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Director’s Corner

Hitoshi Murayama at Work

April 1. Appointment of Kavli IPMU Deputy Director
Yoichiro Suzuki as a Project Professor. Previously, he was
a Professor at ICRR.

April 16: Photo with Freeman Dyson (center) and
Masataka Fukugita (left).

June 21: Introducing the Kashiwa campus to second-year
students at the Kamaba campus of the University of Tokyo.

Director of Kavli IPMU
Hitoshi Murayama

April 1: Round-table talk with Peter Goddard (right) and
Hirosi Ooguri (left).

May 26: Photo with Kiyoshi Kurokawa, Academic Fellow
at the National Graduate Institute for Policy Studies.

June 30: Presentation at the Seventh External Advisory
Committee.
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FEATURE

Cosmology and Statistics

1. Introduction

Observational cosmology is an exciting research
field. High-precision cosmology data sets, as rep-
resented by the cosmic microwave background
(CMB) experiments, have allowed us to address
the most fundamental questions of the Universe,
such as dark matter, dark energy, and the age of
the Universe. 21st century cosmology requires both
theory and observation and has now grown to be
an “experimental” science.

Since some articles in the previous IPMU News
touched on these advances in cosmology, we would

like to discuss a different topic in this article, namely,

statistical aspects of cosmology. Cosmological
theory and methodology involve various statistical
concepts. Cosmological data sets may look
complicated at first glance. For instance, the
fundamental observational quantity for CMB is the
black-body radiation temperature of CMB photons
observed in each direction in the celestial sky. In the
case of a galaxy survey, the spatial distribution of
galaxies is the fundamental observational quantity.
How can these cosmological data sets be quantified
and compared with theory? What are the premises
and assumptions made in cosmological analysis and
what are the limitations? The goal of this article is
to discuss these questions.

2./.Cosmological Principle, Ergodic Hy-
pothesis and Two-Point Correlation

Suppose that F (0) is a fluctuation field obtained

Kavli IPMU Professor MasahII’O Ta kada

Research Area: Cosmology

from a cosmological data set. In the case of CMB,
it is the CMB temperature fluctuation field, defined
as F(0)=[T (@) — T)/T, where T (0) is the CMB
temperature in the direction 8 and T is the average
temperature over the sky (see the upper-left plot
of Fig. 1). Although a similar field can be defined
in three-dimensional space, let’s consider the two-
dimensional field in the following. The field F(8) is
observed with a finite angular resolution in actual
observation, and would therefore be given in
discretized pixels. The Planck satellite observed the
CMB sky with angular resolution of about 5 arcmin,
providing the CMB temperature fluctuation field in
about 5 millions pixels. This is an enormous data set.
However, cosmology theory cannot reproduce the
F(0) field as is observed. More precisely, to build a
model to reproduce the observed F(6), one would
need to introduce too many model parameters
that can be as many as the degrees of freedom of
the data. This is obviously not interesting, and we
do not want to make such a fruitless effort. For
this, a cosmological analysis usually employs the
cosmological principle:

¢ the Universe is homogeneous and isotropic in a
statistical sense.

In simpler terms, it says that there is no spatial
direction or position in the Universe, or we on the
Earth are not located at a spatial position in the
Universe. Thus, this principle would be regarded as a
democratic concept.

If we accept the cosmological principles, we can
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Figure 1. A flowchart of cosmological analysis. Upper-left plot: A cosmological fluctuation field F (6). In this example, the temperature
fluctuation field of the cosmic microwave background (CMB), taken from the Planck data. Upper-right plot: A Fourier decomposition of the
field. Lower-right plot: A power spectrum estimation from the Fourier coefficients of the field, #;. The gray points (in the upper panel) show
the measured value at each wavenumber bin (more exactly multipole bin in the spherical harmonics expansion). The blue points are the
average among the several wavenumber bins. The error bars account for statistical uncertainties in each bin arising from both the sample
variance due to a finite number of the Fourier modes and observational effects such as the instrumental noise. The red curve is the best-fit
theoretical model. Lower- left plot: An example of parameter estimation, obtained by comparing the measurement with the model prediction.
The confidence region of each parameter is obtained by properly propagating the measurement errors into parameters.

consider that the observed field F(0) is a represen-
tative sample of the parent population of {F(8)}
that exists in a vast universe. Again in the CMB case,
we assume that even if an independent observer
who is located somewhere far away from us in
the Universe observed the CMB, he would see a
similar field of the CMB fluctuations as what we
observed. We need to statistically quantify the
extent of similarity, however; i.e., how typical or
representative the field we observed is compared to
the expectation, as we will discuss below.

A Fourier decomposition is useful to quantify the
observed field F(60). That is, we decompose the field
into orthogonal functions of different wavenumbers:

Foy= 5 S Fet? (1)
o

Here we ignored the curvature of the celestial
sphere for simplicity and assumed that the sky is a
two-dimensional flat space. If © is an area of the
observed region, the fundamental wavenumber of
the Fourier decomposition /,=2/Q.* (Q,” is a one-
side length of the observed area). Then the Fourier
modes are given as =1 (n,, n,) (n, n, ==1,£2, ...).
The Fourier coefficient £ is a quantity to describe
how much the Fourier mode of wavenumber /
contributes to the observed field.

The Fourier coefficient is generally expressed as
Fy=|Fj ", carrying two degrees of freedom: the
amplitude and the phase. Due to the statistical
isotropy of the cosmological principle, the phase
unlikely carries useful information." Hence, as

' If there is any correlation between the phases of different Fourier modes, it
easily causes an anisotropic or direction-aligned pattern of the field.
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a useful quantity to characterize the amplitude
information of the Fourier mode, we can define the
power spectrum estimator as

2

Pr(h = Fy

1
Nmode (I)Qv Z (2>

(l'let
where X, denotes a summation over all the Fourier
modes satisfying |I'] € ! to within the bin width.
Nooae(D) is the number of the Fourier modes in the
summation, and is approximated for the mode /> /; as

Noose (= 3 = (22;% 3)
1l'\el

where Al is the bin width around the mode /, which
an observer has to choose. Here 2n/Al is the area
of Fourier space used for the power spectrum
estimation, while (2n)*/Q, = I}is the area of the
fundamental mode element. Thus, the power
spectrum estimation allows for a significant data
compression, from the vast information content of
two-dimensional data to the one-dimensional scalar
quantity, P- (/). By ignoring the phase information
of the Fourier coefficients and assuming that the
Fourier modes with the same length /=l are
equivalent to each other due to the cosmological
principle, we estimate the power spectrum from the
average of the Fourier coefficients |Fj’. This would
be the simplest statistical quantity to characterize
the amplitude of the Fourier coefficients.

What is the main difference between laboratory
physics and cosmological experiments? In most
cases a physics experiment can be repeatedly done
at a laboratory. Then, the expectation value and the
statistical error can be estimated from the average
and variance of the independent experiment events
(realizations). On the other hand, we cannot repeat
a cosmological experiment: there is one observation
region or there is only one universe even if the all-sky
survey is done. Thus, in a cosmological analysis we
approximate the ensemble average of independent
realizations by the “sample average”; for the above
example, the power spectrum is estimated from the
average over the Fourier modes of the same length,

\Fj°, which are all drawn from the same realization
(one survey region). This is sometimes called the
“ergodic hypothesis” in cosmology. A cosmologist
has to take into account statistical uncertainty and
limitation arising from this hypothesis.

3. Primordial Gaussian Random
Fluctuations and Sample Variance

In the preceding section we introduced the power
spectrum that is a standard statistical quantity in
cosmology. In fact, there is a case that the power
spectrum carries all the statistical information of
data. You may wonder, “is there such a convenient
case for us?”, but the answer is indeed yes! As we
will see below, our Universe appears to be simple
and beautiful in a “statistical” sense.

The inflationary scenario provides a plausible
mechanism to explain the origin of cosmological
fluctuation fields such as the CMB temperature
fluctuations and large-scale structure. It is a scenario
that the universe underwent an exponential
expansion at the beginning of hot Big Bang universe.
Since the universe itself is tiny during the inflation
era, one needs to consider a quantization of a field
that causes an inflationary expansion, which is often
called inflaton. Due to the uncertainty principle
of guantum mechanics, the inflaton inevitably
has quantum fluctuations. Then the inflationary
scenario predicts that the quantum fluctuations
are stretched out by the exponential expansion to
macroscopic scales, leaving classical fluctuations on
horizon scales (the scales beyond causal contact).

In quantum field theory, different wavenumber
modes (k) correspond to different quantum states.
Furthermore, it is assumed in a standard inflation
model that an interaction involved in the inflation
field is small, and different quantum states are
independent from each other. That is, if we denote
the primordial classical fluctuation field by  (often
called the primordial curvature perturbation), the
following condition is satisfied:

(Ck Ck') = P (k)2m) O(k+K") 4
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where P, (k) is the primordial power spectrum.

Sp(k + k') is the three-dimensional Dirac delta
function imposing that the fields of different
wavenumbers are independent. In addition, we
assumed that the primordial field is statistically
isotropic, leading the power spectrum P, to depend
only on the length k= ||, which is valid as long as
an inflation expansion is isotropic.

Thus, the inflationary scenario naturally predicts
the generation of isotropic classical perturbations
across the whole universe originating from random,
free quantum fluctuations. More precisely, we
expect that the phase of the primordial fluctuation
field, . is a random zero-mean variable, and only
the amplitude contains the physical information,
where the typical amplitude is given by the
primordial power spectrum P; (k). This means that
the primordial field {(x) is a Gaussian random field.
The Gaussian field has simple statistical properties.
The even order correlation functions’ are given by
a product of the two-point correlation function,
which is the inverse Fourier transform of the power
spectrum. The odd order correlation functions’ are
all vanishing. That is, the statistical properties of
a Gaussian random field are fully described by its
power spectrum.

One problem of cosmic structure formation is
solving how the perturbations of each component
of radiation, baryon and dark matter have evolved
in an expanding universe that has undergone from
the radiation-, matter-, and dark-energy dominated
era, given the initial conditions such as those set by
the inflation models. As long as the amplitude of
the perturbations is much smaller than unity, we
can use the linearized perturbation theory to solve
the dynamical evolution of multi-component system
based on the linearized Einstein equations and the
linearized Boltzmann equations. The nice thing is
that different Fourier modes evolve independently in
the linear regime. This means that the perturbations
in the linear regime preserve statistical properties of
the primordial perturbations. In fact the observed
CMB temperature fluctuation field, which is well

in the linear regime, is found to be in remarkable
agreement with a Gaussian random field, which is
considered as one of the pieces of strong evidence
of the inflationary scenario.

Hence, a power spectrum estimation from
the cosmological data can be regarded as an
appropriate approach, motivated by the inflationary
scenario. As we stated in the previous section, we
need to take into account statistical uncertainty in
the power spectrum estimation arising due to a
finite number of the Fourier modes. This uncertainty
is called the sample variance. The statistical
uncertainty in the power spectrum estimation
is given by the covariance matrix, and can be
analytically computed for a Gaussian field:

CovIPr (1), Pr (1= (Pe (D P (1) ~(Pr () (Pr (1)
g O P07 ©

Here 6 is a Kronecker-type delta function, defined
in that 8%, =1 if I =/’ to within the bin width,
otherwise &% =0. Thus the covariance matrix for

a Gaussian field has only diagonal elements.” In
other words, the power spectra of different bins

are independent from each other. For a non-
Gaussian field, the covariance matrix has additional
contribution that arises from the 4-point correlation
function that cannot be expressed by a combination
of the power spectra, causing correlations

between the power spectra of different bins. In
actual observation, other statistical noise such as
instrument noise also contributes to the covariance,
but we ignore the contribution for simplicity in the
following.

The covariance elements at each / bin give a
lo-distribution of the measurement values around
the expectation value, when the power spectrum
at the / bin is estimated from each of the survey
realizations for the fixed area €. Hence an expected
statistical significance of the power spectrum
? For instance, the 4-point correlation function is given by ({(x,){(x,)(x;)C(x.)).
> For instance, the 3-point correlation function is given by {{(x,){(x,)(x3)).

* The prefactor 2 on the r.hs arises from the fact £/= F*; due to real condition
of the fluctuation field F (0).
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estimation at each [ bin is

2
|: PF(I) :| _ Nmode(l) (6)

o(Pr (1)) 2

where o(P(1)) = [Cov(B. (I), B. ())]"”. For a Gaussian
case the statistical significance does not depend
on the power spectrum, but rather depends only
on the number of Fourier modes around the bin
[, N,.(D). Because of N,.q..()) oc QA the statistical
significance is greater for a larger area, a higher
wavenumber bin /, and a wider bin width A/

The lower-right panel of Fig. 1 shows the CMB
temperature power spectrum measured from
the Planck data. The plot clearly shows that the
measurement accuracy is increasingly higher at
higher wavenumber bin / (more exactly the higher
multipoles that are the order in spherical harmonics
expansion). The error bars around blue data points
denote the statistical uncertainties due to the
sample variance as well as the instrumental noise.
Again we would like to emphasize that an observer
has to model the sample variance.

Once the statistical uncertainties in the power
spectrum measurement are given, one can compare
the measurement with theory:

B (I) «— P ™ [L; P, (k), Quoh’, Quol’, Quer .]  (7)

Here we assumed on the r.h.s that the model power
spectrum, Py(1), is given as a function of the
primordial power spectrum and other cosmological
parameters that specify the cosmic expansion
history. This assumption is valid as long as the
fluctuations are in the linear regime. First, we can
study whether a model of interest can give a good
fit to the measurement to within the error bars.
Next, by propagating the measurement errors into
parameter estimation, we can estimate a confidence
region for each parameter. The lower-left panel
shows such an example. Strikingly, the Planck

team successfully attained the ultimate statistical
precision allowed by the sample variance up to / ~
2000, as it uses the all-sky data and the instrument
noise is negligible up to the multipoles. Namely,

since the power spectrum contains all the statistical
information for a Gaussian field, they were able
to use all the CMB temperature information in
the Universe in order to extract the cosmological
information.

What we have so far described is summarized
by the following three remarks. (1) We measure
the power spectrum from a cosmological data
set assuming the cosmological principle that the
Universe is statistically isotropic and homogeneous.
(2) Assuming the ergodic hypothesis that an
observed region is a representative sample randomly
drawn from the parent populations, an observer
needs to “model” sample variance effects in the
power spectrum estimation. (3) If the cosmological
fluctuation field is a Gaussian random field as
predicted by the inflationary scenario, the power
spectrum contains all the statistical information
of the field. If any of these three breaks down, the
power spectrum is no longer the optimal quantity
to extract all the statistical information.

4.Large-Scale Structure Formation:
Nonlinearity of Gravity

While we have so far mainly discussed the
linear Gaussian field such as the CMB field, in this
section we consider the cosmological data sets
available from galaxy surveys that are aimed at
exploring the accelerating universe. The dynamical
evolution of fluctuations after the CMB epoch
is driven mainly by the spatial inhomogeneities
of dark matter distribution. The current standard
scenario is that the seed perturbations have grown
due to gravitational instability and then formed
the present-day, cosmic hierarchical structures
containing nonlinear structures such as galaxies,
clusters of galaxies and large-scale structure seen
through the distribution of galaxies. This scenario is
the cold dark matter dominated structure formation
model (hereafter simply CDM model). The CDM
model predicts a bottom-up structure formation:
small-scale nonlinear structures are first formed

8 Kavli IPMU News No.26 June 2014



Figure 2. An example of N-body simulations for the cold dark
matter (CDM) dominated the structure formation model. Even if
starting from the initial Gaussian condition, the spatial distribution
of dark matter, as represented by N-body particles, display rich
non-Gaussian features as a consequence of complex nonlinear
gravitational instability. Dark matter halos appear at the spatially
small places where dark matter particles particularly cluster. Very
massive halos of cluster scales, with masses > 10"°M, tend to
appear at the intersection of cosmic webs/filaments (the obvious
example is the halo at the center of the plot). The amount of dark
matter contained in halos with masses greater than galactic scales
10"”M, is a few 10 percent of the total matter in the universe. On
the other hand, about 70 percent of the spatial volume is occupied
by the spatially big, under-density regions — the so-called voids.

Reflecting such asymmetry, the dark matter distribution becomes to

have non-vanishing values for all the n-point correlation functions.

and then merge in a continuous hierarchy to form
larger-scale structures.

We assume that CDM particles have negligible
thermal velocity (cold) and interact with other
particles only via gravity. We can show that, on
scales well within horizon scale and from a spatially
coarse-grained viewpoint, the time evolution of
dark matter clustering follows the pressureless and
irrotational fluid equations in an expanding universe:

00, 1
O oV [(14+6,) 0] = 0
a

ot

ov, a 1 1 (8)
Q= T Uyt — mV mz_fV

3 +a1; +a(v )v p ¢

V2¢ =4xGp,, a*d,
Here a(?) is the scale factor that is an increasing
function with cosmic expansion, d,,(x) = [p,.(x) =p,.)/p.
is the mass density fluctuation field, v,,(x) is the
peculiar velocity field, and ¢(x) is the gravitational
potential field. In a completely isotropic and
homogeneous universe, J,,=|v,|= 0 everywhere.
We can study the dynamical evolution of the dark
matter fields by solving these equations, starting
from the initial conditions constrained by the
CMB observations. As is obvious from the above
equations, the dark matter fields linearly evolve as
long as the amplitudes of the perturbations are
much smaller than unity, i.e. |9,|=v,/< 1 in units of
¢ =1 for speed of light. Once the nonlinear terms
0,0, and (v,, - V)v,, become non-negligible compared
to the linear terms as time goes by, however, the

dark matter fields enter into the nonlinear regime.
The nonlinear evolution induces a mode coupling
between different Fourier modes, leading to a
complex evolution of the dark matter fields. Thus,
even if the initial fields are Gaussian, the nonlinearity
of gravity induces non-Gaussian features in the
spatial distribution of dark matter. The degrees of
non-Gaussianity become greater at smaller scales
and at lower redshift.

