evolution, Supernova and Nucleosynthesis Across
Cosmic Time,” for two weeks from 18 September
to 29 September 2017. The workshop was also to
celebrate the career and achievements of Kavli IPMU
Professor Ken'ichi Nomoto in the field of stellar
evolution and supernova explosions on the occasion
of his 70th birthday. We invited active researchers
in related fields from all over the world. In total, we
had 81 participants including 46 researchers from
foreign institutes (24% of whom were female). This
international spectrum of participants was engaged
in active discussion on “massive star evolution and
core-collapse supernovae,” “low and intermediate
mass star evolution and type la supernovae,”
“asymptotic giant stars and electron capture
supernovae,” and “chemical evolution and Galactic
Archeology.”

It was organized in a workshop style, namely
we tried to limit the number of talks every day,
and encouraged discussion and collaboration.

The review talks were arranged for the morning,
while the afternoon was for discussions. Ken'ichi
Nomoto offered free beers in the cafeteria every
evening, which stimulated discussion in an informal
and friendly atmosphere. There were 39 talks in
the morning sessions, and 25 informal talks in

the afternoon sessions. This workshop style is

an experiment at the Kavli IPMU. This required

the invaluable help of the Kavli IPMU secretaries,

without whom it would have been impossible to
have this successful meeting. The workshop style
was well-received by many participants, and we
believe this could be one possible direction for
future Kavli IPMU activities.

The first week mainly dealt with topics related
to massive stars and core-collapse supernovae. On
Monday, Norbert Langer gave a broad review of
the current status of the massive star evolution
and open questions, which was then followed
by several talks on the up-to-date observational
status. On Tuesday, Adam Burrows summarized
the latest issues related to the theory of core-
collapse supernova explosions, and several talks
followed to address relations between massive star
evolution and the supernova explosion mechanism.
Galactic Archeology was a topic on Wednesday,
led by a review by Chris Sneden on observations
of metal-poor stars. Ken'ichi Nomoto detailed
how supernovae from the first stars would have
polluted our galaxy with heavy elements. One of the
topics on Thursday was supernova nucleosynthesis,
exemplified by a review by Marco Limongi. On
Friday, various new types of transients were
discussed, led by Chris Fryer, covering highly topical
issues on super-luminous supernovae, gamma-ray
bursts, and electro-magnetic counterparts of binary
neutron star mergers.

The second week mainly dealt with topics
related to low-/intermediate-mass stars and type
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la supernovae. On Monday, Ken’ichi Nomoto
provided a review of one of his most influential
fields of study, namely the evolution of intermediate
mass stars and electron capture supernovae.
Tuesday morning was on the long-debated issue
of progenitor evolution toward type la supernovae,
where the so-called single degenerate scenario (talk
given by lzumi Hachisu) and double degenerate
scenario (by Ashley Ruiter) were discussed, followed
by observational constraints as reviewed by
Mark Sullivan and Kate Maguire. The explosion
mechanisms were discussed on Wednesday. Various
models were discussed in the session, following an
overview review by Friedrich Roepke. On Thursday,
Peter Nugent presented exciting new discoveries
by the iPTF survey, and discussion on supernova
light curves and spectra followed. On Friday,
Chiaki Kobayashi reviewed the galactic chemical
evolution, emphasizing in particular the importance
of feedback from low-/intermediate-mass stars and
type la supernovae. This was then followed by Naoki
Yasuda'’s talk on transient survey program(s) with
Subaru/HSC. The two-week workshop was closed
with talks by Wolfgang Hillebrandt and Philipp
Podsiadlowski, who summarized the open questions
of supernova study and possible future directions in
the coming decade.

During the workshop period, two of the
participants provided APEC seminars. Philipp

The 1st week banquet on September 20

Podsiadlowski gave a review of the highly topical
issue of gravitational wave sources, including
mergers of binary black holes and binary neutron
stars. Francesca Matteucci, a pioneer in the field,
provided a review of the chemical evolution and
Galactic Archeology, covering everything from the
basics to the most recent update. The lecture room
was nearly full for both of the seminars, and both
were followed by active discussions among the
workshop participants and Kavli IPMU researchers.
On Wednesday evening of both weeks, a buffet-
style banquet, complete with sushi stand, was
held at a nearby Japanese restaurant. About 50
participants and their families enjoyed meals and
conversation at each banquet. Friedel Thielemann
and Melina Bersten in the first banquet, and
Francesca Matteucci and Wolfgang Hillebrant in the
second, gave enjoyable speeches and showed many
slides to celebrate Ken'ichi Nomoto’s 70th birthday.
It was very impressive to observe that the field
of stellar evolution, supernovae and transients,
as pioneered by Ken'ichi Nomoto, is now rapidly
expanding. The Subaru/HSC transient survey, which
involves many IPMU researchers, is still young, but
has started reporting many interesting results. We
are hoping that these exciting fields of astronomy
keep expanding in the future, and after this
successful workshop we have no doubt that they
will.

The 2nd week banquet on September 27



Hirosi Ooguri Elected to the Japan
Writers” Association

Hirosi Ooguri,
Kavli IPMU Principal
Investigator and Fred
Kavli Professor at
Caltech, has been
elected to the Japan
Writers” Association
on June 23, 2017. He has written
several popular science books,
including “Introduction to Superstring
Theory,” which received the 2014
Kodansha Prize for Science Books,
the most prestigious prize for science
books in Japan (see Kavli IPMU News
No. 27, p. 23).

The Japan Writers” Association was
established in 1926. The Founding
Chair was Kan Kikuchi, a well-known
writer and founder of the major
publishing company Bungeishunju Ltd.
Though the association was disbanded
during World War I, it was re-
established in 1946 as a professional
organization to promote literature,
protect freedom of expression, and
support writers. Its membership
consists of writers, playwrights, critics,
essayists, translators, and poets.

Hirosi Ooguri

2017 WPI Site Visit to Kavli IPMU

For the FY 2017 WHPI site visit to the
Kavli IPMU, WPI Program Director (PD)
Akira Ukawa, Program Officer (PO)

20

in charge of the Kavli IPMU, Ichiro
Sanda, WPl Academy ' Director (AD)
Toshio Kuroki, and several JSPS officers
visited the institute on July 19, 2017.
PD Ukawa was newly appointed
at the beginning of this Fiscal Year,
taking over the position from the
now former PD Toshio Kuroki, who
was in turn appointed as WPI AD.
The site-visit team examined the Kavli
IPMU’s progress plan for the five-
year extension period based on its
achievements in the past 10 years,
and the host university’s vision and
support.

To begin with, the site-visit
team heard Director Murayama’s
presentation on the progress of the
nine challenges for the extension
period. Subsequently, the University
of Tokyo Managing Director and
Executive Vice President Toshihiko
Koseki explained the University’s
vision, University-wide ripple effects
caused by the Kavli IPMU’s systemic
reform, and University’s support to the
Kavli IPMU in the future. Then, there
were active question and answer
exchanges between the site-visit team
and the Kavli IPMU/University of Tokyo
side. The two-hour site visit concluded
with comments from the PD, PO, and
AD.

*"'In FY 2017, MEXT established the new
WPI Academy. The WPI centers that have
achieved “world-premier status” are the
initial members of the WPI Academy.
See https://www.jsps.go.jp/english/
e-toplevel/18_academy.html.
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MEXT Vice Minister Todani,
Director General Seki, and
Director Ohora visit Kavli IPMU

In July, August, and September,
2017, several notable visitors from
MEXT (Ministry of Education, Culture,
Sports, Science and Technology) visited
the Kavli IPMU. (See photos in the
Director’s Corner on page 3.)

On July 21, Director General
Yasunao Seki of the Research
Promotion Bureau and two officers
visited the Atmosphere and Ocean
Research Institute, Institute for Cosmic
Ray Research, Graduate School of
Frontier Sciences, Institute for Solid
State Physics, and Kavli IPMU on the
University of Tokyo’s Kashiwa campus.
At the Kavli IPMU, after hearing an
overview and research of the institute
from Director Murayama, they toured
the Kavli IPMU building and observed
interaction of researchers at tea time.

On August 21, Director of the
Office for the Promotion of Basic
Research, the Basic Research
Promotion Division, Ryuuma Oohora,
and Unit Chief Yuuki Shigeta, both
from the Research Promotion Bureau,
visited the Kavli IPMU. After Director
Murayama’s overview presentation,
they were guided through the Kavli
IPMU building. When they entered
the interaction area, Piazza Fujiwara,
on the third floor, where researchers
gather for daily tea time breaks,

Mr. Ohora showed interest in a

book which he found on a table. It
was “Quest for Truth—Interaction

of Buddhism and Astrophysics”
(published by Gentosha Inc.), which
Kavli IPMU Principal Investigator Hirosi
Ooguri wrote with Buddhism scholar
Shizuka Sasaki.

On September 15, MEXT Vice
Minister Kazuo Todani visited the
Kavli IPMU, accompanied by Director
of the Office for the Promotion of



Basic Research Ryuuma Ohora, and
Deputy Director of the Office of Vice
Minister, General Affairs Division,
Susumu Ideshio. Mr. Todani listened to
Director Murayama as he introduced
the institute, and the research being
carried out here. He showed interest
in the institute’s goal to improve the
university system in Japan, and asked
Murayama questions about how the
Kavli IPMU looks after its overseas
researchers and processes their
pension and insurance paperwork.
Following a tour of the Kavli IPMU
building, Mr. Todani joined in the
institute’s daily tea time break, and
talked to a number of the researchers.

Second Lecture at “Science Café
Universe 2017"

Every year, the Kavli IPMU and
Tamarokuto Science Center co-
hosts “Science Café Universe” at
Tamarokuto Science Center in Nishi-
Tokyo City. This year’s Science Café
2017 was the ninth in this series, and
non-Japanese Kavli IPMU researchers
gave lectures in English without any
translation into Japanese. This public
lecture style was a first for the Kavli
IPMU. This year’s first lecture was
already given on June 24 (see Kavli
IPMU News No. 38, p. 19). On July
8, Kavli IPMU postdoctoral fellow
David Stark gave the second lecture,
entitled “The Birth, Growth, and Death
of Galaxies.” There were about 40
attendees; 40% of them were junior
high-school and high-school students.

In the first part of the lecture,
David showed a number of pictures
and simulations to introduce how
galaxies grow through attraction of
gas into dark matter halos which
consist of dark matter. The last part
of the lecture was devoted to the
death of galaxies, and David explained
what mechanism causes grown-up

galaxies to stop forming stars and
turn into inactive galaxies. Finally,
David discussed that there are several
theories about why galaxies cease
forming new stars. No definite answer
for this problem has been obtained
yet, and he introduced his own
research working on this problem.
Despite English being the only
language used throughout the
lecture and subsequent Q&A session,
participants left comments in the
questionnaire such as, “The English
was difficult to understand, but | could
tell how enthusiastic the lecturer was
about his research,” and, “l would
like to hear a lecture given in English
again.” Also, a number of attendees
remained after the lecture to ask
questions to the lecturer in English.
Overall, we think this trial of “Science
Café in English” was a success, which
will aid future planning of similar
public events by the Kavli IPMU.

4
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Kavli IPMU Science Café “What
Can a Particle Accelerator
Discover?”

On July 15,2017, the Kavli IPMU
hosted Science Café “What Can a
Particle Accelerator Discover?” There
were about 40 attendees including
junior high-school and high-school
students.

This event started at the lecture hall
with a screening of the documentary
film “Particle Fever" (Kavli IPMU
version with Japanese subtitles; for
more details, see Kavii IPMU News
No. 30, p. 23). This film follows the
lives of six physicists over the course of

five years as they search for the Higgs
particle at CERN.

After the movie, people moved
to the Kavli IPMU’s interaction area,
Piazza Fujiwara, on the third floor,
and there was a science café lecture
in English by Chicago University
Professor and Kavli IPMU Principal
Investigator Young-Kee Kim. Kim has
a long career in high-energy physics
experiments using high-energy
accelerators, including the ATLAS
experiment, which contributed to
the discovery of the Higgs particle
at CERN’s Large Hadron Collider.
She talked about the importance of
this discovery as well as upcoming
next-generation high-energy physics
experiments after the Higgs discovery.
Further, she mentioned ongoing
and planned high-energy physics
experiments in Japan, such as the
SuperKEKB/Belle Il experiment, Hyper-
Kamiokande project, and ILC project.
After the lecture, a discussion to
facilitate dialog between Kim and the
attendees was held. Some attendees
were seen to talk with her in English.
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Booth at the 2017 Super Science
High School Student Fair

On August 9 and 10, the 2017
Super Science High School Student
Fair was held at the Kobe International
Exhibition Hall in Kobe, Hyogo
Prefecture. The Kavli IPMU and other
8 WPI centers jointly ran a booth
exhibiting their research activities.
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Learning and Creating Physics—
From High School to the Forefront
Research of the Universe

On August 19, 2017, a Collaborative
Knowledge Creation Practical Learning
Course “Learning and Creating Physics
—From High School to the Forefront
Research of the Universe” for junior
high-school and high-school science
teachers was held at the Seihoku
Gallery of the Yayoi Auditorium Annex
on the University of Tokyo’s Hongo
campus. It was co-hosted by the Kavli
IPMU and the University of Tokyo
Center for Research and Development
on Transition from Secondary to Higher
Education, Division for Cross-Stage
Education and Assessment, CoREF."
About 30 teachers attended this event.

The program started with a hands-
on exercise, where teachers were
assigned a task to “give an easy-to-
understand explanation of dark matter
to high-school fresh-year students.”
The participants were divided into
groups to discuss and present how
to accomplish the task, based on the
given material. Subsequently, Kavli
IPMU Director Murayama gave a
lecture explaining why dark matter is
believed to exist. He also gave some
examples of familiar phenomena,
which are likely not to exceed
the Japanese government course
guidelines for high-schools, including
quadratic curves and planetary orbits,
and the relation between the flame
reactions and absorption lines (see
photo on page 3).

Finally, there was time for attendees
to have a discussion with CoREF
Professor Hajime Shirouzu and Kavli
IPMU Director Murayama. They
discussed how to introduce cutting-
edge science in normal classes,
amongst many things.

*2 Consortium for Renovating Education of
the Future
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Kavli IPMU Seminars

1. “Coulomb branches of 4d N=2
SUSY gauge theories for R® x S
Speaker: Hiraku Nakajima
(Kyoto U)

Date: May 01, 2017

2. “Existence of crepant resolutions
and generalized McKay
correspondence”

Speaker: Yukari Ito (Nagoya U)
Date: May 08, 2017

3. “Implications of locality and
unitarity for massive S-matrix”
Speaker: Yu-tin Huang (National
Taiwan U)

Date: May 09, 2017

4. “ADE String Chains and Mirror
Symmetry”

Speaker: Babak Haghighat
(Tsinghua U)
Date: May 16, 2017

5. “Rp- Ryt Flavor Anomalies in B
Decays.”