Thus, the power spectrum no longer describes the
full information of dark matter distribution in the
late-time universe. In fact, N-body simulation based
studies for the CDM model, as illustrated in Fig. 2,
have shown that the all n-point correlation functions
of the dark matter distribution generally become
non-vanishing.

Having described the non-Gaussian features
of large-scale structure, one question arises. As
described in the previous sections, the power
spectrum describes the full information contained
in the linear, Gaussian fluctuation field in the
early universe, which gives the initial conditions of
structure formation. On the other hand, the dark
matter fluctuation field displays non-Gaussian
features, and has non-vanishing values for all
higher-order correlation functions beyond the
power spectrum. Since we cannot extract any
extra information beyond the initial conditions in
analogy to the second law of thermodynamics,
we can consider that some of the initial Gaussian

Feature



100 —

« Simulation

Cumulative information content: /(</x)

10 1 1 IR 1 1 T N B A

100 1000 10+
maximum multipole: /max

information leak into the higher-order correlation
functions as a consequence of the nonlinear
structure formation. Namely, the question is

e Can we recover the initial Gaussian information
content from the present-day dark matter
distribution by combining the statistical
guantities?

This is indeed an unresolved problem in the field

of cosmology. If the dynamical system is time-
reversible, we can back to the initial conditions,

and therefore should be able to recover the initial
information content from observables of the current
data (the final state). In the bottom-up CDM model
the density fluctuations at sufficiently large scales
are still in the linear regime, preserve the Gaussianity
of the initial field, and therefore we can recover the
initial information. On the other hand, the density
fluctuations at very small scales are in the strongly
nonlinear regime (|d,| > 1) and the scales may

have already lost the initial memory. For example,
consider dark matter particles that are bound in

a dark matter halo. Such particles may have a
complex orbit scattering or oscillating around the
halo center during their evolution history, so the

Figure 3. The cumulative information content contained in

the weak lensing power spectrum. The weak lensing field is
the projected field of the mass density fluctuation field along
the line-of-sight, between an observer and source galaxies at
redshift z; = 1. Here we assume Q, = 1400 sq. degrees for the
survey area. The “cumulative” information content is obtained
by summing the signal-to-noise ratio of the power spectrum
measurement (e.g., see Eq. 6) from the minimum wavenumber
lwin = 72 Up to a certain maximum wavenumber /.., as denoted
by the x-axis. The dotted curve shows the information content
if the weak lensing field is Gaussian as expected from the initial
linear fluctuation field — the maximum information content.

In this case, the information content follows a simple scaling
given by I(< ., o< 1., Q.7 The circle points show the result
obtained by using mock catalogs of the weak lensing field

that are constructed by using N-body simulations of nonlinear
large-scale structure for the CDM model as in Fig. 2. In this case
we fully take into account correlations between the power
spectra of different bins, due to the non-Gaussianity of the
weak lensing field. The solid curve shows the analytical model,
showing remarkably nice agreement with the simulations. The
dashed curve is the analytical result, if we ignore the effect of
super-survey modes on the covariance (see text for details).

snapshot information alone of the final state would
not allow us to perfectly back their distribution to
their initial positions in a time-reversible way. At

the intermediate scales, which are in the weakly
nonlinear regime, we may be able to recover “most”
of the initial information. It is still not clear, however,
to what extent we can recover the Gaussian
information from the available observables from

the scales. In fact, upcoming galaxies surveys aim at
achieving a high-precision measurement of galaxy
clustering or weak lensing observables in the weakly
nonlinear regime, in order to use the measurements
to do cosmology. Hence this question is very
important for cosmologists.

In recent years we have been addressing the
above question based on both N-body simulations
and analytical model of structure formation. Fig.

3 shows one of our results. Here, we studied

how much information the weak lensing power
spectrum in the late-time universe carries, by using
mock catalogs of weak lensing observables that
were constructed using N-body simulation outputs
of CDM structure formation. At small wavenumber
[~ 100, the weak lensing power spectrum recovers
almost all the Gaussian information. However, at the
larger wavenumber 12 a few 100, the information

10 Kavli IPMU News No.26 June 2014



content of the power spectrum is significantly
reduced compared to the Gaussian information,
more than a factor of 2 at / ~ 1000, from around
which multipoles we expect to extract most useful
cosmological simulation for upcoming surveys such
as HSC. Thus the plot clearly shows that the power
spectrum alone cannot extract all the information
contained in the weak lensing field, and more
than half of the Gaussian information has gone
somewhere! We have indeed found in other work
that the 3-point correlation function does add the
information. However, the combined information
of the 2- and 3-point correlation functions is not
still as sufficient as the initial Gaussian information.
This implies that the 4-point correlation function

is important, which is even more complicated to
measure.

Through these studies, we are also finding
something very interesting we did not expect. We
found that most of the information lost is caused by
Fourier modes that are comparable with or beyond
a survey region — super survey modes. Obviously
super survey modes are not observable. This super-
survey mode is regarded as a constant offset in the
mean density inside the survey region compared to
the cosmic mean (the ensemble averaged mean).
However, we cannot know whether a modulation
in the mean density is positive or negative. Suppose
that a survey region is embedded into a slightly
coherent, over-density region. In this case, the survey
region is considered as a slightly positive curvature
universe. Due to the nonlinear nature of gravity, the
positive super-survey mode becomes coupled with
all the Fourier modes inside the survey volume once
the nonlinear structure formation evolves. That is,
the time evolution of all sub-volume Fourier modes
is enhanced compared to what we naively expect.
We found that the mode-coupling between the
super-survey mode and the Fourier modes inside
the survey region causes a significant contribution
to the sample variance in the power spectrum
measurement. We then succeeded in formulating
this effect in a unified form that can be applied to

any large-scale structure probes. The solid curve

in Fig. 3 shows the analytical model prediction for
the information content including the effect of the
super-sample mode, showing a remarkably nice
agreement with the simulation results. Our finding
opens up a new and interesting possibility: if we
can properly take into account the effect of super-
survey mode when comparing the measured power
spectrum with theory, we may be able to infer the
existence of the super survey mode, which lies in
very, very large length scales, for upcoming wide-
area surveys. This is potentially very interesting, and
we are planning to further explore this effect.

5. Future Prospects

Upcoming galaxy surveys such as the SuMIRe
galaxy survey are increasingly expensive, both in
terms of time and cost. We want to attain the full
potential of these surveys in order to tackle the
most fundamental, yet profound problems such
as the nature of dark energy. In this article we
have described the hypotheses, assumptions and
procedures that are often used when measuring
statistical quantities from a cosmological data set
and then using those to estimate cosmological
parameters. The CMB experiment attained the
maximum success in terms of the extracted
information content, largely because the CMB field is
Gaussian, the simplest field. For galaxy surveys, on the
other hand, it is not yet clear which observables are
most optimal to extract the maximum information.
Given these facts, an interdisciplinary field between
cosmology and statistics will be more and more
strengthened. If you have any new idea, you should
work on this new subject!
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Our Team

M i kha i I Ka p ranov Research Field: Mathematics

Professor

My research is in the areas of algebra, algebraic
geometry and category theory. These areas are
the source of powerful conceptual tools for
understanding the concept of space in a wide sense,
from very classical to very abstract.

For example, the classical subject of hypergeometric
functions was developed (in my joint works with
.M. Gelfand and A.V. Zelevinsky) to include period
integrals of algebraic hypersurfaces in toric varieties.
This led us to the discovery of secondary polytopes,
which are combinatorial geometric objects governing
both hypergeometric functions and discriminant
polynomials in singularity theory. These concepts are
now widely used in Mirror Symmetry.

Other directions of algebraic geometry which |
am interested in (and have worked) include non-
commutative geometry (study of the neighborhood

of the commutative regime), derived and infinite-
dimensional geometry (algebro-geometric study of
spaces of formal loops and paths).

Category theory provides a unified background for
all these areas. In addition, various flavors of category
theory (triangulated categories, higher categories,
theory of operads) lead to contexts where algebraic
expressions themselves become objects with non-
trivial geometric structure, not really expressible on
a (1-dimensional) line. This additional interface of
algebra and geometry seems necessary in order to
approach truly higher-dimensional problems.

Sham|k Banerjee Research Field: Theoretical Physics

Postdoc

My main research interest is string theory and field
theory. My recent work focuses on entanglement
entropy. Entanglement entropy has applications in
many branches of physics starting from black holes
to quantum critical phenomena. It is also an emerging
tool in field theory. | am trying to develop new non-
perturbative techniques for calculating entanglement
entropy in field theory. | am also interested in
holographic, or, more precisely, AdS-CFT duality. It

gives us a host of exact results for entanglement
entropy, and one of the motivations for developing
new techniques is to explain these results from the
field theory side.
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Ch rIStOphe Bronner Research Field: Experimental Physics

Postdoc

My research focuses on the experimental study of
neutrinos, and more particularly on the phenomenon
of neutrino oscillations, where a neutrino produced
in a given flavor can be later observed to interact as
a neutrino of another flavor. This phenomenon could
also violate CP symmetry, in which case neutrinos
and anti-neutrinos would oscillate differently.

Most of my work has been done in the Tokai
to Kamioka (T2K) experiment, in which a beam of
muon neutrinos is produced in the J-PARC center
on the East coast of Japan and sent to the Super-

Yohsuke Imagi

Postdoc

Research Field: Mathematics

| am studying special Lagrangian geometry, an area
of differential geometry. For Yang-Mills instantons
in dimension 4 and pseudo-holomorphic curves, we
already have a good understanding of singularities,
and we can define a nice compactification of moduli
spaces, which is a source of interesting mathematics
and physics. One may want to do something
similar for special Lagrangian submanifolds, but
their singularities seem considerably more difficult
to analyze than those of Yang-Mills instantons
in dimension 4, or those of pseudo-holomorphic

H i ronao M iyata ke Research Field: Cosmology

Postdoc

| am interested in what the acceleration of the
Universe indicates in the context of fundamental
physics. | have been working on reconstructing the
distribution of dark matter by analyzing the weak
lensing effect on imaging data. What | would like
to accomplish at the Kavli IPMU is to measure the
matter distribution of an even larger volume through
data taken by the Hyper Suprime-Cam Survey that

Kamiokande detector in the Gifu prefecture to study
neutrino oscillations. | have been working on the
near detectors construction and operation, as well
as on analysis of T2K data to measure some of the
parameters of the PMNS model, describing neutrino
oscillations.

curves. So we have not yet achieved a “nice”
compactification of the moduli space of special
Lagrangian submanifolds. | am developing a
deep theory on “simple” singularities, using some
techniques from geometric measure theory and
Lagrangian Floer theory.

started from March 2014, and to constrain the nature
of dark energy and test gravity theory based on this
mass distribution.

Our Team



KO|Ch| Nagasa k| Research Field: Theoretical Physics

Postdoc

| was working on string theory and supersymmetric
field theories. Now | am interested in the AdS/CFT
correspondence which is thought to be a useful tool
for studying unknown properties of string theory.
Recently | was studying a certain class of operators
called non-local operators. | proposed their gravity

duals and showed complete agreement between a special gauge theory which contains defects
gauge and gravity theories. or boundaries. Using this system, | am thinking

Recently, | am considering a system consisting of of revealing relations between these non-local
D3 branes and probe D-branes. This system gives operators and brane configurations.

Natsum' Nagata Research Field: Theoretical Physics

Postdoc

My current research interest is to study the
physical observables which are sensitive to physics
beyond the Standard Model. In particular, | have
been focusing on the direct searches of dark matter,
the measurements of the electric dipole moments,
and the proton decay experiments, and developed

the method of evaluating the contribution of new in fact the most promising when the scale of new
physics to the corresponding physical quantities. Such physics, such as supersymmetry, is somewhat higher
an approach based on the precision measurements than the electroweak scale, as is suggested by the
can be complementary to the collider searches, and null result at the early stage of the LHC running.

RiO SaitOU Research Field: Cosmology

Postdoc

| aim to reveal the whole cosmic history from the
beginning to the present day or the future. People
believe that in the early universe, the universe
had experienced the accelerated expansion called
inflation, and the present universe is also accelerated
by dark energy. We must make these phenomena

clear. With this in mind, | investigated the models wave created during inflation and the effect of the
which unify the inflation and late-time acceleration. vacuum expectation value of the Higgs particle on
Now, I'm interested in the details of the gravitational the evolution of the universe.
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H|rOSh| Ta ka NO  ResearchField: Theoretical Physics

Postdoc

| am studying about the phenomenology of
neutrino and dark matter. These problems can be
explained in TeV energy scale new physics, which is
accessible by experiments in the near future. Recently,
| am interested in the production scenarios of dark
matter particles, thermal or non-thermal relics, cold
or warm, and so on. | am trying to understand these scenarios and their general behavior.

YaSUhII’O Ta kemOtO Research Field: Experimental Physics

Postdoc

How has this universe been formed? Neutrinos,
one of the elemental particles, are an important
probe for this question. Due to their extremely
small cross section, neutrinos have provided us with
direct information inside the sun or the earth. The
possibility that neutrinos are Majorana particles
further gives clear explanation of the current matter- experiments. At the Kavli IPMU, | will continue this
dominant universe. | have been studying the universe research and also | will start dark matter search using
using neutrinos in the KamLAND and KamLAND-Zen KamLAND.

Alexey TO | StOV Research Field: Astrophysics

Postdoc

The key issue around which my research interests Our Team
are constructed is a question of understanding
the mechanisms of supernova explosion and
the origin of gamma-ray bursts based on the
analysis of observational data: spectra and light
curves. Numerical modeling of non-equilibrium

radiative and hydrodynamic processes in expanding origin of extremely metal poor stars, and supernova
supernova envelopes provides me the ability to shock breakout phenomenon for mildly relativistic
study nucleosynthesis signatures in the optical ejecta. All of this helps to answer on some pressing

light curves and spectra of faint supernovae, the questions of stellar evolution and cosmology.



Round Table Talk:

Peter Goddard with Hitoshi Murayama and Hirosi Ooguri

Peter Goddard

Professor, the School of Natural Sciences, the Institute for Advanced Study

Hitoshi Murayama
Kavli IPMU Director

Hirosi Ooguri
Kavli IPMU Principal Investigator

How the Newton Institute Got Off
the Ground

Ooguri: Thank you for joining us for
this conversation today.

Goddard: It's my pleasure.

Ooguri: You were the Deputy Director
of the Newton Institute which is

now one of the leading institutes in
mathematical science in the world
and you have been responsible in
starting that institute, including the
designing and the construction of the
building.

Goddard: With other people, yes.
Ooguri: You were also the Director
of the Institute for Advanced Study
and led the expansion of programs.
You guided the institute through
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financially turbulent periods. So, |
think we have a lot to learn from
your experience. The areas you have
worked on are also quite relevant

for this institute. In fact, tomorrow,
you're going to give a colloquium
about the interdisciplinary research
between mathematics and physics—
that would be another subject that
we would like to talk about today.
Murayama: I'd love to hear about the
story of how the Newton Institute got
off the ground—how you actually
had a vision for the institute and how
you tried to bring people in.
Goddard: Well, I think that in the
middle of 1980s, | and many of my
colleagues in the UK, and particularly
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in Cambridge, realized that the
country didn’t have such institutes.
We realized that there was a growth
in such institutes because the Institute
for Advanced Study had been playing
a particular role worldwide for many
years and that had inspired various
people to start other institutes. For
example, Hirzebruch’s Institute in
Bonn is one famous example, and
the IHES (Institut des Hautes Etudes
Scientifiques) near Paris is another
that was inspired by the IAS.

Ooguri: And there is RIMS (Research
Institute for Mathematical Sciences in
Kyoto).

Goddard: So, often people who had
been at the IAS had seen there were



things that they could emulate in their
own countries—they didn’t usually
make replicas. In the United States
the MSRI (Mathematical Sciences
Research Institute) in Berkeley and
ITP (Institute for Theoretical Physics),
now the Kavli ITP, in Santa Barbara
were started. | think many of us
found that we were spending our
sabbaticals and our vacations in
these institutes because they were
very good places to go to intersect
with lots of people and to be in a
research intensive environment. But
there really wasn't any such institute
in the United Kingdom. We thought
that it was excellent that we should
go and help run a program in Santa
Barbara or take part in the workshop
in Oberwolfach (The Mathematisches
Forschungsinstitut Oberwolfach), or
what have you, but it's important to
have a two-way flow and to be able
to bring people to the UK and, of
course, to Cambridge. Some people
had already started thinking about
this in London. Michael Green was
involved, but they hadn’t managed to
get off the ground. And we saw an
opportunity in Cambridge because,
at that particular moment, we could
see that there might be resources
available in the colleges rather than
in the university, in Trinity College
and Saint John’s College, and that it
might be possible then to convince
the UK research councils to match
the resources that Cambridge

was finding for itself, to make an
international institute there. Then we
had to decide what the appropriate
scope of the institute, and what the
appropriate model of operation of
the institute should be. We felt that
the scope should be very broad and
this would help get broad support,
but also many of us thought that
the interesting areas were perhaps

preferentially where there were
crossovers between disciplines or
between sub-disciplines. Then you
had a greater added value from

an institute because you could

bring together people, who would
not normally have the time to

get together in universities, from
different disciplines. | think one of the
reasons that institutes have grown in
importance—and it was one of the
founding principles of the institute
in Princeton even back in the 1930s,
is that the modern university, and |
think this is true all over the world,
is now a busy place. It's a place in
which the academics are expected
to be entrepreneurial, not a place in
which they're expected to sit in their
offices and have the detachment to
think about fundamental questions.
They don’t, in general, have the time
to interact with their colleagues in
the next department. They're more
likely to interact with colleagues
from other disciplines when they’re
in other places, when they don't
have to go to meetings—I think
that has been one of the reasons
for the growth of institutes like

ours worldwide. We saw all those
reasons as good reasons. The idea
was that if we had a broad institute,
it would gain perhaps more support
from a wider range of colleagues
and, secondly, that it would have
the opportunity then to operate in
cross disciplinary areas: not that the
things that happened in the Newton
Institute had to be cross disciplinary,
but in each program, in comparing
one with another, one looks at what
is the added value of having this
happen in this institution.
Murayama: Who initiated this
discussion? Was it Michael Atiyah or
you or..?

Goddard: Well, there were a number

of people who initiated it. Peter
Landshoff, Martin Rees, and others.
Murayama: Oh, Martin Rees?
Goddard: Yes, Martin Rees was
involved all the way through,

and Peter Landshoff played an
important role along with me. We
did most of the donkeywork, as they
say. Then there were very skilled
mathematicians, John Coates and...
Ooguri: Is that because of the British
tradition that theoretical physicists are
regarded as part of the mathematics
department?

Goddard: It was partly that, because
the initial push for this came from
the Faculty of Mathematics which
included the Department of Applied
Mathematics and Theoretical Physics.
Oogquri: It included many of the
leading theoretical physicists like
yourself and Martin Rees.

Goddard: Yes. Then we got support
from other Faculties as well. The
dominant push came from inside

the Faculty of Mathematics. | was a
professor of theoretical physics in the
Faculty of Mathematics.

Ooguri: | have a question regarding
the scope of the institute. You
mentioned several mathematics
institutions existed before your
institute. But there are different kinds.
For example, places such as IAS and
IHES have their own strength in the
faculty. They have leading scholars in
the area, and they are the attractions.
On the other hand, the places like
MSRI have only a very lean faculty,
basically just the director, and the Round
strength of their program attracts Table
people. You chose the MSRI mode.
Goddard: Yes.

Ooguri: What has led to that kind of
choice?

Goddard: There was a discussion
among those people who were
forming the institute—and this is at



the end of the 1980s. [We started
thinking in about '88.] There were

a number of points if you look at
the taxonomy, if you like, of these
institutes, their various structural
aspects. And this is an important one.
Do you have a permanent faculty

or do you not have a permanent
faculty? There are arguments each
way. One of the issues for an institute
in particular is, “how do you gain a
body of support for it?” How do you
have a group of people who care
about it? One way, of course, is to
have leading academics be faculty
members. | think this is true of ITP in
Santa Barbara, and so on. The other
issue you have there if you have a
permanent faculty is that you could
make some wrong appointments.
Now, in fact, if you take something
like the Institute for Advanced Study,
I think it has a remarkable record of
not making wrong appointments.
Ooguri: You can’t afford to make
mistake at places like this.

Taking Risks to Do Things That
Change How People Think
Goddard: Well, I think the problem is
—the way | would say is and when |
was director at the institute | would
try to explain to trustees is the
following. Even if we make a mistake,
we’re making them extremely rarely,
and it is more important that people
do groundbreaking work. What one
has to try to get across is that we
are not trying to do quality control
here. We're not trying to be in a risk-
free environment. What is important
is that we do things that change
how people think, that we change
the nature of the subject, that we
make break throughs, if the choice is
between doing that and doing very
good research that doesn’t really
change anything.

Ooguri: That’s a difficult decision,
right? You have to take risks to do
that.

Goddard: Yes, you have to explain
to people that that is the whole
point. That it is much preferable to
have an institution in which there
might be one or two people who
are not as great as you might like,
though | don’t think this is true of the
institute, but even if it were true, that
would be better, because alongside
that there are people like Edward
Witten, Pierre Deligne, and so on,
who are completely reconfiguring
how we understand whole areas of
intellectual activity. You should be
more concerned about that than
you have nobody who falls below a
certain standard. The analogy | used
to take, it probably works in Japan
as well, is—if you want to take the
driving test, you go to the driving
school, presumably.

Murayama: In Japan, yes.

Goddard: Then all you're concerned
with is passing the test.

Murayama: Right. There is a
minimum threshold. Other than that,
you don't care.

Goddard: There’s a very precise thing
that you want. You don't care...
Murayama: You don't care whether
you take 100—yes, that's right.
Goddard: You don't want to get

a perfect score. That's not really
relevant.

Murayama: That's not necessary.
Goddard: You don’t go home and
boast to your spouse or your parents
that you have a perfect score. You
don’t go there to have your life
changed. You might expect when
you go to a university, perhaps at 18,
that your life will be changed and
that it will be a formative experience.
But that’s not the purpose of the
driving school. The purpose of the
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driving school is to have a very quality
controlled result and if you looked

at choosing between driving schools,
you'd just select the one that had the
highest passed rates, whereas—this
is the complete antithesis of this—
we're not trying to produce people
who can drive cars. We're trying to
change the way people think, and so
it doesn’t matter if there are one or
two bad results.

Ooguri: | recognize that. “I shouldn’t
make a mistake” alone is not a good
way to approach this recruitment.
Goddard: You shouldn't if you got
very few appointments. Then if you
make a mistake, that’s a real problem.
But | don’t think it's possible to have
an attitude that you're trying to avoid
risks and still really, really do dramatic
things.

Ooguri: But in the case of the
Newton Institute, you decided not to
go that way, but rather...

Goddard: Yes. There were a

number of reasons but I think the
fundamental one was really related
to the sort of model of programmatic
activity that we decided on, which
was based on, let’s say, particularly
Santa Barbara. We decided that a
permanent faculty wasn’t necessary
for this model of operation. It would
be quite expensive. It would also
arouse jealousy in the sense that

in Cambridge, by and large, nearly
everybody is teaching. If we were

to try to create positions in the
university, which were completely
free of teaching like this, or even if
ones which would in some sense be
seen as privileged in this institution,
this would arouse some opposition.

| think one of the considerations we
have to have—I don’t know whether
this applies very much in Japan;

it applies much less in the United
States | think than in the UK—is that



there is a danger when you try to
make such an institute other people,
outside Cambridge, would be jealous
because it's in Cambridge, and inside
Cambridge people might be jealous
because it was being given such
special terms.

Ooguri: | think, you can argue in
both ways. In the case of Santa
Barbara, there could be people who
are jealous, but most of the faculty
members who are not at ITP would
recognize that this is an excellent tool
to recruit people like Joe Polchinski
and Lars Bildsten.

Goddard: Of course, they had some
good people like Jim Hartle, John
Cardy and Bob Sugar and so on,
before, but | think it must be true
that the standing of Santa Barbara
as a graduate school in physics has
changed enormously.

Ooguri: For the university as a
whole, they benefited by having

this, so probably most of the people
recognize the value there.

Goddard: Yes. But, at Cambridge,

it is more difficult to get that to be
recognized, | think, because there
are already so many good things
happening.

Ooguri: So they might argue, “We
don’t need that because we are

at Cambridge and we are already
excellent”

Goddard: Some people would argue
that.

Ooguri: So it sounds like it was a
political decision.

Goddard: It was partly a political
decision, yes, and it was partly
financial. But it was a challenge to get
the resources together anyway. And
to get these resources as well, and
with these political considerations, we
decided at least to put the issue off.
Ooguri: It is functioning very well
because it's located right next to the

math department and within this
mathematics complex.

The Institute Constructed outside
the Traditional Univ. Area: The
Faculty of Math Moved There
Goddard: It is now, yes. We had to
make a decision at some point as

to whether we would try to get a
building in the middle of Cambridge.
In that case it would be a preexisting
building. We already thought that

it was very important to design

this building so as to encourage
interaction, and if we had the existing
building, it would almost certainly

be impossible to do that very well,
because it’s very expensive to rip
apart an existing building and to
reconfigure it inside.

Ooguri: Was it why you decided

to move outside of this traditional
Cambridge University area?
Goddard: That was probably the
major consideration. The second

one was that the buildings of the
faculty of the two departments
(theoretical physics and applied
mathematics, and pure mathematics)
were overcrowded, so that we were
inhibited in doing new things or even
having very many visitors in comfort
because every space was already
over-occupied.

Ooguri: | remember your previous
location at Silver Street.

Goddard: Yes.

Ooguri: That was some kind of a
factory or something like that.
Goddard: You're very discerning.

It was a book factory! It was the
building in which the University Press
actually printed the books.

Ooguri: So then, it’s interesting that
the institute was constructed outside
and the math department followed it
and moved to that location.
Goddard: What we perceived was

that if we put it in the center, the
departments might have to move
anyway, at some point, and that
probably we should force the

issue. Then fortuitously, my college,
St. John’s College, had a field of
seven acres available. It had been
reserved for the expansion of one

of the colleges that was further out,
Girton College, to come more into
Cambridge. It had been kept empty
for a few decades actually when it
might have been developed. It was
earmarked for college or university
purposes so that when we talked
inside the college about whether the
college had any land that might help
with this process, the Bursar of the
college, Chris Johnson, mentioned
this particular site. We saw that
actually the whole of the faculty
would fit in this site.

Ooguri: So, you already had the
vision of eventually building this
mathematics complex there.
Goddard: We thought it would
probably take more years. But as
soon as the institute was opened
and | was there running it day to day
for Michael Atiyah, we felt that one
mile from the old faculty buildings
was a real disadvantage. People
would not just pop over to go to the
talks, and then they wouldn't feel so
supportive or get so much value from
it. In some sense actually a mile is a
very bad distance because somebody
will make a special effort to go to
London but they don’t necessarily
make a special effort to go a mile. So
we decided that, very soon after we
opened the Newton Institute, that we
should seek to move the faculty next
to the..

Ooguri: And you succeeded in doing
that.

Goddard: Yes. Then we had to raise
money. So, Peter Landshoff and |,

Round
Table



with help from people like Martin
Rees, set about raising the money
funding those buildings.

Murayama: It’s a

doubly expensive

proposal to do

that, right? You

started a new

institute and at

the same time were working to move
the mathematics faculty.

Goddard: But we had already started
the institute. So the fundraising then
was for these new buildings.
Murayama: | see.

The Institute’s Building Designed
to Promote Highly Interactive
Activities

Ooguri: Now, since

we are talking

about buildings, |

want to ask you

this. When | first

went to the

institute, | immediately fell in love
with the building. It really worked
like a dream. You have the central
interaction area and you come

out and you're in the middle of
discussion. But if you want to focus
on your research, you can just retire
to your office. It's very well thought
out, and it works very well.
Goddard: Thank you.

Ooguri: It has been subsequently
emulated by many institutions,
including this one. What was the
process of coming up with this kind
of design?

Goddard: We wrote a brief for
architects. We listed all the things we
felt we needed, what were important
to try to achieve. And, in particular,
we explained that we needed to
encourage interaction. | should say
there was one prior aspect to this.
You said that there are different
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sorts of institutes in which different
things happen and you distinguished
whether there was faculty or not, but
along with that also goes whether
you're bringing people there to
interact or whether you're bringing
people there to do their own thing.
At the institute in Princeton, basically
people do their own thing though
some schools are more interactive
than others. Natural Sciences is

more interactive perhaps than, say,
Historical Studies, and Social Science
is a bit more interactive perhaps than
Historical Studies. It just depends on
the style of the particular school, but
the institute can accommodate those
differences of style. If you go into
IHES, it's more like IAS, in terms of
people sitting in their offices. But we
decided—so it was a choice—that
we should have activities going on
at the Newton Institute that would
be highly interactive. There would be
programs and we would specifically
tell people that you're not meant to
come here and write your book or
your paper. You're coming here to
discuss. As you say, you must have
the opportunity to go to your private
room and work out your calculations
if you want, but there will be a
tendency to interact. We put all of
these into the brief..

Ooguri: So, that probably also

has to do with the focus on
interdisciplinarity that was already
there from the beginning of the idea
of the institute.

Goddard: Yes, exactly, to bring
together people who weren’t
normally talking to one

another. We wrote down a whole
series of considerations about this
and then we selected with the help
of the central university authorities,
a number of architectural firms—
maybe four. We got these firms
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together for a day and we showed
them the existing departments. We
talked about what was happening
there that we wanted to happen in a
new place, what was not happening
well there, and we spent the whole
day talking to them about the issues.
We gave them a formal document
as well. Then we asked them to
come back in a month, and each to
make a presentation for an hour or
two to us about how they would
tackle what we were after. The firm
that won came with a model and
the model was conceptually very

like the institute that you came to. It
had a central mezzanine floor and it
emphasized the fact that you would
know what was going on in the
building. One way | think about this is
that people’s experience of buildings
has a characteristic timescale that
depends on what you're doing there.
If you come to be a student in the
mathematics complex in Cambridge,
your experience there ison a
timescale of 2, 3, and 4 years. If you're
a faculty member, it's ten years. Now,
if you're coming to this institute, the
timescale is 2 to 3 months. And that
effects how your experience of the
building should be. For example, if
you're coming somewhere for 2 or

3 years, you can spend time learning
how to get around the building.
Ooguri: It should be more intuitive if
you only have a short time.
Goddard: Yes, exactly. It should be
immediate. If somebody takes you on
ten-minute tour of the building, you
will already know it. That goes along
with the interactivity because you can
see everything that’s happening in
that building once somebody shows
you around and takes you to your
office. You've already seen where the
coffee is, you can see into the two
seminar rooms, you can see where



the library is. Now, the mathematics
faculty buildings are built next door
—they’re built more on a three-year
timescale, and you'll take some time
to learn all the nooks and crannies.
It's not so transparent. It's also the
case that at Newton Institute, if you
go to your office, there’s basically
only one way you can do that, and
that way involves going through the
central area, whereas in the faculty
buildings, you can get to your office
in one of a number of ways.
Ooguri: Sometimes you may want to
do that.

Goddard: You

can either walk

through the main

concourse and

advertise your

presence ... you

know, like in Italy, they have this
practice in the evening in the cities
of walking through the streets,
families walk through the streets in
Florence or in Siena, and advertise
their presence to see people and so
the Newton Institute makes you do
that. | don’t know if | already told you
the story about Vladimir Arnold. He
was a very lively character. He was

a member of the first program and
after a while, he stopped me and

he said, “You know this building is
terrible for my health.” | said “What's
wrong? Nobody is complaining.”

He said, “Well, you see, | come in
here, | have a cup of coffee and
then after an hour, | need to go to
the men’s room. So | go out of my
door, I go to the men’s room, and
immediately somebody stops me and
then | manage to get past them and
then somebody else talks to me and
eventually there is going to be some
terrible problem.”

Ooguri: Yes. My experience was

like that, and it was very intuitive

and so it would naturally be in the
middle of a discussion when | go
out of the office. Also, | like some of
the playful elements of the building
such as having a small blackboard

in the elevator. | remember when |
was there, somebody wrote, “I found
a remarkable proof of the Fermat’s
Last Theorem, but the elevator ride is
too short to write it.” And, of course,
it was soon afterwards that the
proof was actually announced at the
Newton Institute.

Goddard: Only one year afterward.
Somebody wrote that very early.
Ooguri: So the remarkable proof was
almost there.

Goddard: Yes.

One Should Have an Idea of
Timescale for an Academic Institute
Ooguri: You were the deputy director
of the institute. For how many years?
Goddard: For three years, formally.
For one year before that | was doing
it in practice. So, | was really looking
after it for two years before it opened
and then two years after. | decided
after a year of its operating, it would
actually be good to leave after two
years and let somebody else continue.
If you start something like that, your
experience may be different, but mine
was that it's probably good for the
person who starts it not to continue
too long because it’s like you have a
parental relationship and it's good to
let go.

Ooguri: At some point, you have to
let go of your kids.

Goddard: Yes, | think so. Since

I had been dealing with all the
practicalities, many of the things
started as a file on my desk in my
academic office, and now there was
the whole building, and so on, and |
just felt it would actually be good to
step away. | actually planned then to

go on sabbatical to IHES.
Ooguri: Just to be intentionally away
from the institute.
Goddard: Yes, for the next year. But
then my colleagues in my college
elected me master of the college so
that thwarted my ambition to get
away.
Ooguri: So, what's your view of the
institute now? Has it turned out
in exactly the way you anticipated
it would be, or were there any
surprises?
Goddard: | went back there for the
20th anniversary. We had a short
meeting and they asked me to
give a talk, so I surveyed what had
happened, and | felt very content
about the model. At the start, |
thought that you should have an
idea of timescale for the institute—
at least that particular institute, and
Peter Landshoff and | and the others
felt confident that what this model of
the Santa Barbara and MSRI type of
interactions, which had really become
much more prevalent in the previous
20 years, | would say, would be a very
good model for the next 20 years—
50 years, perhaps, who knows? But
at least 20 years. Let’s think that this
place would exist for 20 years and it
should function well for that period,
and after that one could revise one’s
view, and so you acquire permanent
fixtures, etc, thinking about that
timescale. And so, after 20 years was
a good point to review it since it had
reached that point and | think now
they still think a 20 years™ horizon Round
is a good horizon and are striving Table
to get more endowment. | think it’s
approaching £10 million. It really
needs at least £20 million together
with grant income, too. But | think it's
made valuable contributions. So, I'm
pleased that it worked.