Speaker: Alakabha Datta (U
Mississippi)
Date: May 17,2017

6. “Extent and spatial distribution
on a kpc scale of star formation
in cluster galaxies from z=0 to z
~05"

Speaker: Benedetta Vulcani (INAF
0aPD)
Date: May 18,2017

7. “Phase space slicing method in
NNLO QCD and its application in
collider physics”

Speaker: Chong-Sheng Li (ITP,
Peking U)
Date: May 19, 2017

8. “Status of the Dark Energy
Survey”

Speaker: Gary Bernstein (U Penn)
Date: May 22, 2017

9. “Weak gravitational Lensing by
Large-Scale Structure”

Speaker: Hendrik Hildebrandt (U
Bonn)
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Date: May 23, 2017

10. “Probing fundamental physics with
galaxies”
Speaker: Neal Dalal (U lllinois)
Date: May 24, 2017

11. "Recent wide-angle photometric
redshift catalogues”
Speaker: Maciej Bilicki (Leiden U)
Date: May 25, 2017

12. “Classical Field Theory”
Speaker: James Wallbridge (Kavli
IPMU)
Date: May 25, 2017

13. “Aspects of the chiral algebra in
4d N=2 SCFT”
Speaker: Jaewon Song (KIAS)
Date: May 30, 2017

14. “ "Magnetic bubble chambers’
for sub-GeV dark matter direct
detection”
Speaker: Tom Melia (UC Berkeley)
Date: May 31, 2017

15. “From Einstein to Gravitational
Waves and Beyond”
Speaker: Barry Barish (Caltech/
LIGO)
Date: May 31,2017

16. “Higgs bundles, branes and
applications”
Speaker: Laura Schaposnik (U
llinois at Chicago)
Date: Jun 06, 2017

17. “Peterson isomorphism in K-theory
and Relativistic Toda lattice”
Speaker: Takeshi lkeda (Okayama
U of Science)
Date: Jun 06, 2017

18. “Gravitational Instabilities of the
Cosmic Neutrino Background with
Non-zero Lepton Number”
Speaker: Neil Barrie (U Sydney)
Date: Jun 07, 2017

19. “Cosmic rays from high-redshift
starburst galaxies and their role
in heating and ionizing the
intergalactic and circum-galactic
medium”
Speaker: Ellis Owen (U College



London)
Date: Jun 08, 2017

20. “Cores in Dwarf Galaxies from
Fermi Repulsion”
Speaker: James Unwin (U lllinois)
Date: Jun 09, 2017

21. “The Search for Inflationary
B-modes: Latest Results from
BICEP/Keck”
Speaker: Clem Pryke (U
Minnesota)
Date: Jun 12,2017

22. “The universal quantum invariant
and colored ideal triangulations”
Speaker: Sakie Suzuki (Kyoto U)
Date: Jun 13,2017

23. “From CREAM to ISS-CREAM
Projects”
Speaker: Hwanbae Park (Kyngpook
National U)
Date: Jun 14,2017

24. “Universality in Biology?:
Fluctuation-response relationship
and Deep Linearity in Adaptation
and Evolution”
Speaker: Kunihiko Kaneko
(Universal Biology Inst, U Tokyo)
Date: Jun 14, 2017

25. “Perverse coherent sheaves on
blow-ups at codimension two loci”
Speaker: Naoki Koseki (Kavli
IPMU)
Date: Jun 15,2017

26. “Secondary astrophysical
production of anti-deuteron and
anti-Helium3 cosmic ray”
Speaker: Ryosuke Sato (Weizmann
Inst)
Date: Jun 16, 2017

27. “Derived categories and flips”
Speaker: Matt Ballard (IAS / U
South Carolina)
Date: Jun 20, 2017

28. “New information from the small
scale CMB”
Speaker: Simone Ferraro (UC
Berkeley)
Date: Jun 21,2017

29. “The Galaxy-Halo Connection
with the Observation of Neutral
Hydrogen”

Speaker: Hong Guo (SHAO)
Date: Jun 27,2017
30. “Supernovae: Observational
Wonders and Theoretical
Nightmares”
Speaker: Tomasz Plewa (Florida
State U)
Date: Jun 28,2017
. “The Curious Case of Lyman-alpha
Emitting Galaxies”
Speaker: Zheng Zheng (Utah U)
Date: Jun 29, 2017

32. "Mutations of non-commutative
crepant resolutions arising from
dimer models”

Speaker: Yusuke Nakajima (Kavli
IPMU)
Date: Jun 29, 2017

33. “R-matrices and cohomological
Hall algebras”

Speaker: Eric Vasserot (Jussieu)
Date: Jul 04,2017

34. “"A New Population of
(extragalactic) X-ray Transients”
Speaker: Franz Bauer (Instituto
de Astrofisica, Facultad de Fisica
Pontificia Universidad Catolica de
Chile)

Date: Jul 05, 2017

35. “Planet Formation as an
Astrophysical Problem”

Speaker: Roman Rafikov (DAMTP,
U Cambridge)
Date: Jul 06, 2017

36. “From the FOURGE to the FIRE:
Tracking Galaxy Evolution over 12
Billion Years”

Speaker: Kim-Vy Tran (University of
New South Wales)
Date: Jul 06, 2017

37. “The Mass Within Galaxy Clusters:
CMB Cluster Lensing and
Splashback”

Speaker: Eric Baxter (U Penn)
Date: Jul 10, 2017
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Personnel Changes

Changes of Deputy/Associate
Directors

Kavli IPMU Administrative Director
Tomiyoshi Haruyama was additionally
appointed to Kavli IPMU Deputy
Director on June 7, 2017.

Kavli IPMU Professor Nobuhiko
Katayama stepped down as Kavli
IPMU Associate Director on July 13,
2017. He will concentrate on his
research.

Promotion
Yukinobu Toda,
who was Kavli IPMU
Associate Professor,
became Kavli IPMU
Professor on July 16,
2017. Yukinobu Toda

Moving Out

The following people left the Kavli
IPMU to work at other institutes. Their
time at the Kavli IPMU is shown in
square brackets.

Kavli IPMU Postdoctoral Fellow
Edmond Cheung [October 1, 2014 —
September 30, 2017] moved to
Raise.me as a Lead Data Scientist.

Kavli IPMU Postdoctoral Fellow
Dulip Piyaratne [October 16,2014
— August 13,2017] moved to
the University of Arizona as a
Postdoctoral Research Associate.

Kavli IPMU Postdoctoral Fellow
Wiphu Rujopakarn [March 16,2014
— August 7, 2015 and March 1,
2016 — July 10, 2017] moved to
Chulalongkorn University in Thailand
as a Lecturer of Department of Physics,
Faculty of Science.
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Kilonova

Masaomi Tanaka

Assistant Professor, Division of Theoretical Astronomy, National Astronomical Observatory of Japan,
and Kavli IPMU Visiting Associate Scientist

Kilonova is an optical and near-infrared emission from neutron star mergers. When
two neutron stars merge, strong gravitational waves are emitted and a part of

the neutron star material is ejected into interstellar space. In the ejected material,
heavy elements such as gold and platinum are synthesized by a rapid neutron
capture process. Kilonova is an electromagnetic emission powered by radioactive
decays of newly synthesized heavy elements. In August 2017, it was announced that
researchers had successfully made the first detection of gravitational waves from a
neutron star merger (GW170817). Subsequently, electromagnetic emissions in the
various wavelengths were also observed from GW170817. The observed properties
of the optical and near-infrared counterparts are similar to theoretical expectations
of kilonova. Astronomers may have witnessed the place where heavy elements are
produced.

Kavli IPMU News No.39 September 2017



Director’s Corner

VT,

7TH208 @ %A vV EHYERAHEH (MITP) & MR D IHEME, L
4 & (/o) & Matthias Neubert MITPF& (&) o

8H19H  ERARSREHRMERKE L Y ¥ — B KIEEHELF] CoREF1 =
v hEKavli IPMU D [FR9OFEEMDIBAIERFHBE | THEE (43~

—YZH).