(to be continued)
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Interview

with Freeman Dyson

Interviewer: Masataka Fukugita

Freeman Dyson visited the Kavli IPMU at Kashiwa
from 15th to 19th of April, 2014, and at Kamioka
from 20th to 22nd. Masataka Fukugita organized
a special Q&A session with Freeman Dyson on 17th
of April for 4 hours. This document excerpts this
session, supplemented by an additional interview
on 18th and another Q&A session held at Kamioka

on 22nd.

Fukugita: You were
educated at the
Winchester College. Would
you tell us about this
legendary college?

Dyson: Winchester

College was founded 650
years ago by William of
Wykeham, a Bishop of

the Catholic Church and

Freeman Dyson was educated
from 12 to 17 years of age at
Winchester College, a famous
elite high school of England. He
then went to the mathematics
department of Cambridge University,
where he was supervised by Abram
Samoilovitch Besicovitch. Afterwards
he worked for the Royal Air Force,
while WWII was raging. A year
after the war ended he returned to
Cambridge, and gradually switched
to theoretical physics. He then went
to Cornell University and worked
under Hans Bethe. He visited the
Institute for Advanced Study in 1948,
where his great work for QED was
completed. Quantum field theory
we learn today is the formulation
thanks to Dyson. His work serves as
the best example of a mathematical
mind clearing up the mess of physics
to create a beautiful theory. He
was appointed as a professor at
Cornell University in 1951, and then
invited as a professor in the School
of Mathematics of the Institute for

Advanced Study in Princeton in 1953,

where he served as a professor (now

Kavli IPMU News No.26 June 2014

an advisor to the King.
William of Wykeham was
a capable administrator.
He founded 6 foundations,
including New College

in Oxford. Students

are allowed to enter
Winchester College at

age 12 after a tough, very
competitive competition.

as a professor emeritus) for 60 years.
He has just passed 90 years of age,
but still actively engaged in science.

During his long research life he
has worked on an amazing variety
of subjects, often two or more
subjects at the same time. Starting
with number theory, the subjects he
worked on include:

Quantum electrodynamics —
foundations of quantum field theory;
Statistical mechanics and solid-

state physics;

Random matrices;

Stability of matter;

Adaptive optics;

Nuclear engineering, nuclear
power as space propulsion;

Model for the origin of life;

Time variation of the physical
constants;

Carbon dioxide problem,
and also some others.

Now he is working on game
theory, prisoner’s dilemma, besides
graviton detection, which was
presented in his colloquia on the
16th of April at Kashiwa and on the
21st at Kamioka.



The exam is for ten
subjects, including Latin
and Greek. There were
two for mathematics, one
pure math and the other
applied math. The exam
also includes a modern
language. My father was a
teacher at this college, so

| was already familiar with
it as a college brat from
the age of 3. The number
of students is 70, 15 each
year, boys only. This has
not been changed until
now. The college is still
flourishing the same way
as in the old days. I still visit
it frequently.

The graduates are not
necessarily academic; some
become bankers and some
go to government offices.
England is a very class
divided society, commercial
middle class for business
people and academic
middle class including
university and government
people, and there is an
antagonism between
them. We, the academic
middle class, considered
ourselves the top students
in the school and looked
down on the others. That
tradition was intact, until
Margaret Thatcher took
her revenge, putting the
commercial middle class
firmly in power.

We lived in the same
building originally built in
the 14th century. It has
thick walls, cool in summer
and warm in winter. It is
comfortable to live there,
not much need for heating

or cooling. Education is
carried on in a very free
style. In the top form we
were in class only for

7 hours a week. So we
found ample time to learn
whatever we wanted.
Fukugita: Have you
decided to be a
mathematician from

the time of Winchester
College?

Dyson: No. | was much
younger. Mathematics
was born in me. | loved
numbers and very much
enjoyed calculating from
the time | was around

3 years old. This is the
same as with musicians
who start playing piano
at age 3. It is the same
for mathematics. | knew
that mathematics was
what | can do best. | was
already determined to be
a mathematician when |
entered the College at age
12.

In the college | found
“Cours d’Analyse” by
Camille Jordan in the
library. It consists of 3 fat
volumes, containing the
whole of 19th century
mathematics. It is a classic
work, written around 1900
and used in Ecole Normale
in France as a text book.
It was a miracle that this
book was in the library.

Masataka Fukugita is professor

at the Kavli IPMU. He served as a
principal investigator at IPMU from
October 2007 to March 2012. He is
also a part-time member of School
of Natural Science of the Institute
for Advanced Study in Princeton
since 1988. So, he has got along
with Freeman Dyson over 25 years.
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My fellow classmate James
Lighthill, who became a
famous mathematician,
discovered this book in the
library, and we both read
and talked about it.

G.H. Hardy was
already an old man in
Cambridge and the most
famous mathematician
in England. He had been
at Winchester College as
a boy 40 years earlier. In
his autobiography “Cours
d'Analyse” appears, and
| strongly suspect that
it was he who brought
this book to Winchester
College. | cannot imagine
anybody else bringing
it. Unfortunately, | never
asked him about this.
Fukugita: Then you went
to Cambridge?

Dyson: In 1941 | came to
Cambridge. | entered the
mathematics department.
Mathematics and

physics were separate
departments. Physics was
then still called Natural
Philosophy. Mathematics
was considered by the
physicists to be a French
disease.

It was in the middle of
the war. There were very
few students in the class.
The others were fighting
the war. Lectures were
given by Hardy, John
E. Littlewood, Abram
Samoilovitch Besicovitch,
but students were only
a few. We did not sit in
class-rooms but sat around
small tables with a few
students and one teacher.
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It was a very lucky time to
be a student.

| was a student of
Besicovitch, expert on
measure theory. He came
from Russia, spoke English
with a very strong Russian
accent. Besicovitch gave
me problems to work on. |

liked the Russian language,

so we spoke in Russian.
We often went for long
walks in Cambridge, and
while doing so were not
allowed to speak English.
I was influenced by the
Besicovitch style: it is
architecture. Besicovitch
had the ability to build
beautiful structures from
simple components,
which were used in his
mathematical proofs. |
have used the same style
for my calculations in
physics.

After Rutherford died
in 1937 physics was at a
low ebb in Cambridge. In
physics, the only professor
was Dirac. Dirac did not
interact with anybody.
Eddington was also there,
he was an astronomer.
We did not count him as a
physicist.

At the time | was there,
Lawrence Bragg was in
charge of the physics
department. He succeeded
Rutherford. Bragg said:
“Rutherford was the best
physicist in the world and
I am not: so we should
do something else”. It
was amazing wisdom. He
made a quite astonishing
decision, not to do physics

but to do two new subjects
instead: molecular biology
and radio astronomy.

Martin Ryle brought
military radar equipment
and started receiving
signals from the sky. For
radio-astronomy, English
weather doesn’t matter,
whether it is cloudy or
raining. He immediately
made great discoveries.
In the molecular biology
group Max Perutz and
John Kendrew became
leaders. Both were
enormously successful and
Cambridge became the
world leader in both the
two subjects introduced by
Bragg.

After two years at
Cambridge, | worked
for the Royal Air Force
(1943-1945). It was a
grim time of the war. |
was a civilian scientist
at the headquarters of
RAF Bomber Command,
collecting information
about the strategic
bombing of Germany.
After the bombing of
Germany stopped in April
1945, we still had a huge
bomber force. | would
have flown to Okinawa,
in order to bomb Japan
from there, but the war
ended in August; so we
did not need to bomb
any more. It was a great
relief. We did not need
to kill more people. We
were very grateful to the
atomic bombs for ending
the war. At that time
everybody thought that
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this was the cause of the
Japanese surrender, and
so we were told. | recently
read the book by historian
Hasegawa who claims that
the real reason for the
surrender of Japan was
not the atomic bombs but
the invasion of the Soviet
army from the north. Japan
could not defend against
Russians from the north
and Americans from the
south. So the Japanese
generals thought that it
was better to surrender to
Americans, while keeping
Russians out, using the
atomic bomb as an excuse
for their dishonorable
surrender. Now | agree
with Hasegawa and wish
that we had not dropped
the bomb on Hiroshima.
The bomb was not as
important as we believed.
Fukugita: Cambridge

is the great place for
mathematical physics, with
Newton, Maxwell and
Dirac. You were following
in their footsteps. Why is
Cambridge so successful?
Dyson: The image is
presented to school
children that each country
is good at one special
thing: music in Germany,
painting in France, and in
England it is science. This
provokes gifted young
children in England to go
to Cambridge and become
scientists. The tendency
was enhanced by the
famous Tripos exams in
Cambridge.

Fukugita: What did bring



you from mathematics to
physics?
Dyson: We saw the
news on the day when
Hiroshima was bombed:
it did not say ‘Hiroshima
was attacked’, but said
‘New force of nature
harnessed'. It meant that
new science had emerged.
I did not want to use the
bomb, but wanted to use
knowledge that came
out of the bomb. Nuclear
physics became suddenly
a fashionable subject, and
it gave a motivation to
learn physics. Quantum
mechanics was still new
and exciting. General
relativity was also exciting.
Many things were going
on in physics. | then started
to study Heitler's book,
“The Quantum Theory of
Radiation”. Two years later
there was a miracle, the
experiment of Willis Lamb
at Columbia University
measuring the energy
levels of hydrogen atoms.
| went back to
Cambridge to study
physics. Nicholas Kemmer
was my teacher, from
whom [ learned quantum
field theory. | wanted to
go to the United States.
Geoffrey Taylor, a great
hydrodynamics expert
who had worked at Los
Alamos, immediately
said that | should go to
Cornell, where Hans Bethe
and the young bright
physicists from Los Alamos
were all working. | had
no idea about Cornell,

but I went to Cornell

and worked under Bethe.
When | came to Cornell in
September 1947, | knew
the Columbia experiment
finding a 1050 megacycle
shift between 2P and 2S
states of hydrogen. The
old quantum mechanics of
Dirac was wrong. | knew
that Bethe had beautifully

explained it. It was exciting.

It was exactly the right
time and the right place
for me to be. Richard
Feynman was then a

young professor at Cornell.

In early 1948
Oppenheimer received
a batch of the new
Japanese journal, Progress
of Theoretical Physics. He
copied it to Bethe and
Bethe showed it to me.
| found the Tomonaga
paper, where Tomonaga
had done everything
before we did. We also
knew the work of Hans
Kramers which appeared
a year earlier, as a paper
to be presented at the
1948 Solvay Conference,
explaining the idea of
renormalisation.

| remember, when |
visited Berkeley in 1948,
| was impressed by the
chemist Melvin Calvin. He
used for the first time a
short-lived carbon radio-
isotope to understand
photosynthesis, how
carbon dioxide is absorbed
and converted into sugar,
by tracing the move
of carbon atoms from
molecule to molecule

in a few seconds. How
chemistry was going on
second by second. It was
the first application of
nuclear physics to biology,
and since that time biology
evolved fast with the use
of radioactive tracers.
Oppenheimer said that
the application of nuclear
physics to biology was
more important than the
bomb.

Fukugita: How was the
Institute in Princeton at
that time?

Dyson: When | came to
Princeton, Einstein was
there. | think it was a bad
mistake for him to come
to Princeton. When he
came he had two choices,
either Caltech or Princeton.
He chose the latter since
in Caltech he had to teach.
In Princeton he did not
need to teach, so he lost
contact with students.

As a professor in the old
German style, he had an
assistant who was his
personal slave. In my time,
Einstein’s last assistant
was Bruria Kaufman,

who herself is a good
physicist. Kaufman said to
me that being Einstein’s
assistant looks very good
on a resumé but in fact
was a boring job. All she
had to do was routine
calculations.

There were many young
fellows around Einstein,
doing new science in the
adjoining building. Einstein
was never interested in
what we were doing and

never spoke to us. He
never came to seminars,
never to lunch. So there
was zero communication
between him and the
young members of the
Institute. | think it was
mainly his fault, although
partly ours. We were
young and arrogant, and
we didn’t think we had
much to learn from him.
Fukugita: Have you ever
talked to Einstein?
Dyson: No, never!

He loved children, and
certainly got along very
well with them.

Einstein’s long-term
secretary Helene Dukas
was a good, able woman,
and a fierce protector
of Einstein’s privacy and
private affairs. We were
friendly with her. After
Einstein’s death she
often came to our house.
My children adopted
her as their substitute
grandmother. One rainy
night, a truck came to the
Institute, and took away
all the Einstein papers
that she had collected
and cared for. The papers
were on their way to
the Hebrew University in
Jerusalem, as Einstein had
directed in his will. A few
days after this, Helene
passed away.

Bohr often came to
the Institute. He was
completely different from
Einstein. He was very
much interested in new
experiments. He came to
our seminars, had lunch
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with us, and talked to
young people. He was then
working as a diplomat,
representing Denmark
at the United Nations in
New York, campaigning
for international control of
nuclear power and nuclear
weapons. But he kept up
his interest in new physics.
Tomonaga also came to
Princeton. | liked him very
much. Unfortunately, he
arrived in the week | left
Princeton. So | had only
a short time to talk to
him. He was an extremely
unselfish person. He
had done much of what
Schwinger and Feynman
did, five years earlier,
but he never said so.
Tomonaga felt guilty as he
was not sharing the great
hardships his students
were suffering in Tokyo.
He felt bad to be in the
comfortable environment
of Princeton, so he took an
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early chance to go back to
Japan.
Fukugita: How was
Wolfgang Pauli?
Dyson: Pauli left the
Institute before | came to
Princeton. He was at the
Institute all the time during
the war. He was close
to Einstein and enjoyed
talking to him. He was,
however, isolated and quite
unhappy at the Institute.
He settled in Switzerland
after the war, and finally
got citizenship, which had
been refused when he
lived in Switzerland before
the war. He didn’t come
back to Princeton.

| got to know him in
Switzerland in 1951. Pauli
had a big psychological
problem. Fortunately, it
was one of the rare times
when he was very happy,
disobeying the order of
doctors and his wife. We
had a very good friendship.

He was in a relaxed state.
We went out to walk
every day and talked a lot
about physics. We called
at all the ice-cream places
along the way, because
his doctor had forbidden
him to eat ice-cream. He
understood all the results
from on-going high energy
physics, where cosmic

ray experiments were

the cutting edge at that
time. | was working on
the convergence of the
perturbation expansion in
guantum electrodynamics.
Pauli maintained that

it is divergent. | tried to
convince him that the
series converges, but he
did not agree. After all, we
know now that he was
correct. | was not unhappy,
as | could write a paper
on the divergence of the
series, thanking Pauli for
his help.

Fukugita: And, Dirac?
Dyson: Dirac quite often
came to Princeton. He
changed his character,
from a silent young man
difficult to approach, to

a talkative, friendly old
man with a big sense of
humor. Like Einstein, he
stuck to theories of his
own preference, the large
number hypothesis which
turned out not to work,
and the negative metric
field theory which | never
understood. When he was
old, he seemed to have lost
his intuitive ability to guess
what is right or wrong. He
became more and more
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a normal person. Much
nonsense has been written
about him. He was not an
outstandingly strange man.
He was an outstandingly
intelligent man.
Fukugita: | think Heisenbeg
did not come to Princeton?
Dyson: Heisenberg did
not visit the Institute, but
he visited Einstein once.
It is recorded in the diary
of Johanna Fantova. She
was an Austrian Jew,
whose family had been
acquainted with Einstein
in 1912 while he was
working at the German
University in Prague. She
became a friend of Einstein
20 years later in Berlin,
organising his personal
collection of books, sailing
a boat with him on a lake,
and 20 years later again in
Princeton. In Princeton she
took a course to qualify
for a job as a librarian,
following the advice of
Einstein, and worked at
the University Library. They
sailed on Carnegie Lake.
She kept a diary which was
recently published. From
this diary we can glimpse
Einstein’s life in Princeton.
In it Heisenberg’s and
Bohr's visits to Einstein
appear. Neither of them
made a good impression.
Heisenberg was still a big
Nazi, dreaming of a greater
Germany. Bohr would not
stop talking until Einstein
was totally exhausted.
Heisenberg, too, was
devoted to his personal
theory, spinor field theory,



in his late years. He
required his assistant to
work on that. The assistant
that | knew was Hans-Peter
Durr. His career was ruined
by this work. Heisenberg
did not give up spinor field
theory until his death.
Fukugita: Have you

got any impressions of
Japanese scientists, other
than Tomonaga, who came
to Princeton?

Dyson: Yukawa came to
Princeton, but he was not
doing physics. He came to
Princeton as a politician,
perhaps as a symbol of
Japanese science. He
worked for public relations
or as a diplomat and made
a public appearance at the
United Nations. | saw him a
few times but never talked
to him about physics.

Taro Asano was a young
mathematical physicist
from Tokyo. | had invited
him to the Institute. He
had done a beautiful
piece of work on quantum
ferromagnets. He was
isolated, he was shy, he
had no friend to talk to,
and did not speak much
to colleagues. Possibly
the language was a
problem. Towards summer
he got depressed and
disappeared. After the
term ended, he drove his
car at a crazy speed up
Springdale Road, crashed
head-on with a heavy
car and killed himself. |
was very sorry for this. |
escorted his wife, Sachiko,
back to Japan, carrying his

ashes. This was incidentally
my first landing in Japan,
although I didn't go out
from the airport.

Fukugita: This reminds me
of the episode of Yutaka
Taniyama, who was invited
by André Weil to the
Institute, but committed
suicide before he came

to the Institute, and his
fiancée followed him.
Dyson: André Weil was

the most friendly person.
He would have cared for
him if he had come to
Princeton. When | visited
Chicago as a young
student, Weil took me out
for a long walk of three
hours, and talked about
many things. He had a
reputation for being fierce,
but | never saw him fierce.
Maybe he had two sides.
Fukugita: Was there any
impact from the work of
Yang and Mills?