9A1H : FEMERIR (H) ICHS RN,

Kavli IPMU ##R

*T_I-IJ-I % LovE-0EL

7H21H B BEXBHZEAMRIEREF R, Kavli IPMU Z8R%. £ 58
BR. NLEER. Kavli IPMU LEBIZHRE 5% L TV 538 I1ERER
RREYEFRFEE (21— SR,

8A21H  KIRBERXHMAZEMRIREDERNRIRERERI TR
R(A) EERAEMRRLERERRGE ERMRILILEZERR () H
Kavli IPMU 2 1R% (42— 21),

9A15H  FA—RAXHBZEAEBRE () nKavli PMUZRE (42~x—2
2R)o

25

Director’s
Corner



FEATURE

caviomu zemma < INTIL - B T5) 7

Mikhail Kapranov
Hrine: HF

BHLE

#22 £ WIEBEIT KV RS S NS T2 O IR

BAZIHFOFTRLEVADTFO—DTT, TD
BEMEEEDBEx LR e 52 & T, ACBDEYN D
THEEYENICIEBRTLEVOEEICED(LDTT,
ANBEDEZ A TIE, BAZIEW b B EAFMEER (1
A=Y OBREROBOBRERAMNICERS 5 £ T
LRI ENERTETCLES>ZE) ODRTHDE
BICKEEINTOET, BAFZLIEEOS WV D2HDTH
HREN, EVD I EIZDVWTORAZE DIRTEDERE
ZAED L DI, R HEDOERICHSHABTNLRL D%
R2HBNRERRDTT

LA L. BERYMEZICEINE, Sho TEWERT
DOYIBIZRRE (55 L IFEREZR) DS lEkRizmontT
WRWLWD T, AT LLOA? BREEVLOHDHLY)
HIZE > TREENIHEZEBTRLAZLIZED LWL
SIENTDERTYT, &AM, BRI E (LK
BWREDTYT, TIHH, ZOFETIEFHRDERELY
INETR [ ] R EREICEBIRT 52 & IJREETY . &
BELX EIF2E4E, BRES &9 200N FuUL
NEWEE, EDIELYBLIRLE—DHDK (H
Wb T) AERS BB LITRY £T, AT
LEHNBWIRILFE —DRTFAERT H2EEDICIERY A
HYFEFTHO, IBEIBHOLDE [R5 BEAIC
LIRUDHY £7,

> T, B IEEHOBHOEEAHENIZRIE
NcbOERU—BRINESEL DL D E BIIZIRET
52 EIETERVLDTT, BIZAIL, ZOFEED., BEE
TOEHENETBALTEE > ToEFHEMICTE R S

T->TWa, EWLWoTt kD72 EIEBADZEATIEH
DEtHho SVWHRZA S L. FATCENRAZOREDE
e L TERRHRICIEIBREDDELRD T,

BAZIZIHMORMAZE, REBERAZ, RO —, 8
BEERMAZL EGHENICWCDDDDEAHY £75,
L L. 2626 [FEFE] 12K > TR BA A4 IRF
THERENEWVS, HEBAIEERLIZLS%) K
FIZOWTIEETORBTORBEN—H L TWET, &8
IZZENERRT B7-0ICAVSHAEE. REAER
BREDFERIEWVH ST TY,

LA L. 2OBTEDBIZ, FAlob DRMEMIRF
IZDOWTDEZAZDLDDEER KD BHT L L3
EOAAMNEOHENE Lico UT. ZOL5RAR
IZDOWTEZ LI ERWET,

JRAIVT1—IDR¥—LIEH

H L WA R FERDORIED L. 1960FK4) 0
IZA 7087« =00 LOREBEAIZOER L
LTHRESI B AF—LERIEODLTVET, Z0D
ERNBEZIZ, 2B X (z0RKIE”HT) 12
B9 22BHRMXLDOBEHDT—YRICK) T~
RENBZRETHEELDIHDTT, BHLRETIE
RIEXLoH2EDBEHDEGICL N SEZoNE T,
TR L L. XEDEEDAXIZ, HBHEIE(X)
ENISSERMAFEEERLE T, ZDK 5 HBEHIL
ERBICELE., 518, BUTENAIEETY, HFEN

26 Kavli IPMU News No.39 September 2017



CIRRLE, 3IFE, BHHUBICODLWTHLTL5E
ﬁ(%évi@@%&%%)@%%(ﬁjtWUi?o
B ORIZIE, BITEIC>LW e (BFE ANE
T%%%#&bb@b)?%étbv@%?%é#%
BHE

f-g=g-f
N ES,

BIZIE. XPn

RTTERZEEDZE, NET 2RI

f(x.y)=2x+3y+16xy + X"y
DEIBNEHDZER (ZZTlEn=2F52) D
EETEZONET X1 20ZERXAAEATER
LNBGEIE. WHTBRIFFRED2ODZERfE g
DENZDABRAODBER THHHHIIINSEE—R
5LV [BARE—R] 2 L7I-Z2ERIRTSR
ONET, BROABRXTEZAONEBEIIOVLTH
BT XERD [ART ML] EMED, X = Spec(R)
EEETET,

[ARTBL] EVWHEEIFETYERZ TOMLENEIC
BWHELZTREETORANRY MLVER (D F
) lﬁ@IE?A) DHRILHBDTY, >T. TNIFH

1IN 2MEBEFEORBERODEED—HFIRDTT,

Oy vT4—VDEBERCEER (£ L THTIL
BaREBERI L) e BAEHNA X—Y (R
F—L) TH5Spec(R) x=2 AEDIIRIRR IZHIG
SEBIENTELR T, BEETIHHENLFE L
T, [ZEHOERD] '®Y 9. ZORDITILa + be
EVWSHT, HITEERTICIEERMIZS =08 105

M1 HERX =0k >TE5Z SN BIHANER,

RAZRWE T, E->T, & = 0N ZDBEDHER
T9, e=0&LIZAMESDTL & HH? BEHBIZIZ0L
MNIZ2FLTCOILRZEUIFLE LB WD, DEAHL
O (Zf) FoBEBOEEE LTERT S EIFTE
FHA TNTHAF—LSpec(D) IZEKRD & % 27
ZBIRN TEDLDTT, 2% Y. Spec(D) 13148 (%
CTlde=0) EXDRUHBIILIERABESTCIS
T, TN ED T2 13b Wb DEEZ LD TT,
1SR L TS0, HEEKRT, TNl [ER
N ELWSHOIRDEEELESEA LT, cBEIEET
EOTE®Y FBAD. [FEBIINSWV] 728, 1%
ICEBETES, LLWOHDTY, £/, 6 # 0T
HENeDHBEBRONERFLAIZGDEND LD
BB NeEEZDEDLTEET, ZOXDBER
N TZLRTFY K] EEND) 28TEIE. £V
HHPARAZN A X — (HiRR ) OEREISELD
EFEELTRWVMECZENTEE T,

FERT A AR

AF—LEBRICEV oSN [HIRIROBEE
{t] DEEEZLVLEINIZKEY ., ZOEREHITEN
f-g+g-feR)BH2RENBETH % [FEATHLR
ICEEGRT 2R a0 ThNnE L1,

BEETRHROLAIL, 2O BEEDMANEERD

DPRBREIZESI DS LNFEA. ERICTREDHR]
IZIENZHDBDTL £ 2A? EiL, FFEBRIRZYIE
ZOREHICHIEo LI-bDid, EFAFORETL
foo BEOYEENEFHF TIIIETERD [1EAE]

27

Feature



powers of y
x5y3
T
1 1 1 1 | 3 >
! ! l | y
P S [ N X 0 X yx yx y
R
1 X , X , X L |
g : | | | | powers of x
0 1 2 3 2 .

M2 JEFMBEADRERICL 5RE,

RSN g §, BEINARHERE L TR T O
REEFBICWNT 21EBEOHED p-g-q-p = ih H
Zifonxd, MPEE Tk, TH0BEITE, H50
3. HEEDEETHL2EHEMLE, MHIZHE<D
BIDHY) £9, BE. EABRBETHHEITTITY &
WEZORBRIZEFIEKELE T, Vv VEBETRE
2w Ty bPEELBDE, RUIZIYT Y FEEBETR
FILovVEBDDIEELTIEH Y A

[FER#a 21| oBRIC &Y FERTBRED A A
NEBETEET, fle LT, FFBRAB2ZH XLy %
EZ2FEL &5 T2EMED2RBIEBR X, xy, yx, y* 1
HYETH, INEETERY 7T, b Lxeyh
e THExyyxIFFELVLDOTYE A, FEATHREIE
RELTIEERY £9, ZD&DI12. 1MEDMHERBIE
RO DI FAMBIERTREIND L IZAHY £
To Bl Z L XV Ity & B WL Id xyxXyxyx ° %
DOMEOHODOIFTMBIER ICHS Fifontd, @
DEBIFEX, FIZIE0) EFEEOEZE (5 3) O&e
LTRSS E@ERTYT (ZHEZa—hy - 547
TILELTHIONTLET), 259 5EZDHIE
XEFEARICHSL EIF D 2 & 13, @RI MHED 70y
JRDEET (0,0) oEELT (53) IIES [¥
7Y —OETRE] ICHELES, 2FY, BEADE
TlEx iz, dE~0ETFyICHIGLET (R228).
- T, FEMEBEBREI DL O LREEELAD
BHHDIZHRY) £T, TNIE x & yZAHBIZT S

VIBRERREBEELT [REICOVWTHZES ]
TEEERLET, BIH, FEPTHRIR A SREIAIC AT
T35 [m#e] IRAYEBZOERNESNFETHS
REEDORBNFELE RS2 ENTEET,

FEMMRIR ICEMFMNERE(IINT 52—2D A
ZERIXIC L » TERRIC/ANS X —F T Eanf~s b
ILEBOBETHD [RNT MLE] &0 DS EAZOES
EFAVWSZETT, fIZIE XETVRDE (M3ER)
EE2ETRIFOELEORY MLE, $hbh5FRLMIC
Lo TNRIA=FFHIFEINT [HED | BOKETT . X
HERIZHIET 55BE L. X DRI MLEIEZR ED
[INEE] EMENZ BT RM EFIT L £, hiEE
MIZEWTIE, RDTTréE MOTTmE#IT&bht %
ENTE, MOTTmM =r-mHPEon£d,

FEMMRICHMZNERLMNM TSI EE 20D
LORBEMR T H-0DFEE LTLITTIERC,
Ho L RACHONTRMENBEEAEZ CISBEINE
T, 2L 0BE, TED (DF ) ABE0). L LE
M, HEWIRZEVOENEREE, o L HER
FEFHRONRTERT 52 ENTEET,

ek 30

LD L. FEPHAREIEGE IR IR R AP
ROFIBER LD ICIZFRZA £ A ZLDXRBHNLER
EHESELHDIE, AIEELDTY,

28 Kavli IPMU News No.39 September 2017



BOAIZOMWFRICH LT, BUTWBHEG S/ fRE L
TEC [AHREICR U] HEEABRT VLS RlnT
TA=FHHY) T, 2D LD BEBDO—DHREA
(@ % LN ZHB) AT T, TN B AR L BE £ T,

CORETIE. RRIZIIBEFTDOD2BEDEN H
ELET RO—UABTIZBEFTOTOMTERIN
9, BAHME (Koszul 0FFEIE LTHHSND) 1

(1) f,g:(_1)deg(f)-de9(g)g_f
TERIN, ZITfeglrBraIondnns T,
deg(NiE FHB7 B0, FavlelLfd, SRS
ELFEgDDREL—DIMBOBEIEf-g=g-
MANFDBELf-g=—g- &Y ET,

> T, BIIRILBEORK TR TIIH Y £¢
Ao ZNUZHED DD LT, MEEDORERICINILET]
B ISBE ORIRICNMT 22T ORI
FLET. flZIL, BED (AIRTHHED) EEE
RO TH2HFDOER L HIIROBLREEEZ S Z
ENTEET,

RgAlE (BREEFIINSZtbHb) 0
DREDBFLRFSA S AT LD—DI0BE A
INSOBAIZFENENC EIZEBAREEETT,
BADEBIZE>TLWAVWARFEOE(IEL &
TH, AN Z2DDERBZFETTILIERNER S
FBILRZEVI ZEIBRLTREZEA. (B LT
S ot EWAEEN Y LY £F,) T,
FEAEHNE L EZA2RAUDOESEFEEIL. W

M3 AE YR EMEOFEE,

*! Picture source: pgfplots.

PO EIZH ZDEROB N EEHELD T LA L,
ZOEBCHEINBEE LAVEDCERIL, TS (B
BOYBERRRIZH S EBHONET,
MEBZTIERATICIEIRY Y ETLIFvD2iE
BHHDLZENPHONTULET ., ZTDELIE, 2B
DT NIFUHABELEFRREICASZ I LIFTEL
W (TS ) o8t s L TR TLES) O
IZH LT, R/ VEZENDARERRIZH Y T, 1o
ZIE, BFEBFETILIACTED, (RDEF
THd) KFIIR/ > TT, b EHENRLANLT
iE AELDT TILIF Y DROIRENRT MLIE, F
BO2EZXBSSEX (1) Z2ROVHEES LD (C
FEaZZEd, COBFDOT7ILIAVELTDOHE
BARTOBECTROERE 2> TEY ., &> T
T2HEDHA > TWABFENEET 27-DICIRANICEER
BHDBDTT,
BEMZDEREIE1960FKDEKIZF. BereziniZ & -
THDTREBINE L, ®ICIE. 7L IRFOIR
2EVEHETZRMAFEAS L VO BELYIENS
BAHY £ Lico TNIERY/ Y ETTILIA VOB
WIMETH S, LWbwd [BUIE] WS RELRT
OV LD—8&%m) F Lico ROEFERDIE, 29
Wo 7B Z AN BRIER CIBRO TERTH L D >
12 ETT, BEMZRIZENSG 2/FFH, PohLdh
DEZAD, PEBOERICLNEZONDEZE (B
DITOMBREE L) o e RVFVLDLDIZT S

29

Feature



REOHZ T

M4 FREOQOHARBHYA ZLERTOHNITIERWTA 7L

ELWOBELAEMNIZETSHDTHSELD T EIC
BoliDTY, $hbhb, FEICRNAEA DIEILIE
BILKERMELLON, MEWS & EREFOENIST
ERIFBERICNEAZLIZRY, ZHNITBRAREL
IZIFRR 2 ) BRI ETY,
BROBSMIIBLIEROERICBEOCRAFENS
EBELTO®REZRLLTVLWET, I, REERE
ZDEY 27 EEOBRELUIBKIERD Z < ORI
THENICBELGERTRBHLTVET,

BEHE: *ERS—K#F

LTOHFNNRIE, PR EHRAMITIE [7T)
EFEND L) BERAOANDEZRDEL THD
[E£E] TF. #-T. HEZ0LORDES. Bl
TNEHERT 2B8OEE. FLTT, BENRED
FRIEEKLIZZOTZ7TO—FRDTE, HFEHEIL Z
DEIBREETEMEINTULAR W ERILE
BLARVDOAEETT .