Dyson: Yang did this work
with Mills at Brookhaven in
summer. At that time | was
not working on particle
physics, but on random
matrices. | think that Yang’s
motivation was to make

a gauge theory of isospin,
rather than to make gauge
theories a central feature
of the universe. Pauli was
at Princeton at the time. He
was very negative because
Yang's gauge field was
massless. Pauli thought
that it had nothing to do
with nature and was not
interesting. His opinion
had a big effect on people
including Yang himself.

Fukugita: How about
contacts with legendary
mathematicians, such as
Hermann Weyl, Johann
von Neumann, Carl Siegel?
Dyson: Shortly after | came
to Princeton, Hermann
Weyl and Carl Siegel left
to ZUrich and Germany,
respectively. Siegel

knew me, because | had
strengthened his theorem
about the approximation
of algebraic numbers

by rationals. Hermann
Weyl somehow knew me
too, and helped to get

me hired as an Institute
professor. Soon after |
came to the Institute as a
professor, they had already
gone. So | had not much
contact with these people.
The only one | knew well
was Johann von Neumann
who stayed longer. He
was enthusiastically
working on the electronic
computer project. | was

much interested in it, but
the majority of people

at the Institute were not.
Oppenheimer was not
interested in it. | was one
of the few who tried to
keep the project alive after
von Neumann left.

The meteorologist Jule
Charney came to Princeton
and ran climate models
with von Neumann'’s
computer. When the
computer project ended,
Charney left. This was a
great opportunity missed.
The Institute could have
been the centre of two
new sciences, climate
studies and computer
science, in the same
way that Cambridge
became the centre of
molecular biology and
radio astronomy under
the leadership of Bragag. |
proposed that Charney be
employed as a professor
at the Institute, saving the
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computer programme, but
my efforts failed miserably.
Oppenheimer did not
show any interest.

The computer project
went briefly to Princeton
University before it was
dropped a year or so after
von Neumann left. Twenty
years later, computer
science was centred at
MIT and IBM, and climate
science was centred in
UCLA and in Norway. | feel
sorry for this. The dropping
of the Institute computer
project probably delayed
the growth of the two new
sciences by twenty years.
Fukugita: How about
Oppenheimer?

Dyson: Robert
Oppenheimer was a
complicated character.
With Hartland Snyder,

he did his most

important scientific work
understanding black holes.
They showed that every
massive object, with zero
internal pressure, will enter
a state of permanent free
fall, as a consequence of
Einstein’s equations. They
predicted the existence

of black holes in any
universe obeying Einstein’s
equations. You don’t need
any new physics. Just
Einstein’s theory is good
enough. It is a wonderful
paper. This work appeared
in the 1 September 1939
issue of Physical Review.
The paper appeared at

a bad time, on the day
that Hitler invaded Poland
and started World War II.
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Nobody paid attention to
it.

Einstein never believed
in black holes. He not only
didn’t believe in them, but
also wrote a paper claiming
that black holes could not
exist. Oppenheimer, too,
never revisited this subject.
He refused to talk about
black holes, even after
candidate black holes were
discovered in the sky. |
tried to talk about it with
him and to explain to him
why it is interesting, but
he always changed the
subject. | did not know
why. The father and the
grandfather of the black
hole did not like their son.

| would mention two
important people of genius
that Oppenheimer failed
to recognise. One is Fritz
Zwicky, who had many
wonderful new ideas. He
was an astronomer who
discovered dark matter
and the two main types of
supernova, and predicted
neutron stars. He is now
recognised, but had never
been recognised while he
was alive. Oppenheimer
never spoke to him while
both were at Caltech.
Einstein visited Caltech,
but he wasn't interested
in him, and never spoke
to him. I have never met
Zwicky. The other is John
Wheeler. He is also poorly
recognised. Oppenheimer
disliked him strongly.
Unlike Zwicky, he was
not a difficult person. He
had a large number of

students and was very
generous to them. He gave
Feynman full credit for
work on problems that he
had suggested. He was an
extreme patriot, very right
wing, a 150% American,
politically opposite to
Oppenheimer. Wheeler
was a big protagonist of
black holes. This might
possibly be the reason why
Oppenheimer did not like
to talk about black holes.
Oppenheimer disliked
talking to him. Both Zwicky
and Wheeler deserve a
better recognition.
Fukugita: What is the
biggest surprise you
experienced in your
research life?

Dyson: The discovery of
weak vector bosons. |

had not taken the theory
of Weinberg and Salam
seriously, and | had a
personal theory of weak
interactions. So the
discovery of the vector
bosons was a surprise to
me. The discovery was so
beautiful that it made me
happy to be proved wrong.
Fukugita: What do you
think of the relation
between mathematics and
physics as a mathematical
physicist?

Dyson: The real gap was
between pure mathematics
and applied mathematics.
Pure mathematicians

were talking a different
language. Bourbaki

was fashionable pure
mathematics, and | was
not very interested in it.
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| remember a talk about
“flabby sheaves”.
Somebody asked what
are flabby sheaves. The
chairman, André Weil, said
“that is already a classical
terminology and we do
not need to explain it”. |
never understood what it
was. | got to understand
fibre bundles, but |
have not gone beyond
that. Pure mathematics
had somehow become
extremely abstract. It
did not seem to me to
be a fruitful way to go.
| preferred to stay with
applied mathematics.
There seems to be no
barrier between string
theory and mathematics.
They understand each
other. There is a big
barrier between string
theory and the rest of
physics. A new trend is
good contact between
computer scientists and
mathematicians. We now
have two professors in the
School of Mathematics
working on computer
science. One of them is
Voevodsky. He is working
on the mathematical logic
of computability.
Fukugita: How do you
think about the present
status of physics? What do
you want to encourage?
Dyson: Physics has slowed
down. 60 years ago,
experiments were done in
6 months and they were
explained in 6 weeks. Now
experiments take 20 years.
Except for high energy



physics, there is still a lot
to do. Small scale science
is still flourishing. Particle
physics is a special case.
Even in particle physics, a
small experiment, such as
the measurement of the
electric dipole moment of
the electron by Gabrielse
at Harvard, is an example
on the frontier and has a
chance to find something
new.

Progress in astronomy
is great. Twenty years
ago, we knew only a tiny
part of the Universe, only
out to redshift 0.2. Now
this horizon has been
enormously extended.
We can see and explore
the Universe all the way
back to the Big Bang.
Astronomy can do a lot
of important science with
small instruments, both on
the ground and in space.
Kepler is a small satellite,
but enormously successful.
The BICEP2 microwave
anisotropy experiment
at the South Pole is not
expensive and is equally
successful. Politics focuses
attention on big science,
and big science also gets
too much attention from
the media. | want to
encourage studies in as
wide a field as possible.
Especially in astronomy,
there are so many
things to explore. Zwicky
emphasized the advantage
of single-purpose
instruments. Kepler is a
beautiful example. We can
still find others.

Fukugita: How about
particle physics?
Dyson: | have a critical
view of LHC. Every event
is complicated with an
enormous background
of uninteresting particles.
Software must be written
specifically to pick out
what is looked for. You
can discover only what you
expected. Every discovery
is predictable. The LHC
cannot make unexpected
discoveries. The accelerator
still uses radio-frequency
acceleration, with the
electric voltage per unit
length the same as it was
half a century earlier.
Ordinary lasers have
electric fields 1000 times
higher. The use of laser
fields for acceleration
must be studied. Bigger
accelerators using the
same acceleration principle
are not a good way to go.
There are several ways
we can go for particle
physics. Underground
detectors have a good
future. They can detect
everything that happens.
Two countries, Japan
and Canada, with good
scientists and not too
much money, lead the
world in the use of
underground detectors.
Their projects are more
cost-effective than the
projects in America and
Europe, which invested a
large amount of money in
accelerators. Kamiokande
is a very good experiment
that has already brought

several important results.

It is always ready to detect
something unexpected.

| strongly support this
experiment and its
upgrade. They may wait for
a long time, but they have
a good chance to discover
something unexpected.

In general, experimental-
ists ought to be prepared
for something unexpected
to happen. This is also true
for theorists. They should
not stick to one thing,
but should think about
a variety of subjects. If
they get bored with one
subject, they should break
out into other subjects.
| have been doing it this
way throughout my long
research life.

String theory is beautiful.
One day it may turn out to
have something to do with
nature. String theory is
now close to mathematics,
but the gap between string
theory and the rest of
physics is very wide. String
theory does not have
enough good problems for
ten thousand people to
work on. I am not worried
about string theory in itself,
but | am concerned with
their narrow training of
students. This makes them
unemployable for jobs
other than string theory.
Changing people’s careers
every five years would
help to solve this problem.
Particle physics is not easy
to escape from. Escape
from other branches of
science is easier.

| know some people
who switched from string
theory to genomics. 95%
of genomes are not genes.
We do not understand
what these non-coding
parts of genomes are
doing. The discovery
of Human Accelerated
Regions of genomes,
where significant changes
are seen between chimps
and humans, could
motivate the start of a
new science. We must be
flexible and ready to move
into new sciences as they
emerge.

When | was young,
| carried out hard
calculations competitively.
I was not concerned with
philosophical questions.
For me, philosophy was a
branch of literature, not a
branch of science. Science
was a collection of tools
that | used for solving
problems. When | got older,
| wrote books and articles
for magazines, rather than
doing competitive science.
So my work has changed
with age.
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Climate? It takes much
too long to explain. In
short, I am skeptical
about prevailing anxieties
about climate. Oak Ridge
National Laboratory
had a very good climate
programme, started
50 years ago, before it
became fashionable.

The director was Alvin
Weinberg. He insisted that
we must understand the
real world. I worked with
him for some years. There
were a lot of biologists,
who were concerned with
soils, trees, vegetation,
microbes and all kinds

of ecology. In addition
there were physicists who
wanted to understand
climate. So, it was a well
balanced programme.

For carbon dioxide in
the atmosphere, half of
the effects are concerned
with climate and half with
ecology. Carbon dioxide is
a powerful fertiliser. It can
be a substitute for water.
The limitation is that it is
only a small fraction of
the air, while the fraction
of water vapour is usually
larger. Suppose we open a
pore in a leaf and get one
carbon dioxide molecule
to go in through the
pore. While the pore is
open, about 100 water
molecules come out. So
the leaf is evaporating
water much faster than
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it is absorbing carbon
dioxide. If more carbon
dioxide is in the air, the
process is more efficient
and evaporates less water,
encouraging plant growth.
The effect of carbon
dioxide is substantial for
biology. There is a 30%
increase of CO, in the
atmosphere compared
with the amount a
hundred years ago, and
it caused an increase in
vegetation, wild forest and
also food crops roughly
half as great, namely 15%
increase of biomass due to
30% increase of CO,. This
is not well known to the
public.

For climate, carbon
dioxide is the easy part
of the problem. There
is a huge complicated
feedback and recycling
of carbon dioxide, but it
can be measured and is
fairly well understood.
Water vapour is much
more difficult. It is more
abundant and the
greenhouse effect is
larger. Evaporation of
carbon dioxide from the
ocean is a minor effect.
Evaporation of water from
the ocean is much larger
and dominates the effect
of CO,. Water vapour is
strongly absorbing, but
also has a tendency to
condense into clouds.
This is why the problem is
difficult. Vegetation is also
a huge source of water
vapour, and so is coupled
to the circulation of water.
Evaporation of water is
crucial to the final effect.
That is why it is so hard
to calculate. If you only
have to deal with carbon
dioxide, the problem is

simple.

Carbon dioxide
causes warming of the
climate. This is a serious
concern. Unfortunately,
the United Nations set
up the committee IPCC
for studying climate.
They have written into
the definition of the
programme that they
should look at effects
of human activity on
the climate, but are not
supposed to look at
non-human effects. The
programme is highly
biased from the beginning,
and this is what | am
fighting against: | am not
simply opposing what they
are doing. The scientists
working for the United
Nations are allowed only
to look at human causes
of climate change.

Climate is a difficult
problem. Particularly,
clouds are crucial but
poorly treated. The
resolution is poor in
simulations. One takes
averages over 100 km in
global climate models,
while actual clouds require
a resolution of at most 1
km vertically and 10 km
horizontally. What the
models do is not to model
clouds but to represent
average cloudiness in a
region by fudge factors.
The present state of
understanding of climate
is poor. | don't trust the
models.

| also mention that
there was the little ice
age in the 17th century,
when the sun went to
sleep for 70 years. The
world suffered from a cold
climate. There is a strong
correlation between the
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sun and the climate. This
is totally absent in the
climate models. The sun
was active for the last 50
years, and less active in
the last 5 years. Strong
global warming lasted for
50 years, but seems to
have stopped for the last
ten years. This is a clear
observational hint, but it is
not included in the climate
models.

The world average
temperature is a
misleading concept. It is
unclear what it means.
The most intense warming
happens in very cold
places, mostly at high
latitudes. There are a lot of
unknowns in the model.

It is also not clear if
local warming is bad. In
some arctic areas, local
people are happy with
the warming. They had a
very hard life in the past,
relying on fishing in a
horrible climate. Warming
has made their life easier.
There are always winners
and losers when the
climate changes.

| am skeptical whether
models give good pictures
of reality. The real world is
much more complicated.
My conclusion is that |
do not believe the official
predictions of climate for
the next 100 years. The
models are good tools for
understanding climate but
bad tools for predicting
climate. They are good for
understanding because
they allow us to see the
effect of changing one
factor at a time. They are
bad for predicting because
they leave out a large
number of factors that
might be important.



Workshop Report

Kavli IPMU-FMSP Workshop
“Supersymmetry in Physics and Mathematics’

Toshitake Kohno

Kavli IPMU Principal Investigator

Supersymmetry is originally a notion in particle
physics describing the symmetry between two basic
classes of elementary particles: bosons, which have
an integer valued spin; and fermions, which have a
half integer valued spin. Supersymmetry is a recurring
theme in theoretical physics to find a unified
description of the fields and forces of nature. On the
other hand, supersymmetry is an interesting structure
also from the purely mathematical viewpoint, for
example, as a natural and rich generalization of
classical algebraic structures such as Lie algebras, or
as realizations via special types of spinor fields on
Riemannian or pseudo-Riemannian manifolds. The
last theme is also intimately connected with classical
and quantum field theories on curved spacetime with
supersymmetry, which have recently attracted interest
among both physicists and mathematicians.

The purpose of the workshop was to promote
interaction between physicists and mathematicians
in various aspects of supersymmetry. Among

participants, there were theoretical physicists and
mathematicians of various disciplines including the
theory of operator algebras, representation theory
and geometry. The workshop took place for 9 days
from March 10-20, 2014, at the Kavli IPMU’s Lecture
Hall. There were in principle three talks per day, and
we had a lot of time to discuss among physicists and
mathematicians.

Main subjects discussed in the workshop
were generalizations of Lie algebras and their
representations, non-commutative geometry, cyclic
cohomology, supersymmetric generalization of vertex
operators, twistor spinors, conformal analogs of
Calabi-Yau manifolds, etc.

The organizers of the workshop were Yasuyuki
Kawahigashi, Toshitake Kohno, and Stefan Hollands.
The workshop was supported by Kavli IPMU and
“Frontiers of Mathematical Sciences and Physics”
(FMSP), which is a part of the Program of Leading
Graduate Schools, MEXT Japan.
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Workshop Report

Peter Goddard Symposium

Hirosi Ooguri

Kavli IPMU Principal Investigator

Professor Peter Goddard is a
distinguished mathematical physicist.
He formulated the quantization of the
relativistic string, proved the “no ghost
theorem” of string theory, proposed the
electromagnetic duality in non-abelian
gauge theory, and provided remarkable
evidences for it, introduced and studied
a class of conformal field theory, which
has become the foundation of our
understanding of gauge symmetry in
string theory. His seminal achievements
in these areas provide important
examples for researchers at the Kavli
IPMU, who try to open new avenues
of research at the interface between
mathematics and physics.

Professor Goddard has also
contributed in creating and maintaining
environments for researchers. He played
a leading role in establishing the Isaac
Newton Institute for Mathematical
Sciences at Cambridge University,
where he was the Deputy Director. He
was the Master of St. John's College,
before becoming the eighth Director
of the Institute for Advanced Study
in Princeton. He stepped down from
the position in 2012 and is currently a
professor at the Institute.

Professor Goddard received the
Dirac Prize and Medal from the
International Center for Theoretical
Physics in Trieste and is a Fellow of
the Royal Society of London and
a Commander of the Order of the
British Empire.

Peter Goddard (left) and Hitoshi Murayama (right)
talking at the Symposium.
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Professor Goddard visited the
Kavli IPMU in March and April, 2014.
On this occasion, we organized a
one-day symposium to celebrate
his contribution in science. Some of
the faculty members and affiliated
members of the Kavli IPMU, who
were visitors of the Newton Institute
and members of the Institute for
Advanced Study under his leadership,
spoke at the symposium.

The Symposium opened with a talk
by Hitoshi Murayama, the Director of
the Kavli IPMU, on his recent work on
geometry of non-relativistic Goldstone
bosons. This work generalizes Nambu’s
work on spontaneous symmetry
breaking in nontrivial ways.

Tohru Eguchi of Rikkyo University
spoke on the Mathieu Moonshine,

a joint work with Hirosi Ooguri and
Yuiji Tachikawa of the Kavli IPMU. This
work originated from the work of
Eguchi and Ooguri, 25 years ago, with
Anne Taormina and Sung-Kil Yang. 21
years after this original work, a chance
encounter of Eguchi with Ooguri and
Tachikawa in 2010 led to a discovery
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of the remarkable connection
between K3 geometry and the largest
Mathieu group M24.

Kentaro Hori of the Kavli IPMU also
talked about his PhD thesis published
20 years ago, which turned out to
have significant implications of current
theoretical research. Yuji Tachikawa
talked about instantons and string
theory and Simeon Hellerman on
string theory of the Regge intercept.
The Symposium ended with a talk by
Peter Goddard himself on the formula
of Cachazo, He, and Yuan for Yang-
Mills tree amplitudes.

The speakers chose their topics
to fit with the range of research
activities of Peter Goddard, and there
were lively discussions during coffee
breaks and lunch. On the day after the
symposium, the Kavli IPMU recorded
a conversation of Peter Goddard with
Hitoshi Murayama and Hirosi Ooguri
on research at the interface of physics
and mathematics. Its transcript
appears in two parts (Part |, pp. 14-

21 in this issue, and Part Il in the next
issue) of the Kavli IPMU News.



Workshop Report

Workshop on “Floer and Novikov Homology,
Contact Topology and Related Topics’

Andrei V. Pajitnov

Professor at the Department of Mathematics, the University of Nantes

and Kavli IPMU Senior Visiting Scientist

This International Workshop was
held at the Kavli IPMU from April
21 to April 24, 2014. The aim of the
meeting was to bring together the
experts from different domains of
geometry and topology related to
the Floer and Novikov homology and
the contact topology. There were 13
speakers and about 50 participants in
total.

An application of the classical
algebro-topological tools to the
contact topology (namely to the
growth of the number of Reeb chords
in the cotangent bundles) was the
subject of the talk by Urs Frauenfelder
(joint with F. Schlenk), which opened
the Workshop.

The Floer theory was the subject
of the talk of Mihai Damian, who
spoke about lifted Floer cohomology,
which is a variant of Lagrangian Floer
cohomology and its application to
topology of monotone Lagrangian
submanifolds. His methods allow in
particular to show that nontrivial
connected sums of manifolds of odd
dimensions do not admit monotone
embeddings to the complex affine
space.

Kei Irie gave an estimate of Hofer-
Zehnder capacity using symplectic
homology, product structures, and
Chas-Sullivan loop product.

A generalization of the Morse-
Novikov theory to the case of ANR

spaces and continuous maps was
discussed in the talk of Dan Burghelea.
He suggested new topological
invariants related to such maps, and
computer-friendly tools to calculate
these invariants. F. Manjarrez-
Gutierrez spoke about the Morse-
Novikov number for a-small knots. A
conjecture, due to M. Boileau and C.
Weber, says that the Morse-Novikov
number for knots is additive, similarly
to the knot genus. F. Manjarrez-
Gutierrez confirmed this conjecture
for the class of a-small knots.
Classical Morse theory was
discussed in the talk of Manabu
Akaho, who presented his
construction of a Morse complex for
Morse functions on manifolds with
boundary. Tadayuki Watanabe spoke
about relations of the Morse theory
to Chern-Simons perturbation theory.
The talk of Yasha Saveliev was
dedicated to the global Fukaya category
and its applications to Hofer geometry.
Several talks were dedicated to
the contact topology. River Chiang

presented some examples of higher
dimensional non-fillable contact
manifolds. Tetsuya Ito's lecture was
about open book foliations. Otto van
Koert spoke about fractional twists in
contact topology.

S. Sandon spoke about the positive
loops of contactomorphisms. She
explained how non-squeezing
property for contact manifolds
holds or fails, and how the group of
contactomorphisms admits or does
not admit orderablity.

The conclusive talk of the Workshop
was delivered by Vincent Colin. His
joint work in progress with Ko Honda
is related to both the contact topology
and the Floer homology. He presented
a construction of a hat version of
Heegaard Floer homology for contact
manifolds of arbitrary odd dimension.

The Workshop was a highly
successful event that enabled experts
in symplectic and contact topology
from all over the world to present
their results and communicate with
each other.
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Toshiyuki Kobayashi Awarded the
Medal with Purple Ribbon

On April 28,
2014, the Japanese
government
announced this
spring’s recipients of
the Medal of Honor.
Toshiyuki Kobayashi,
Professor at the Graduate School of
Mathematical Sciences, the University
of Tokyo, and Principal Investigator
at the Kavli IPMU, was selected as a
recipient of the Medal with Purple
Ribbon in the field of mathematics.
The Medal with Purple Ribbon is
awarded to people who have made
outstanding contributions in academic
fields, the arts, and sports.

Professor Kobayashi's research
is magnificent in scope, ranging
from algebra to geometry and
analysis, with a key word of
“symmetry,” and his achievements
are influential in the whole area
of mathematics. In particular, the
following achievements received
high recognition internationally and
realized essential breakthroughs
in mathematics: (1) Pioneering the
theory of “discontinuous groups
for homogeneous spaces beyond
Riemannian geometry”;

(2) Substantial breakthrough in
the theory of “branching laws of
infinite-dimensional representations,”

Toshiyuki Kobayashi
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particularly, creating the theory

of “discretely decomposable
restrictions”; (3) Pioneering work

on the “global analysis arising from
minimal representations”; (4) Original
theory of “visible action on complex
manifolds” towards a unified theory
of multiplicity-free representations.

Hirosi Ooguri Appointed as the
Founding Director of the Burke
Institute
On May 14, 2014, the California

Institute of Technology announced
the establishment of the Walter
Burke Institute for Theoretical Physics
(Burke Institute) with Hirosi Ooguri
as its Founding Director. Ooguri has
been Principal Investigator at the Kavli
IPMU since October, 2007. The Burke
Institute has been established with

a $75 million endowment, gifted by
the Sherman Fairchild Foundation,
where Walter Burke served for 35
years as president, and by other
funders, aiming to promote research,
and to nurture the next generation, in
theoretical physics.

7th Meeting of the Kavli IPMU
External Advisory Committee
On June 30, 2014, the seventh
meeting of the Kavli IPMU External
Advisory Committee was held with
the attendance of all the committee
members. This time, with the

Committee members: far side, from left to right, Nigel
Smith (SNOLAB), Steve Kahn (Chair, Stanford Univ./
SLAC), John Ellis (King’s College London), Young-Kee
Kim (Chicago Univ.), Sadanoti Okamura (Hosei Univ.),
David Morrison (UC Santa Barbara), and Sadayoshi
Kojima (Tokyo Tech)
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submission deadline approaching
about a half month ahead of the
proposal for a five-year extension of
the WPI funding after the initial ten
years of support, the Committee gave
many valuable suggestions for the
content of the proposal and related
issues.

Kavli IPMU Established an
Endowed Research Unit

On April 1,2014, the Kavli IPMU,
Todai Institutes for Advanced
Study, the University of Tokyo, and
Hamamatsu Photonics K.K. established
the Endowed Research Unit: Dark
side of the Universe. This is the
first endowed research unit for the
field of fundamental science, such
as elementary particle physics and
cosmology, in the University of Tokyo.

Kavli IPMU Professor Ken'ichi
Nomoto, who is famous internationally
for his achievements in the research
of supernovae and is a recipient of a
Japan Academy award, assumed the
post of Hamamatsu Professor in the
unit. He leads diverse research projects
related to dark energy, dark matter,
and supernovae.

Quimby’s Team Found a Lens
Galaxy Magnifying a Type la
Supernova
A supernova is a tremendously

luminous object caused by a stellar
explosion. Among various types of
supernovae, those classified as type
la (SNIa) have strikingly similar peak
luminosities, and this property allows
astronomers to use SNla as standard
candles to measure cosmological
distance. However, PS1-10afx, a
supernova observed at a distance of
about 9 billion light years from the
Earth was much more luminous than
the normal SNla, though it showed
other properties almost identical



to those of SNIa. So, this was a big
puzzle.

Last year, as reported in the June
2013 issue of the Kavli IPMU News
(see No. 22, page 33), a team of
researchers at the Kavli IPMU including
Robert Quimby and Marcus Werner
published the argument that PS1-
10afx is a type la supernova 30 times
magnified by a strong gravitational
lens effect due to a massive galaxy
(lens galaxy) existing in front of the
PS1-10afx; the lens galaxy warps
space-time to form magnified images
of the supernova.

A question remained as where
the lens galaxy is located, however,
because, observed from the Earth,
the lens galaxy overlaps with the
host galaxy wherein the supernova
appeared; the existing data do not
allow us to separate the signal of the
foreground lens galaxy from that of
the host galaxy.

In September 2013, when the
PS1-10afx sufficiently faded away,
Quimby's team successfully extracted
the light signal of the foreground
galaxy in the glare of the relatively
bright host galaxy, using the Low-
Resolution Imaging Spectrograph
on the Keck-I telescope located in
Hawaii. This result confirmed the
existence of the lens galaxy, which
causes the lensing, between the host
galaxy and us. The team reported this
result in Science, a famous academic
journal published by the American
Association for the Advancement of
Science (AAAS), on April 25, 2014. At

Press conference at the Sanjo Conference Hall

the same time, Quimby’s team held a
press conference at the University of
Tokyo’s Sanjo Conference Hall on the
Hongo campus. The AAAS/Science
side moderated the conference. The
news was covered widely in the media
internationally.

Freeman Dyson Visited Kavli IPMU

On April 15-19, 2014, Freeman
Dyson visited the Kavli IPMU. He is
a Professor Emeritus of the Institute
for Advanced Study, famous for his
outstanding achievements in various
scientific fields, in particular, quantum
electrodynamics. He is just over 90
years of age, and he is still actively
engaged in science. Then, he visited
the Kamioka Observatory of the
Institute for Cosmic Ray Research / the
Kamioka Branch of the Kavli IPMU on
April 21-22, and in particular, Super-
Kamiokande and other underground
experiments.

In this issue of the Kavli IPMU News,
you can find an interview (including
a summary of the Q&A session) with
him by Kavli IPMU Professor Masataka
Fukugita, see pp. 22 - 30.

Freeman Dyson giving a lecture

10th ICRR-Kavli IPMU Joint Public
Lecture “Decoding the Mystery of
the Universe”

On April 12,2014, the 10th ICRR
(Institute for Cosmic Ray Research, The
University of Tokyo)-Kavli IPMU joint
public lecture, entitled “Decoding the
Mystery of the Universe,” was held
at Amuser Kashiwa, which is located

near the JR Kashiwa station.

The first lecture was given by
Toshitake Kohno, Professor at the
Graduate School of Mathematical
Sciences, the University of Tokyo and
Kavli IPMU Principal Investigator,
on “The Shape of the Universe ~
Mathematical Challenges.” He talked
about proposing models of the
“shape of the Universe,” which are
in agreement with the observational
data, using mathematics. Next, Vice-
Director of ICRR, Professor Toshio
Terasawa, gave a talk entitled
“Shocking Universe ~ Universe Is Full
of Shock Waves.” He talked about
the roles which strong shock waves,
produced by explosive phenomena
in the Universe, such as solar flares,
supernovae, gamma-ray bursts, etc,
play in the Universe.

Toshitake Kohno giving a lecture

Evening of Art and Live Music in
Piazza Fujiwara

On April 25, two social groups of
Kavli IPMU researchers and staff, the
IPMU Chamber Orchestra and the Arts
Society for the first time cohosted the
IPMUsic+arts night. On the 3rd floor
of the Kavli IPMU Building, in front
of the wall of the Piazza Fujiwara,
on which 35 pictures contributed
from Kavli IPMN researchers and staff
with the theme, “Repetition, Scale,
Duration” were exhibited, as many as
10 programs of musical performance,
including the IPMU Chamber
Orchestra’s performance, and piano
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solo, koto (traditional Japanese
stringed musical instrument), karaoke,
and singing and playing guitar, were
presented by researchers and staff for
3 hours including a break. In Piazza
Fujiwara, a great many researchers,
staff, and their families and friends
gathered, and they enjoyed the
IPMUsic+arts night, with wine and
snacks contributed by Administrative
Director Haruyama and others. There
were many vivid conversations among
the participants, irrespective of their
positions, nationalities, and research
fields, on, for instance, art, and music
skills that are unexpected from their
everyday life.

IPMUsic+arts night in Piazza Fujiwara

Kavli IPMU Seminars

1. “Naturalness, Conformal
Symmetry and Duality”
Speaker: Yoshiharu Kawamura
(Shinshu U)
Date: Nov 06, 2013

2. “The SIMP Miracle”
Speaker: Jacob Wacker (SLAC)
Date: Apr 01, 2014

3. “A working Verlinde Formula for
logarithmic CFT”
Speaker: Simon Wood (Australian
National U)
Date: Apr 01, 2014

4. “The Search For New Physics in
the LHC Age: Implications of the
LHC and the Prospects for the
Future”
Speaker: Jacob Wacker (SLAC)
Date: Apr 01, 2014
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10.

11.

13.

14.

“Higher-order QCD effects in
Higgs boson production”
Speaker: Bryan Webber (U
Cambridge)

Date: Apr 02,2014
“Interdisciplinarity and the
interplay between mathematics
and physics”

Speaker: Peter Goddard (IAS)
Date: Apr 02,2014

“The Dark Side of Galaxy
Evolution”

Speaker: Andrew Hearin (Fermilab)
Date: Apr 03,2014

“Response theory of relativistic
qguantum Hall: A new topological
current”

Speaker: Matthew Roberts (U
Chicago)

Date: Apr 08, 2014
“Formulation of effective theories
for dark matter direct detection”
Speaker: Natsumi Nagata (Kavli
IPMU)

Date: Apr 09, 2014

“3D Mapping of the IGM on
~Mpc scales with Ly-o forest
Tomography”

Speaker: Khee-Gan Lee (MPIA)
Date: Apr 10, 2014

Stability conditions for an
N-Calabi-Yau algebra of the A -
quiver”

Speaker: Akishi Ikeda (U Tokyo)
Date: Apr 14,2014

. "BICEP2 results, implications, and

future”

Speaker: Chao-Lin Kuo (Stanford
U/SLAC)

Date: Apr 14, 2014

“Cylinders in smooth del Pezzo
surfaces”

Speaker: Jihun Park (Postech)
Date: Apr 15,2014

“S-duality of nonsupersymmetric
gauge theories”

Speaker: Anson Hook (IAS)

Date: Apr 15,2014
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15. “Decay of charged Higgs bosons
into charm and bottom quarks in
multi-Higgs doublet models”
Speaker: Andrew Gerard Akeroyd
(U Southanpton)

Date: Apr 16, 2014

16. “Can a Single Graviton be
Observed?”

Speaker: Freeman Dyson (IAS)
Date: Apr 16, 2014

17. “Cylinders in singular del Pezzo
surfaces”

Speaker: lvan Cheltsov (U
Edinburgh)
Date: Apr 17,2014

18. “Q&A with Freeman Dyson”
Speaker: Freeman Dyson (IAS)
Date: Apr 17,2014

19. “Seiberg-Witten invariants of
smooth 4-manifolds”

Speaker: Tirasan Khandhawit
(Kavli IPMU)
Date: Apr 17,2014

20. “Recent advances in dS/CFT"
Speaker: Edgar Shaghoulian
(Stanford U)

Date: Apr 22,2014

21. “Cosmology with clusters, voids
and their profiles”
Speaker: Ravi Sheth (ICTP)
Date: Apr 24,2014

22. “Alpha-prime adventures”
Speaker: Ruben Minasian (CEA
Saclay)

Date: Apr 24,2014

23. “Some recent results on massive
gravity”

Speaker: Cedric Deffayet (IAP)
Date: Apr 25, 2014

24. “Warped entanglement entropy”
Speaker: Edgar Shaghoulian
(Stanford U.)

Date: Apr 28,2014

25. “Multicomponent scenario of
WIMP dark matter in the radiative
seesaw models”

Speaker: Hiroshi Takano (Kavli
IPMU)



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Date: Apr 30, 2014
“Complementarity of weak
lensing, galaxy clustering and CMB
data: constraints on neutrinos,
dark energy and gravity”

Speaker: Roland de Putter (JPL)
Date: May 01, 2014

“Precision of Standard Model
parameters and Higgs properties”
Speaker: Bryan Webber (U
Cambridge)

Date: May 07, 2014

“Improved distance measurements
with reconstructed WiggleZ”
Speaker: Eyal Kazin (Swinburne U
of Technology)

Date: May 08, 2014

“Homological mirror symmetry for
the genus 2 curve”

Speaker: Daniel Pomerleano (Kavli
IPMU)

Date: May 08, 2014

“General instanton counting and
5d/6d SCFT”

Speaker: Seok Kim (Seoul National U)
Date: May 13,2014

“Relative BPS state counts for toric
Del Pezzo surfaces and log mirror
symmetry”

Speaker: Michel van Garrel (KIAS)
Date: May 14, 2014

“Simulations of SNe Ib/c Shock
Breakouts using multigroup
radiation hydrodynamics”
Speaker: Alexey Tolstov (Kavli
IPMU)

Date: May 15, 2014

“Effective Temperature of Non-
equilibrium Steady States in AdS/
CFT”

Speaker: Shin Nakamura (Chuo U)
Date: May 20, 2014

“Evolution of dust size distribution
and extinction curves in galaxies”
Speaker: Takaya Nozawa (NAQJ)
Date: May 21, 2014

“Known and unknown Zeldovich:
simplest paths to complexity

36.

37.

38.

39.

40.

41.

42.

43.