T, BFEOEED SH LLES BENER) %
BT 51213, 2DDEARNIZEL 2 WA AED
HET,

—D (&% 12£5b0 T, AIZIEAEARER
x>+ Yy’ =1 TR TBHETT,

LD [NRIAXA—=F[IT] I2KBbD, T74
DEL2TOT—YDYRMERTEZHRIRT
KB DT, PIZILEERLCHIEX = cos(a), y =

REOAR

sin(@IC& > TR X=FR[HFEnE 3,

LEWEBKRTIE [REOY—RE] EHFEOFR T
NO2BEOLERDOEDOEREZARNLZILDEFTAE
To LIFLIERE—DORRIZOWT2EED LR %E TS
ICEFIZIETERVW ERHY £, TNODEIC
W [¥vv 7l HBH->T, &EEHITTELTIR
FTZZENTEEFA, ZOXvy 7 [2REAQ
=] ELIOIBBEHERICL > TERMEEINE T,

REOQAY —REUE, BRICKNVATETHLLH7R
TEDKENBIRERARS 2EMAZDO—FTHS b~
ROY—IZBELrH N £9. ZOXI0ESEZERY
B8, BREFILIGVWEAZNEETHS (Y17
WIHEZEZET, 200U A 7 ILIEZDEVWHESR (X
ADFRDEENF) DHBE. REOHRTHEEEW
7,

ZOEDIZLT, PIRAIEREE b—FXDEVE
RDEDIZEDZENTEE T, =T XIZIFEWIC
REOARXTRWVWIERTDO T A ZADEEL £ 5.
KRETIEZDES5BRZEFRIY EFA (M42R),
fe>T, ELDTURTY A 7L IZB W TIdEHE (58
REFIRWIE) EUR N BRTHEZE) PEL
BAMEE (BREINS &EWHBE) ICHELET,

COEIBBER (FERY X M) 2RBERICEN
D EHETBEICT S [OF o4 VK] EIEN
FPREEIE. RO MLEBVABEFEETOEMT
2EERT 2 & 01245 [ (differential) ] d&#8
2725726 DT INUE [RFICIIERVFELE V]

30 Kavli IPMU News No.39 September 2017



Bz ELE R

VDS ERNLEMPNEEZ EMLLIcbDTT,
TTWTLDFZIEREMITHIThN, X7 MILIZIEER
DRESToNE T,

oA TOTTO—FLYEZT (1970FK1C
RAICEALTYEFE. C Becchiv A Rouet. R
Stora. I Tyitind £ #i7H &) BRSTEF{L & LTHISAL,
WALV BHTWET, 207 7O—FTlEdIC
Lo THRT 2 TREE] ~o MLy R IIrYER & &
AONET, TSI, 220YEBNRE Ly 170D
EZ0d(¢9) DEOHBEIZRY FE (MEMIZELWD
EEZoNEFT, ZOLHICLTIREOAY—, T4
HEX vy TICN L TEBROYENEHENSZ SN F
L7z CORBETA T4 7ORKT 220KRIE. £
TETREBNEATLS EIEERA T E A

BRBME

BAFEFIBL (RED) ZED S (SRKLIFIE
N%) WA > LBEIECHEERATIND EE A
9o ZERIIEERICE W TTEZR_ &IN5 384
TEECAMTEZENTEE S, FIEALHOERE
LTHlDH DEENR, LIEUILHA > /oZZBIZI8 E
FENBZ DD £9, BREMPZOBERILIZDT
TO—FEREQAY—RBOT7 7TO—F EHEODITS
HDTT, SVHEZ B &, HEEM L L TRIPZEET
1375 <L FIDRNTEREEZ L2 EBDTT,

IO9 5 LDEEIL. HUUIMBIHZEREDDL

M5 Bobr TREEZEOZRE.

DTl EY 271 ZEE (BAZHEED/NT X —
Y DZER) NMEFEMEERT, DFNEBOREAD LS
IZZ DB THRRIGE RN ) 3L 170 B RedH D2
& (M528) 1L, RV smenTuE L
ZOWEE I, EREEEZEA L THEED R WERIZAIML
L OB REERTEH LI RRTES D
EDDIY F LIcH, TNUFEIERIZ K 285D T

LA L. BRAECSNIMFRIED Z L IFRAEDH
AIEHNNROBEEINIIBREEE T, BEORKD
[ ICHAT(FAd T4 —0DERTDRAF—
LATHBHEBBINDIBETIZ), Blosa 7ok
AIFRNRABHENE T, TNoIEBRMDL DL H
NIEFROL DL H Y £, KENITITEEHE (B
) ORBOBETHETEET, K6IZEOH DA
EXIST HEEEORBOEHEZRL £9, 2 DERIC,
25y (Z0&HEIE(-1) L0 5HK5) £ [RE
PIXSFRIER =2 DR | (MEBIZE S 27 — WD
b m) AR LEFT, FEAEDES2T712E
BUEERR, RF v 71l ET. BRAY v 7IFFEIC
K ENTTMREZ DR L £9,
BRNIZIEFROLSIZEIZELTEET, FEOD
(BRlo) #@EILEES (BR) SEFEOBFNLIR
ZEVEFMICANS [BNEAZ] (G, &8
O (EE0) SEIZEKICZEROAEN T NROYH
IWREBEEARD [ KIS AZ] cIG L9, 2
DEAAZ D 2 D OBV AIEA BRI @D A A
ICINEF B EIFEBAREZELEERAE T,

31

Feature



BRAZ Y7 (KEHIZRAF)

2-stacks

Stacks

-2 -

A

°
0

1

M6 FRIEMPDOHER.

ZDRBIECCHRNTT A, S F TIIEREME
DYEBZIZN T 2L CDEBITREIGAVEHEINT
WEd, COLSICLTERRY v (F& LTHRA
HENIZBTAHR) ZhROVHILISEDEFHRICHTS
ZEBAYAILNDREERET, YV TLIT1v Y
SRR (HHARONIL N7 ORROERE AT
BAZPNR) OBERBLUL. ZOHF.ZDEY 2
TAEEOFOBEE LTENIPLEN>TEE LT,

BRI EBEROTREGBRASA (1) 80
o, BEMAFEHBVERLH Y 27, K. (1)
DIREIZH BTSSR TL (ZOL>BBEIZED —
LEFEEEINET) 2. BRTORADOEDERD
D (WhWERERE SE—E) OBEAD SR
IChROSHALGRREGZAHZENTEEFT, R
#deg (f) (BHERE) (&, RTOE CEREOEDOE
BOREE L THONIZBEHAEBICHL LET. 2
DOFEEEn+1RITTENKIT (22 Tnld3MUE)
DIKEDED2BFEDBEBRIZHTIH L £,

fas

2

BlLE, HEEDNES> TLEHLWERAZENFED
Bl ZADEDODBN L& Lic, [IREDMFR] %5
RELDEEDEMBETL £OH? ZDKDBEARD

| msezr—L mERHSES)

T2DIZEDS LNGBWERAZIMZHHETL £
M?SETDETA, BEAFAONTLWEEA, D
THEBHTOREOEZEZTOL 500 E LTEIE
AR N E WD T ETZAH BN LNELA, ot
CBoATIERL) HLARD, - L BERELRETH
BENE > TROZZEIIRENE LNETA. LD
L. SOEIBERIODVWTERDHIZET D&
TEZ, ZNEAREET HIZIE. TNo Efh b D
AZNERE L CABDBE/INY —> & 2 iESMBH D
BERDTYT, ELLWEREZB2ICITEYRERONDE
TIN, TNZHITTVELDIE. ED LD R
DHBERDNEWLND ZEIZDNWTORIZEDEERDD
Rahb LNEEA

FAICIE, BANRDE B OBREMASE & YEBNICEE
RBR/IENTER L TWEHDIE, Aohro—BeE
REWRTOAREN IR B R FHT L WA Rt
FRIZODBD B R 7RSI EIZREDE LW, &
WO ZEDEKDIZBAE T, FIZ, FAld, KRB R
AY—DOHENAMETHLEADETERE b C—8
IZBART 2EEN. ZOL D BHFHLLIERADBERA
ERBDTIFHBRLNEEZTNET,

32 Kavli IPMU News No.39 September 2017



Our Team

193% BE”::EEE WS-y BRI EUE

Kavli IPMU #i8

FADFEFIUIRBRMZETT, INETHERERYZ
DERERBBICOVWTIARLTE X Lz, FERICHE
Rz ib, REERAZZZA T L I, BXIER
NOHTEIIHERAOBBEICHEWE L BERD
BOEERBP2E/ONITE2RTOR Y 1 W%
BRTIHIRTES L Z2RRT 25 DT, & THH
T L7z 2D, TIRARITETY LAY bRk
EREEHZRBE L. 3RITTOT v HA I D WL THE
RLTEE L F, BREZBAVCT Y AN

EDREL DA, BEDNAHALISEEIZOAMY IID D
EL BV EDIFT LY MNEBESBEDEELIR
ELTWAIETYT, RERBEOGFEEZRT OIFE
LLWDOTEN, AhAENrHBEEFELTVET L. FE
PHRLGBEOMMRTH L LWBENEENST0EEL H Y
9., ZNh5Kavli IPMUT, WAWAREF YR
EDBE BRI OMRERELATZWT T,

33

Our Team



I\A ° )( I)T Tom Melia BP0 2 EBRYES

Kavli IPMU Bh#

E. BETELTZ2DOANBTTORNTDERR
DIAFIZEEREZFF> T E 7. B—ELHCH 5 L (34F
KDATA =T, RNFOBRERRLBZ S (H5
WMdEEETL D [#FA] TOEKRREN) YEBERER
TAHEMLWEIMEAEZARTZETT, FLILERESY
— IR —%RHTHHAAT, FTHEVWIRIILF—
BlEL L2 LWVIRRLGERO T A 2 EZ TL
7,

/o, RISBOEFRICWO oNTHFH L WLWEEFERNE
SEHEOMNIZL, FATEZILICHEERL DY 7,
M BMBOETRICE LT, BROEROESED
BHICOWTDOERA A XEIEBETZ(IHIY ., HGE
WICHITHRRR, A, IREOY—DEET
BHBHENREINTLE T, EEBUOEELIRIRILE
NICHEEE L TWE T, FAGZ 2 WL o7 A T+
THEEDIIERSE-LWEB>TWET,

e 5 U - 9'_ ‘\"’r}l/ l" Hillary Child — BFI58: K3

BImRE

POINFTOMRIFEICY—or <y —NO—DF
WEENMICBETZ2HDTY, NO—DEEELEENTH
DOHFLEFEDER, /-7 DA RBE (FFREEL)
DIBFEZRDBHIHIZ. NRETETBERLINO—D
BEFLEFELARTWES, Z0OBESEFRLER
EOBRIEFEm/ N7 X—FZICKEL, £/-/N0—0
L HITEBENTORRNEDLS IZET EHD
BRRICKRIEE T, BT UIPMUTD6 v BOEEDH
WZICIE, N ZRZ ML 3EEBEEE) 2R0W5 2
ET N)AVEEBRBOR S X7 —LOAIE % {7
IZHETEDZNEVOBEEZRANDSFETT,

34 Kavli IPMU News No.39 September 2017



E%‘j Ef% vr-Fevyy—  HRsE BRYEZR

BLIMEs

FAIFIRA VIR YIER CIRA CERE /> TV E T,
BEMIZIE, 8T F—YEE L SREAYEZDOE
W FICZINoDEERREMRL TV ES, BED
METIFYED FRACHILBEONEIZER L, KK
FROY—0KEH. HOETme XER/RDT /<Y
—Z0EHmNFEZIGALT. INSOBERRED
W EHEEROMREE 2 HBEOE RN HEE %
WRLE LIz BE, RIEMNROVAHLABREET

ROTVYVTILX s (BEFbDON) (CEAT HERE
ERODEEDHII, TNSDOBERICHDERNLYIE
FERLIZWEEZTWET,

7 l/ P I) “/ 7 7731# ° 7\\/9‘\ Frederick Takayuki Matsuda ~ 5PI% 8 FHR

BIWEs

FAMIFEYA 7 ORERHRS (CMB) ORIEEER
TEEBEITo>TWET, BE—REEENECMBD
RADESIE. WPFHICEITE21>T7L—23 >0
ANZZALEZa—F)/ DEEIZDOVTOENRIE
HEFF > TULWE o FAIEEIZ Simons Array & Simons
Observatory @ & 2 7 CMB#_EERID 72 & DERIR &
EEBEORRMARICED->TLET, EREBOAFHRS
EXFHYIaL—>avERRLTEY ., BHEOH

ZEARRETUIDIL)BVRELAL—T Y 27
B128%, INSDERBONFPRORECETNE S,

/\\\\/\/'\7;\/ ° $—7\/ Benjamin Quilain  EFIHEF: RERYEE

NEFTIINUA Y20y —TYHE ERYEDIEN
MENRESNTUVETA, ZDEILNSTE TR
LOFENYEEBTH L I EERENLFEHDA >~
TJL—>ay - FHUFEFERIHGPTEENT
XFEH A, FAlE. LT 29 —TZOESTEE
TKELOPR—N—HIAH Y TFERICEITE =2 —
b/ IREIZEBLC TRIARELITVWES, T2—=2
—~)/E—LRTEFZa—~) /OHEBEEEHEAL
o, b ERAER =2 — M) /D ER S IREI %

THHrb LN 0hEWnWS Y hERLE LIz, FALL
RIFEBREERM ST &, T2ZKER—=IXN—=HIHH
VT ORBBITIZEY . JOIENIREDIIE RY
txBELEY,

35

Our Team



Research Report

—a—hI/IREMAFTRDER
TKEROBHER, 2L TN N—HIF DY FHE

Fﬁ) I I 51]?1? Whbhh - HDZ

RBRERZREZFRR EB0UR

I:P%_“—( Iﬁl” - Dkl

RBRFAFREFHER R, Kavli IPMU EE ERBFHERR

1. 1ZC®HI

201782, —a—F) /IREMARICZDOKRE3E
BH®H -1 —DIET2KEBRORITIERNFEERIN,
Za— bk TRF & RAFOBONTRE (CPEFRIE)
DENTLWBIEN 20 DEEEL LTIHRESNIZZ E
Thb, ZDBIF. RA—N—H3IAN VT OBIKER
THBINAIIN—NIA N TEBELAXEBRZED [F
WIAFZDOARETOY 17 SOHEEICEIT 2 EAREE -
A— K<y 7OEE (A— K<y 72017) J ICEIRE N,
STEOERRICAITTRECHELZZETHE, 2D
EVWEDERIZIOVWTRET %,

2. T2KRERDERHHER

2.1 IEFZ=2— bV / IREIRER & CPHTRE DN
Za—bhI/REIIRK =2 — b/ PKREZ 21—
b/ oBAZBLTHERSN, —a—hJ/ICBE
NHBGEIIZa—)/ OEENENLRT S (RET
%) BRTHZ, 3@EO=2—+)/ (BF=Za2—+F
D/, Za—=a—tJ/, ¥U=a—r)/) P, 3
BHEOBEDOK (KBBEK) OEREHLERETHS
FEDICRIZEDTH, >BYRERTHS, HAL
L2, EFHERICIEEDORNERDERICIE, AiF&
RRAIFTZD 7% DRFHEL S, Lo 2CPIR
MaiR5ZEDFIREE D, —a— MU /IRBICEW
T [CPRMEDIN] FROD>THELT, ZDEN

DRKEIERTNTA—FCPAUEAIFEITASN T
e CPUMMEETANSIZIE, Za— M)/ DNEDE
BT LIoh, 2N ERBOZ 21—~ /HIRSE
REBETEHIENRET, MESTEYVET =2 —
b/ E—L%EESRBRTAENTEEE B D, HIE
B2 M)/ E-LORROFHEIIRNE (BE. T
FILF—, RITHEEE) A2 A>TWBIET, BED
HLWHLEIRERZBANT LN TE S,

2.2 T2K (Tokai-to-Kamioka)=E&

T2KEEER Z. KB ENIZH 5 )-PARCES TSR
TIa—FvZa—t)/AVWLRIa—F>v=Za—
M)/ DE—=LZERL. 295 kmBEn /oI B ERE T
HEDZA—IN—HIA DY THREBTZ1—r) /%
BAILTWD, ERLIRRICIZI a—F>Y=Za—KY
JTCHoTbDNEFZa— M) JIIRELI-EIG L.
RIa—FA>Za—r )/ THoT-HbDONKETFZ2
— b ICIRE LIEIEZAE L. 85 2 & TCP
SHRED N E TR D, CPHMENI N TS E, £
DEIEN—2a—r)/DHEER=Z2 )/ DHE
TR %, 713, CPAIEAL L OGS (CPXMNE
DN TULARWNES) OZ0EEOFEELSOTN
HRAZETHCPUEALTMNAZEENTES, R=Za
— R/ EMBEEDRIGEEN =2 — ) /IZHART
W3 D1ENSWzd, Za—h)/E—LTERE%
TOANENEZLDEFZa—~N) / ~ADIRBIER%
BATZ 5,