44,

- from flames to Large Scale
Structure”

Speaker: Sergei Blinnikov (ITEP)
Date: May 22,2014

“On equivariant Pieri rule of
isotropic Grassmannians”
Speaker: Changzheng Li (Kavli
IPMU)

Date: May 22,2014

“Muon and neutral hadron
detection in high energy physics”
Speaker: Eiichi Nakano (Osaka
City U)

Date: May 28,2014

“Unusually Bright Supernovae”
Speaker: Robert Quimby (Kavli
IPMU)

Date: May 29, 2014

“Statistical properties of
deterministic systems by
elementary means”

Speaker: Boris Hasselblatt (Tufts U)
Date: Jun 03,2014

“Axion cosmology with high scale
inflation”

Speaker: Kazunori Nakayama (U
Tokyo)

Date: Jun 04, 2014

“Counting curves in terms of
modular forms”

Speaker: Jie Zhou (Harvard U)
Date: Jun 04, 2014

“On some strange dynamical
systems in the real plane”
Speaker: Sergei Duzhin (Steklov
Inst of Mathematics)

Date: Jun 05, 2014

“CMB B-mode polarization
experiments: Recent results from
POLARBEAR (and BICEP2)"
Speaker: Haruki Nishino (Kavli
IPMU)

Date: Jun 05, 2014

“Trees and an Affine Cover of \
bar{\mathcal{M}}_{O,n+1}"
Speaker: Charles Siegel (Kavli
IPMU)

Date: Jun 05, 2014

45. “Flag Varieties and Quantum
Cohomology, H. Schubert, A.
Grothendieck and C. Dunk!”
Speaker: Anatol Kirillov (RIMS &
Kavli IPMU)

Date: Jun 09, 2014

Personnel Changes

Reappointment
Exploiting a joint-
appointment system
that had been
approved in the
University of Tokyo in
FY2012, Naoki
Yoshida, Professor at the Department
of Physics, School of Science was
reappointed as a Kavli IPMU Professor
on April 1, 2014, with 40% of his
time allocated for working at the Kavli
IPMU. Previously, he was a Kavli IPMU
Associate Professor from September
1, 2008 to March 31, 2012. Professor
Yoshida speaks of his aspiration,

‘Il am very excited about this new
opportunity at Kavli IPMU. I've been
working on numerical cosmology,
especially on structure formation in
the Universe. At Kavli IPMU, I'd like

to make the best use of data from
the Subaru HSC survey to study the
nature of dark matter and distant
supernovae.”

Naoki Yoshida

Moving Out

Kavli IPMU postdoctoral fellow
Atsushi Nishizawa has taken a
position as a Lecturer at the Institute
for Advanced Research of Nagoya
University. He was at Kavli IPMU from
September 1, 2010 to April 30, 2014.

Also, Kavli IPMU postdoctoral fellow
Malte Schramm resigned the Kavli
IPMU at the expiration of his term,
from May 1, 2011 to April 30,2014
and from May 16 to June 30, 2014.
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Cosmic Inflation and Primordial Gravitational \Waves

Katsuhiko Sato

President of the National Institutes of Natural Sciences,
and Kavli IPMU Visiting Senior Scientist

BICEP2 is a radio telescope located at the South Pole. On March 17, 2014, the BICEP2 collaboration
announced the indirect detection of primordial gravitational waves by measuring the polarization of the
cosmic microwave background (CMB). The world’s press reported that the inflation theory, the Big Bang
paradigm for the origin of the Universe, has been confirmed by this discovery. The inflation theory predicts
the exponential expansion of tiny quantum space-time, which turned the Universe into a fire ball with
tremendous heat created when the rapid expansion stopped, and the production of density fluctuations,
which later grew into galaxies or groups of galaxies, as a result of tremendous expansion of quantum
fluctuations in the exponential expansion era, and so on. NASA's CMB satellites, COBE and WMAP, unveiled
the picture of the Universe only 380,000 years after its birth, and found the density fluctuations predicted
by the inflation theory; this result supported the inflation theory. On the other hand, quantum fluctuations
not only produce matter-energy density fluctuations, but they also produce space-time fluctuations, i.e.,
gravitational waves, at the same time. These gravitational waves produce a twisting pattern of the CMB
polarization, called the B-mode. If it is really observed, the inflation theory will be further strengthened.
However, the effect of interstellar dust in our Galaxy could produce a similar pattern, and criticisms have
been raised that the BICEP2 estimation of this effect is underestimated. In October this year, ESA's CMB
satellite Planck will announce the results of polarization measurements. Also, a number of groups including
POLARBEAR, in which Hazumi from KEK and collaborators are working, are measuring the CMB polarization
at the South Pole, the Atacama Desert in Chile, and other such locations. We are looking forward to seeing
the results from these measurements.

13-8&/5

Tnflation

Grovitationa |

Wwaye
R e*FCt/’r'.‘) Fresent

Kavli IPMU News No.26 June 2014



Director’s Corner

VT,

4818 HARF—BEIEERD Kavli IPMU SHEBREE
ICE LB

48168 : Freeman Dyson (FF5), f@KIEZ (/L) WK &

6H21H : 5 TRAICHFT v > /S X DEN

Kavli IPMU ##R

*E“J-I % LovE-0EL

4810 : Peter Goddard (). KRZEEHE (o) K& DR

Director’s
58268 : kFH L2 BBEMRKERKET T 2 Corner
v JxA—¢&

68308 : F7[8 Kavli IPMU S EBEHEZE R

39



FEATURE

FEam E At

1. IEC®IC

BEOHANFERIE, FEBICTFYA T IR
MRAPFTT, FEHESME (CMB) OFHMICRE
ENB LI, BBEEDAERERLI O, F—U <5 —.
Y= IXILF—DELEE. FEHFHG S, AEOR
R EEICEZD I EIZHIL TV E T, 2114
OEBNFEHRIL. bIECERERBOEBBRAL L,
EDLIEEIANBRZELEZ2DTFICERLTVLET,

BEDIPMUZ 2 —XDEETH, BANFERD
ERZERSTZHDAHY) £TDT, SEIFDLEDS
fEEE LIcWERBWET, ZNIEFEmICE T 5
MEIEIZDWTTY,, FHAOERCEITICIE, st
WA Z CIRY ANSNTWE T, FHADEH
T—7E. —REMTY, FlZIE. CMBOEEIZIE.
BOEFED BX > TL HCMBAETOEAEES DR
ENERBREICHRY 27, BV -1 DBEIL.
SO DEBDHNEAGANETT, NOFH
WT—YEEDLDIZLTEENRL, BERETILELE
BMTZX5DTL&OIN? ZOFHABRTTCHLLONDS
VEEETR, £/ FORIRIZA > TLARE. EHI21F
ZORFIEMATLLON? INoDSEMEAEHT 5 Z
ENSEBIDEEDFETY, Z I THRT 5 &L
IZb, FHmEMEtOBEREROER I GAEFAET LW
LD HY) T, CORBETHNET—<IE, TD T
C—HTHBHZEITERL T, FEEDT-LWEBLE
ER

e E
Kavli IPMU #i% I% E E’K
T s - £0A

B E: FHM

2. FHRE, TILI-KMREE 2 RERREHK

IT, BROLDIC, FOEFTERBT —IHh o185
5ND [WoEH | ELELLD FIZIE, CMBDBE
I3, RE®L EHICNIG L. FO)=[T(O0)-T)/T T3, =
ZTTO)IFZED0/EDOCMBEE. TIZCMB D958
E (&RFHLILEE) TTF (ML LtHER), 3X
TEEDOWP S ETHBIZOVWTHREKICERTZ £ THN
ENBATI2RITDBEEEZEZZ L&D REOE
ATIE, w5 XBFO)ISERDAENEE TRES
NETDT, FOIIBEMNREZILEXTSEA S
NTWsELET, RFHDODCMBEZPlanck Tld, #9
5O’ DAENRIET. $940,000 FAEDERE o —
RALELIZDT, CMBREEW S TH51459500/8 €
JRILNDT—FTEZON, BRET—FEIZRY
ER

L L. FHAOERTTILIZEANLI-FO)5%
BEICERTDHIEIITEEEA, LY IERIZSEZ L,
BRT2ETIEBETZ/1-0I121E. T—YDERE
IZIEHS 580X —9 % BANT H0ENHY. RiRY
DINE W, R BNEILND &) £9, £ T,
FHAOMBIT T, FEREBEZRET 200 BE T,

e FH I FIINBBRT—HRAIO2FLTH S

' SEORETIH. EICFERODLETHICEALET,

2 LT o#® f. EREIORTHIGAENTIEH Y EHEADT, 3RTDHA
IOV HLAROERNMEOSNE T,

1 DA EAD 1/60 DAES,

40 Kavli IPMU News No.26 June 2014



o POWQF spectrum !stlmatlon(

. . — Planck TT spec rum
< Parameter estimation (\% 6000
=} T T T — 5000 . .
Bl Planck+WP+BAO: ACDM + r (l\:‘ Error bar5=|n5t. noise
S B Planck+WP+BAO: ACDM + r + (dns/dInk) 4000 | . 1
z ™ : } + Sample variance
B o = 3000 F ) ]
o T .
& < 2000 F
g g I 1000
o St
b
L 0
Q2 . 500 F 200
5o N 20 b 100
= 2 o i o
° %‘ -250 4 ~100
S -500 AR ) S0 200
0.94 0.96 0.98 1.00 P T T 1500 2000 2500
Primordial tilt (n;)

Multipole ¢

l1 FEHBETOTN 2 RITT—5D CMB D), FHHPSEEH F @) OHE (£ LK), woXBO7—) TEHEHHE (LK), ATRIL /S

—ARTMLVHEEDIER, IWERIIERERE Y TOREE, T7—N—%#5F81E, EHORHRC Y CAEBEFHLIER, T7—1—LLT
ﬁlﬁ%ﬂww DIE—RLOAIETERVEVIEENSELSEADBE LR ERREIMETETI—NERBIN TN D, RIREIRZNT VD
ACDMETLDERTE. MEtRENTERAT -2 B(BRL V%, LTI AEEETILOLRICKNBONI-FER/ OX—FDHETEER
DBl INT—RRI L DIRETREENTA—FDREDEBXEIGESE T 5,

EVWSFEETY, BT A2, FHICIIENLSHD 2 BEEZZFE L&D, 7—UINREIL FO)BEELL
WEIABENEELE WL, HEIVNERLORDIEIIE  TOLIICE—RPRBRTLZHETT (M1 0ELN),
FHOLRD CHARMEBIZEET 2T TldhL., &

L5 RERAEZTT. Fo)= o S Fe? (1)
COFHEBEEZ(FANIUL, BAHER L1ZF(O) [ Feature

B3, AAAFHOANICFEET 2BEAO{FO)} BEOxD, REROMK(IER L, KRR EOBAES
DOBONIBMBNLERY Y TILEEZONET, EZ2RTFEEAMUTEILICLET, BAEIOR
CMBOBITEAIE, FHOAHTECENI-EZAIZ  RETOEBEZQLETNIE. 7— ) IHBROB/IVE
DERE (NBEIIRY FEAN) PCMBEERILT: 8. Wb ZERFRIL [~ 21Q)" (Q [FEED—
ELTH, BANBTLWACMBEEDSEIBE [Kik]  LORE) &4 2T, JOERKBDERE DR,
RALbDERZIEAIEEZDZDIITT.ZOIRAL]  2&Y I=L(n,n) 0, n==%1,%2,...) DFHT, W
BE. 2FVEDCSVWERADERILIZCMBBY [H1 SEBFOIZFE—ROBLET, 7— U THREF L
B hEEENICEELT 2RELNHY 7, FOISHEE I DE—RIZHL T, LDEREDIRIES
BALIwSEBETENRTEIDIC, 7T ForrkRIBIIHY £,

41



WE I DT —) TREE, BE= " EREDDT,
RKigEMIED 2 DOBHEZF LT, FHEED
METNEARED O, UBITEEROLVETHRWLI &
FHETEBTL LS 22T, IRIE |f| omBEgh
RESERFYOITEMEAEL LT, N7 —ART ML
EEELET,

2

)

~ 1 ~
Pr()= ——— F/
F( ) Nmodc (Z)Qs IIZI !

oot EVIBAT NEl 2B d2Tn7—) T
E—RIZDOVTORE LE T NypaDIFFIZEENS
WMy 7 —)ITE— ROEHTY,
Nmode (1) = Z ~ (22:% (3)
(l'|el
AlZE VIR (BRAIEIRDH D E) TT, 2nlAlld, 7—
DIZEBICHEITH¥E L 1B A ORROEE (22R7T)
THY . QnyIQ, =L IFEREHRTRE 2EBEERT
To ZOBREIZLY, 2RITT — Y DEARIBRE % .
[ DM TEZONBIRTAN T —BD/INT — I
JMLIZEBLTWE T, FERBICEDE, BHEAN
IR OAPKFERREL. RES [=|l &7
T7-VIRBELTRFERRT I LT, TOIRIE
DIFEHINT =R ML TE, 7— ) THRBOIRIE
A EET HMETEL LTE, RDBMARLDEER
5TL&Do
HEDYIEBERE DEWVIZATL £ 57? # EERD
ZC0GE, ERIIMELBRVRLITI I ENTESE
T o LMD ERIERDFIIEE NEAID Z &
T, EREROIFELMARELBREEETEZH0D
TY, LA L. FTEHHCIENBEESIZ—. H50 (L
LRY—RATH->THFHIE—DOLHIHY FLAD
T, INATZEE A, 2TDLIIZ, MIAER ()
ToAE—ay) ITKBET Y Y TILESE B
F—YNOBEEDEKR (B> 7)) FHTRETSIA
f BRDEME-RETZ Ao MBAGEET 5 L. HBROB F(O) IZIZEREY

BNngd,
P 3RTT -5 DBAEBFE L.

i, FEFBICHITATIILT— RIREEME (TN E T,
ZDIRFEIZIE, RN EEEHES DT, BIENS
LOICEENETINALTINEL DY £7,

3. RWBAH I 7 o LIRESEL

BIEACIE, FEMCR(ALLONE /T —INRT |
LEWOSTEEEZERLE Lice EiL, N7 -7
FMLDEBRAIT—2 0 [£27T] OfENEREX TR
AN HN ET. TABRLEDRVWI EBATHS
D? EBDODNEIE LNFEAN, HEDTT, UT
IZR2 L2012, FHIFMENICHEMT, ZELLOT
ERS

AREETIHFERODS THICEB L TLE T,
CMBEREWD S E, FHORBEBSELR L, FHILETF
ET2056E GE—HkIE) ORIRLZFHATEDHD 1 >
TL—2avYFEISIFITT, EvINVFEOA
FNIC(BI-oEELONTWVS), FHHNIEHE
BMICERLICEVWS S FUATE, 17 L—>3
VEIE. FHZOLDLIEFITNED 5T2DT, (>
TL—>avEREEIdE (177 b EMEEIN
%) DETFIEEZLZRELNHY £T, EFAZDOR
BEMBRRLY ., 177 NV BIERARNIZETD S
TERL, TOETFPLENI YT L—> a3 VEERT
SIEMIESN, HHOLTEERLIZELIDTT,
BOEFRHTIE, BRLIEHEART MLOE—RIZER
LETHREBICENLET, BEOA > T7L—>a3vE
TILTlE, AV 77 VB AOEEERDEE LN
WeEEZ BN, BRZBEHODETFD S E(LFIFRILT
HolcEEZAONTLWES, DFHN, A>T L—>3
Ik o TEMSNI-HEY S E% § (RS E &
g 5) &ThiE. LTORENHEL-INEZ LI
mY) £,

€k Ck') = P (k) 2m) o (k+ k') ()

P (k) ($RER/ST — 2T RILTT o 6 (k+k') 1Z3K

42 Kavli IPMU News No.26 June 2014



TTDT LB T, BIRHEHNT MLOE— R(3IHh
UTHAHIELXRAELTWET FIo AT L—>3
VIERNEFERTHHRY . RIB/NT —ART bILDE
HUE. $7bhE P HAEBOKRES k= |k IZOHKEF
THIELBAILREINEYT, JIT B85 () IET
YHUTLEEERERLE T,

&I AvT7L—=vavii, EIFEHESOET
WEEEWD T VY LBRET, FEASEICEANAS
HpSEEERTHDTT, LVIEREIZIE, FEp S
& § ORI ISEERNLEY (5> 5L) THY. %
DIRIBIFET PO ENEDC L VLS| EFEESNIZH &
WO YMEBNRERET &4, TOHERNLKE I LRA
INT—=ZARZ ML P(k) THEZoNE T, TNIFRE
HHOSEF () N T VI LA T B THDE
WO ZEEHEMTT, AT 7 VBIEIEE BT
SHOMEZEL T, BERDE SBEEE T 2 &
MBI (N7 —ZAXT ML) DBTEZ 5N, FH
RD% S ABBEBEHR ZBORIEN S, LOICRY £
o DY, HIOPTP VBOHKRFNEEFNT—R
R ML TEZIZERENZDTT,

FHAOBEEHROBEL L, 1T L—2a v
ETEZ N o EQUHEH,I OB L., BEE
2H.° MERREH. T L (- IRILF—HHl
THIMRERBPEEET 2WERTH2FEHEDOGHN T,
FoNF Y, F—ORIT—REDERDDDS ED
NEREAERECZETT, Bo EDREINNS VR
V. ZOZRADONFEENRIE. TA>r>a91 AR
RERLY TV ARRNERAGOE I AFERERE]
EBEERTHAND N TZ T, BEETTIE. 2
RBEBD T =) TGN [ ] (KRR
RLET. ThbE.00 THREEREIZH LR (4,
DS EDMEFTNEE ILFRBEPOETDLDERFT 5
EIZEBDTY,, EBRIZ, BUAITNACMBREEWD 5
TEAVITUBEFBELBEW EDNRENTEY.
A T7L—>ary>F ) FEHR— M2 —D0H
o TULET,