36 Kavli IPMU News No.39 September 2017



M1 BFZa—hrYU/ (L) EREFZa—hrY/ (FH) OZRLF—HDT, KiRIE

CPAEAL Y ADHZED FIRIE,

20102 =a— K~/ E—LATEEZKH L2013
FIZTocDEEETEF —2a— M)/ HIREREFEILL
2o D%, 2016FFI¥ £ TR=Za—FJ/E=ALT
EEEEITL, CPEHMENEN T Z S BIMENRZ T
X7 2016FEDI10B N B2017F481E, —a—K~0 /
E—ATT—%%BiE L. IERDE— LEREHA80
FOTy MIRD—=T7y L2 ET, 1ETZa—h
/) E—LDT—5%BIETHENTE

23 CPHEDENHIRZA TE?

SEIOH L W TIE, ERICHRTEF=Z2—F
D/ EREBINEEZ30%M LB EICHIIL
Too TOERWERIIBEBRATEZ 2HELTIBCL
1lETHDB, NETICESLIcIRNTOT—9 D
5, BFZa—r~J /e LTEASNZDIZ89EH -
f2o [TCPRAREDENA W] HEDFEEILHV67E
T, BABIEZOFELX EBS, —hH, REFZa2—
B /IZ20TH, [CPEMMEDEND L] HED
FRETIBETH LI L, BEHEKIE7TEE, 25
SIEFREELY DL, RINGESNIEF=2—
)/ EREREFZ2— M) /BROIRILE—5

HTHbH, ZNICMAT, Ta—=a—krJ/ERZ
2—=a2— M)/ OBEAER, $EFFCRE=2
— b/ EBOBEROERL, WENLBBITEITo 12
R, 792 RLBIETACPUMAMAIEZ-105° &%
Sfzo Z LT HREINIZ95% 20) THA SN 2 80H (4,
171" 056 -70° L LWHERNME o NI T, CP
SFRENEANTLR L (CPEFENREL TWS) &
SREBBDEBETEMNLIZEVWS ZETHD, T2K
ERTIE, SB%T—yEXEDP LT, CPEELAKE
CIENTWLWBEEIZIE, 3ScDEBEETRETA &%
BEELTWS, ZOMDSIER=Za—+ ) /E—ALT
ERBT—YEBETOIFTETH 5,

3.NAN—=AIFHTEEORR

NANR=DIAFAVTEEIE, A—N=hIFHY
FTOI0EOBENEEE HD26H b (BWEEIL1975
Fy) OBKREKF LYy I7REEBY IR BRE
HEEETICERL, —a— ) /IR ELACRESE
eI, KE—EROIIHLE B DG TRIEA AR
BRETHRRT Z2EROABE TH S, HEAZMRED

37

Research
Report



[ ABA@EICETA2YRY—T oY (X2 —7
S22017) ] ITBIREN, ZO-UOXERIZEEDO—
R<w 7201712 bR EN, WAL EFEEAEDIL
T%f:o

31 NAN—=HIFHTREROBIE

SE, T2KERD 26 DERE TCCPOENZEA L
1o, KVBREREAEZBBH-OIZIE. N NX—=" 32
FHYTEBRTScaBALMENPEFIN TS, £
foe NANR=AIAFA A TEBTIERR =2 -~/
OHIKNE TCHIRE AT 52 & T, 3SEHRDESE
DIEFIZEL THELEZANEONS ETFTEINS,
IHIC, NANR=AIFAYTERTHERIZZ2—F
D/ IRBERET ST, Za— MY /A3 EB
ATHEESHHEELERKTES, KE=Za—r)/
DEANIC L ZRKEARIETHO =2 — K~ /IREIDAIE D
AEETHD. ZOMh, BRALZDIBA TR ZBHE= 2
— b/ EBRTENL, BFEOBRANZXALIC
BLTEZLERI’EOND EHETE S, LY=EA
Tld, 7Y ROXYIRACH W TOBFEERDFE
RO EH D, 512, FHIOESBEDBHEE
FZa—h)/ERADIET, FHOELELICHE
BRERNTIBEL 15,

NeDZa—r) /FRICINA T, N1/ —=H 32
FHYTEBOEBRYEOBEN. [BFiLENS )
7] WD, RNTFYEZOREEFEICHTZETH
%o RATFORE—EwmIE. BFOHEEELFET 5,
NEFTCRA—N—AIAHA>YTTIEGTOREIZIRED
Mo TEBT., KE—ERmOIEIZEIZEO2Hh>TW
e LA L. BNFYEBZEDES IFXFE—Eima
FELTWB, NAN=HIFHVTEETIE, TDOK
HEEXBEWERL. BFHEEZ I NEF TOI0BHU LD
RETETZENTIEEE R D,

BEDESIZ, NAN—HIF A TEEIE. =2
— ) /BICESTHBEEBRRL, —2—F) /%
o7 FHENZEREL, RNTYEFEDETHS
[ Kifs—HEm ] OFEBEREEZMDI-, MICFEDRNE
BRIZERTH 5,

32 NAN—HIFHhVTREREE
INAN=BDIAH Y TEREBEDORENZ X2 x

T, 2600 bV DBHIKEZERIZY > 7 ITHATARDK
o —DHREIN, Za—F)/DESCEGTHEE
DES%E, FzLyaA7N%EFE-> TERAT 2, Xt~
P—3ZOBEEN0md Y. I T B RE, KHE
ISEME, THRLF—DBRENX—N—DIFAYTD
LD EHRT2EDNEELTF S, ZOKET—2HNE
D40%EH/N—=LTWT, WER=2—K~) /REF
BIEDESAIRA LD TH 5,

33NAN—HIFHYTHEDORRKEFE

NAN—=AIFHYTEREIL FEHEHRDEF L
BIRLY—YEBERZFRIE T, EETEENER
[ToNTWS, EESIL—TIFHFI15HE - #2300
5 BEEERNE I —TTHh D, EBROER
(Letter of Intent) (£20114F(CHHE 4, 2015F (T
AV LR—=bDF DN, BE, ERAELLST
HERMTHON TS, TELSRDONSIZIE, XEB
BERIIEVWTNAN—AIF AV TEBEOEEES
BRT2LENH Y, SEXEREEOO—-RT Yy
201712BREN -2 L lE. ZDFRIRICAITTORER
—SEBAHLIZEERA B NANX—DIF AV TE
BOTEMN20I8FEEIZRD o NNIL, £ B8FD
RERHIRS AR T, ERIZ2026FICHBTELFETH
%o

4. %t9

Za—RF)/HRISEEAN N ETHEHFEZ ) —FL
TEIHEDBFTH 5. 2017FEH ., T2KERD 5CPXF
MEDENIZET 2 EZRMRHBRIMHRICAEITTH
BNz EF. ERAREZEY S CBARDFBURR
B L WA, ERMIRIIREANDEETH Y . KD
HBADIDIZS I ZREBRMRDERNLEEI NS, /)
AN—=NIFH Y TERIE, BFRIZ8HF., TDEI04F
LED&R &, FEBICRIBOFTETHZH. T i
FERREADEREE R > TS, BEVWAREICES
57, BROERHFEN10F, 20FLTHERELTW
CED12. BRI B2ARDHNEF T, BEULFERIZN
ANR—AIADVTEHENERT A2 E2HFLTW
%o

38 Kavli IPMU News No.39 September 2017



Research
Report

X2 NANR=hIFN>TREERBEDHRIRK & T DHIFRNR

39



Workshop Report

Stellar Evolution, Supernova and
Nucleosynthesis Across Cosmic Time
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