DL, FHAT —INONT—INT MLk

BAETHI LG, A>T L—ya VEBR)SEEDT
SNI-BRBRT 7O0—FIZkhY £9, LHL. BIEIT
AT K DI, BREAEED /XTI ML %
HETZHIZIE. 0o THBOBARE— R (BX) I
RRT HMANTEREERT 20BN HY £7,"
ZDOREMIFEARSDEL (sample variance) & IFHEN F
T ZOMENAEMNIE, HEE/NXT—IRT MLOH
DETEZ BN, HYST7VBIZOVWTIIBEIZFE
TE%x9,

CovIPr (1), Pr (1] = (Pe (D P (1) ~(Pr () (Pr (1)
ziﬁ;fzayéﬁLpp(nz (5)
ZIT o ARy A—DTILYEKT, £ VIEA
TIEI DEES =1, ZNLNL 6, =0 EEERSNE
T ZDEDI, AT VBOHEBITINE AL
DLIELEEA. SVBINIE. BRZFHE>D
INT—=2ZART LML THD e #BRLE T,
FENTOTUEDHBEIZIE. NT—ART MLDIET
FRBTCERVLARIBEBEBRDT S ZER T 20ED
HY. —RIZELGBZEVEDO/NT—IRT NLDOIEE
NELFT. EROAETIL. BHERD /1 XDFE
HEXZERTIVNENHY TN, SEIOEETIEHY
FEADT, EETAHZEIZLETS
EROESEITIE. HHEE Q OEMEE 7
SAEL =23V HSERE I DINT—ART ML B()
EHE LI ZI2, TOREBEHEHFE (BEDE) %
HYIZDHETHIESDEDORES (xlo) 5257,
DFY, MEEREDI LTI, 2D DL, HEE
EYTo/IRT7 =T MUAEDFENERE L.
jW%@‘MW@ﬁﬁf%n@‘@amwmmmmm
T PIAIE, 3R THNIE. () {x) {(x3))
P FRHOSIRF—IIHL T, KF. Za—hY /R ERNHENALT A ZEHN

AR T Ao, NGB TOI XL —BENBRIL, ¥—o<F
2N ENROALTAFEOS T RILF —(I8 L THRNIZ A 5B,
PHIZIE, REEDEE /L THRASNIBEEDS EDNHEKEARD &,

ZOREHNAIST Y THEEIZRS T4y b TES,

TFHOKE S, BL HEWKRECDT, BFODE DRI A,
HEUED T - IOMEEEL BlimLWeEZONE T, DY, BT 37
—VIE-REZBOETOLERFEDMIBOSETHBRINTNEEEZ
SNET,

VIRERIE, DO EBORKEE =L 0S5 E&ENS, T THRADEH
EREMIBRDIEIZLVBENET,

43

Feature



|: PF(Z) :|2: Nmode(l)

o(Pr(D) > ®)

ERBLNE T, 2T, a(PL)=Cov[(B(1), B(1)]"
Tde 2OKDII. MEMBREIZ/NNT—IRT ML
DEIZIKEEL T, B EH ) DE— P Nyl 12
DHERET D EDDDY E T o Npoaell) ¢ QJIAI T
HBHOT, BURAER (Q) NAZWLIEE, B I AKX
TWMEE. FHEVIBAIDKEWIENT—IRT K
ILWAEDBEREIIECRY) £,

1A THIL, Planck&EE£IZL2CMBEREEWD S &
DINT—ZRT MLOAERRE R L £ ¥ Kk (B
BICIEKEBOEBORBRE) PRELHBIID
Ny T =R FLOAEBES A ELTVWSDOH
POV ET HILEYDINT—IRT MLDRIEE £
HY) DREEIL, ER LIERD B EBERD /1 X
DES5EERLI-HLDTY,

INT =R MEEDFHETREN S A o N,
ERETLELHRT A ENTEET,

f)F () «— PFmOdE][l; P( (k), Qm0h27 Qbohza Qie, o] (7)

Al BRETNILES FHDINT =R ML
D RH/IT —ZRT ML, ZOMFRERY R T
LI-0DFEB/ATA—YOEKE L TEZONEZ
EEEHRLTULES, i EA1RERRT R
Ve ELWRETYT, £7 ., HetiRE=NT, BERET
I T -5 5BIRTEENTELNE DN EH
~NFET (RMOATHZSR). R, HEBRENHFT
BEZ/NOA—IREICELEESEEIET, &
INTA =G DREDEBXME (CL) &KkHBZ N
TZE T, PlanckF—LAlx. 2O LD nEEEiE2% A
WT, ¥F—oxy—, NUF >, FEHERRED/INS
A=Y HBREETRELIZDTT, M1OLTRIIR
ENTVWBDIE, TDEDIBRBID—DTT, FHET
N Z(E, PlanckdiZ&EIZlE. T CILERT — I W EFAE
L. £721~2000F COT—ZI22W\WTldk, B®HEBRIC

KBREDID R BEARDBUZ KB MEEE L TE
BIERENAERLTWSIETT, Y. AEIZCRE
W EICDONTIE) CMBTF—4h B3I 2T I &hm
A2 TOMEIEREZ FHmICAL S Z & IR LIZD
T9,

UEZZfxTofEadsense, (1) FHEEDOR
ETH—HRIE, EAMEIRE L. EKdH 505 THOHE
FTOMEZRAET B0, —RITBEETHSH/NT —
AR MLERHET A E, 2) TILT—RRER. 2O F
DERI LB FEOBUNLIERTSH 5 & IRE
Ly NT—=ZRT MLOREIZHEY BADEEETIL
528, R AvTL—avsFUAAFETS
K2, (WEEBD) Do EZHH I T Thb
Ha. o THEOMANEE LT —IRT LTS
TRESNDZEEZBRTEEZ LTze 215 (1),(2),
(3) DLWITNDDRELENAUL, /N7 —ZRT ML
DIANDFEEZAVIRENH B LB £7,

4. FHOBERMK: ENDIERFE

RIETE Tld, CMBW & EHITRKRINS, BEH
DAV T VL EHEEZTCEE LA, Z0OM
TIIMERERT 2FEOBEEXENE T 5RAY —
RADBEONLIFHGBT —FE2FATAHAEL LD,
CMBLIEDMEEBBI DWW & D HFEEIL, EIC
Y—IRI—DENILYSIERIEINEST, BEAD
FTREWIZLY ., ¥—0 <7 —DEMEH T DIE—RkiE
PIBIRES N, BEBASINS, B, R®AFH, 512
HADDIH TR oN D FHOKREBEN T SN/
EWS P FUFTY (LUECDMIBEERET L), Z
O CODMBEFERETILTIE, LW/NART—ILDIEE
DO EN, RRIZKERAT —IILOEENTER S
Nz WS, RELT Y THRBEEBSA >+ F
¥ LT,

BITWT =R —DIREIE. T DERLREA /NS
W 8720, BENOATHEERT 5, EWLWOMHE
T, RTAXVHAOEH T, £/-ZEMICHBLL

44 Kavli IPMU News No.26 June 2014



EEATIE, ¥—IRI—DEEREL, HESIL.
FRFEICEITAER L, BEADOTREKDOFRXRIC
WS ZENTRENET"

00, 1

=ML 2V (1 =

ItV (140,)0,] =0

ov a 1 1

ZZm — -V —__V (8)
ot +avm+a(0m ) U a ¢

Vzd) =47G p,, a*dy,

a() EFHORXT—ILEAFTHY . FHERE L HIC
EINY 5%, 6.(x)=[p.(x)—p,lp, TEEZEDS
B THY . v,x) IFEEERERY MLE, ¢x) (LB
NRT>Y2v L TT, —KKEAFHTIE, £5ETA
T, =, =0 IR BFHTTDT, 6,&0, FDHE
BTT, CMB DRIETHIBEINTL D15 EDEH
S oHEEL. ZOABRREHEZLICKY F
HESONFEMETARDZENTEEZT, ZDAE
RRDSEOD R LS IZ, B THBOREBA/NS L&
L DFY =l <1 (BEc=1 DEMIR) TlE,
FREDIEEAATE, v ZHFITFELCLE T, L
ML, PO EAEEE & HICARR L. FEETFIE (5,0,
v, V), DERTER(RE L, BB XHILIERE
ERTDHI IR YET, DF Y. BRBEHRD T —
DIE—RMBAL (BE—RAvTUVD), Eitha

EEIRLY RV AFRIREBRDEN DY N IaL—2avdzh
BRCHEITRSTVET,

R T
5=

M2 B-WF—o <y —BEERRETILICED CFHERm N AR
Sal—yayvolfl, T 7 rE0RBEGEIrOBEELIZE
LThH, ERFENENCOBRELT, F—o7—DHH L
BRRIET VST oM EET D, F—0UXT—IRFIZEFRLT
WABIEZ Y — o<y —/NO—EFENE, 747X DX
EHIZIE. ABEED10PE S 0RAMR T —LOER/ND—
NEETHZEPHD (ROFLICHEIERNOD—EZTDLD
BH), FHEADKREZIIN L THRAIRT— LU En/NO—
ICEBENE Y- —EEIIHI0%IZH KR —AH. 70%(F
EOREIE, Yoy —BENTH LY DL, BEERE
WO ENEICR > TWVWBRA REEAED D, 20K D RIES
ML), F—o <o —0H/mid, LOTHVE SBAEEHRE R
D22 &Il B,

EERDDLDTT, RIBDLENT VT ViGH
Hotce LTH, BENOHFBEMN S -0 <5 —DZE
BABICHT> TV EEFHETHDTT, ZDIEHY
ZMDRE L, NRT—ILIEE, FBREISEVMETR
ARBIEERE W &) £9,

ZO&DI. BEDFHEOY —I/ XY —DRHED
HETHIEE L, /8T — 2T MLDIBHRSZ 1S TlEER
TEE A, BEBICHRICREINE LS54, CDMEE
BERETILONGEKS T2 L—> 3 YOWEIL, &—
IR —DAEHN—MRIZZRU LD L SBEBRHOE
ERHOLDIIRBIEERLTVWE T, BIZIE, FEH
TIT UHOEREFORBERDIFAEEBEKEZE R
THEL&D. FREBEODHROER L LT, EE
EEBIZOVWTE, RINTHEY =R Y —DZESTD
B (p,(x)=0) I8 £TH, £ TlE6,x)=-1T
T, —H. YUY —HIEETHEETIL, BER
E pu(x) I35 THIBIET 288D H 1) . EBRICN
K22l —>a3>rTEY—IXY—DEBET DY —
7 N\O—OHFLTERENFKET 28R (5, > o) HIE
NHEZExFELTVLET, 2OLDIZ. BEDHED
FERFRMEICL Y. —RIC3RIBEBBIMEEZFOLD
12725 DTT,

U t#xBEEZ. FHRBEBOMANWERE L L OER
D OREEMNELC T, BIEITRAIZL DI, RIZEEE
IZHhHFEDEDSEEH IS T VHTHY . TDHE

45

Feature



T T T T T T T T

100 —

« Simulation

Cumulative information content: /(</x)

10 1 1 1 1 1111 l 1 1 1 1 1111
100 1000 10+
maximum multipole: /max

SHBRIZ/ST —ART MUALTTT, —H., BE
DFETIE, F—oXI—D o EHIFIEHT S 72
MxEBL, NT—ZAx7 ML QEEHK) UNEZSR
REEENMEEZ B DL S ICH Y £, BHPE KA
M7 E 2D SEEHELL EDBHR %I EHT Z & 14T
EEHADT, ¥F—U I —DFFTEDOREELLEE
ABE. IFRBEELRDOERE LT, AU T V%
DINT =AY MLO—EDERN % RAEEBERDIE
WARELIcEbEZONE T, DF Y. BEHIE

CBENDY —I XY —DEENHEN SE LN SHE
SxEAEHE S LT, FEHOBPICE > TULV:
BTV EREXETTTESN?

EWVWD T ETYE, £iE, TNIITFHBDER TRER
BIREIZ72 > TWE T HFERDVIFE SRR THNIL,
SEICHHEHICEY 5D T, BILIEAETL & D,
COMIBEFRETIL Tld. KRAT—ILOBEDS E
I, ETRIERRBEICH ). 2T EER->TL S
DT, BITIEFEELNS 2 &R £, — A, /IR
T—ILDSEFERTEEBICH B EED S T (L, WEAEMHF
DIBEREBFIZK->TWBLE LNFETA BIZIL, ¥ —

M3 FHOKBEBEICLZEAL Y FO/INT—IART ML
ICEBFENHBEHRE (<)o ZZTEZADBEBHL VG EL, &8
M EFRARE z,=1IHIZHRIRTEICHIEEERED S T
EBEBAMIEE LI2R TS, BlEEE L TI400FE A E%
RE L, /N7 —ZART MLEEDHREE LT, ZERSED A
#EE LI BUEEDEERICLS /A XIFER L), KT
DIE, ZFEE > DINT—2ART NLEEDFHEINBERKE (H7 >
TUBIZOWTIER6E2R) £, BINEH L,,=72 5., x B
IC5EZoNZRRER L, FTEDLILE, Z05EE. (<l
[EE I8 ALIZIRIE LR L I N—T 13, EAL VY XGHRHY >
TrDBEDRRE, DX FHEOKBEESED DR DS EH
NMEOERNBERE. Z0HE. BREEFET— FEOMICIITK
7 L(HK6), [nocl, QP EFE, [ EFTOT—)TEBHTOEE
DFEFARICEAT 5 BRTBDBEITIE I(< k) Sl &
he V, IFBMEDIRITEHEE) . Imld, BAICRENE LD
BRCOMFHBSEERETILONKEKS I 2 L—>a v OEREH
W BEALYXHBEFR LAY O 72 E >R, 2D
HE. BHREEZRDZIHIC, EALVYIGDIEAY KD
OICELZERDFEREDINT —ZAXT NLEOEBEEELLE
EBLTW2, ERIIBITNRTTILCT, BRRATYOTDFER%E
BCBERELTVLWS, WiRiE, SARRABA 20O EHIZLS
ERDPBANDEEXER L1-HE GELEANXER),

XY —NO—RTEANICEBINTWE Y~
& —ld, EH/NA—H0EY) ZIRkEH 5 L (FEEL L
TECHEBEZF > TOWCHREDYH Y . WEDKN T
MOBRIZNTTlE, IEMICTREFIIRET 2 & IR
AR LIICBWEYT, TNOFEIT — LD R
FABE T, EOEND ZILTDICEATES T, 7
HERHEOHT 7> T VERO [ KED] 2#8BTT 52
ENHRED S LNEBA. [KED] EEBZX LA,
FOREETTTELZNIDOLTIE, FEEAD - T
WEBA. B, AT —RADSHETES, IR
DU ZRAYY) T, EAL Y ZDOFHEFHFTED @R
HBRT LI DFIFEERIZHY £,
COEEFACBIFEEEHDO NEY I 2L —2 3
VHBWVITRITNETLZBAVWT, ZOBELZANT
ETVET, M3lE. ZOWEL SEBONTHERD—
DTY, FHOBEFEHRO NK>23IL—>arvsk
FoTHRLEFEOFERERILL. EAL VY IH
ROBASEET LRI YO 7B, TDED
LY ZBDINT =R MLAEDEREDEREE
o TWAHERANIHERTS, BB IHNSWe
ATIE. JOMEBIIRTZERED W » EDFEN KK
TEN, A>T UEr o iFIN2BEREL (ZFE

46 Kavli IPMU News No.26 June 2014



TTLTWET, —A. B IHPEHI00U LEDEZAT
& T =ZXR7 bLHFDOBERIKRE A LTW
L2 ENDHDY £F . HSCD K S BRESHEDHY —_A M
FHAICAWLS, 1 ~10000 27 =L TlE, F9U
LEORADDY) £, ZOBRIE. XT—RAXRT ML
AT T TIEA 7> 7 VIBHRO—H L METTTE AL
ZEERLTWET, EBEIC, BloMFRTIE, 3278
BIREMNBRZMA S 2RO TLWETH, #h
THEREAVL TV DEREETT BT EIZIFRIL
TLWERA 4R EOEBEBEKRLERICEENS L
NEHA,

NoOfEREEL T, FRLAD >EHAWER
HERELTVWET, ElE, F—I7—D/INT—IX
7 MLIZBIT2ERDEERIE. FICH—_AEELY
RELBDSEIZL>TEIERIESNTLEDHDD -
foDTY, BRBEREBZ 205 T ILBRTE R0
. BUAIEES ., —KREAFHL) EOBEED S EHE
BIZWBDH., HEWIIEDOERED S EEHIZL DD
DADBIHENDTY, 2%, EREEANTTE L
BEPLS X (F—MRELOTEHY FH¥A. EHDEE
BED FEREDHEEIZL ) 2 TORRIZE—RAY
TV LETOT, b LEAEABEENEOEED S X
DBFIZWNUL, F—IOX Y —DEERE/NNT AT —
DFEHSEOFI L BETRERFE, 2 EDH
EOFHICWAZ & EAFILRY ., BRABEBADET
DRAT—=LDD B EDHENIRENE Z &2l £
T, b LEABEENEDEEY S ED\EKTHNIL,
IWNZT— LD s EOERIFINHINE DT E(IL.
ZDE—RAY T VI L BEENEADBUCRD
HFEETDH MDD BRIZZOMBEEERLT S
ZEITHNLE LTce KBOERIZ. COMREER
LI-FET. NEY I 2L —varoiRsROBR
LTWBIENDHN) E£T, HIZ, ZOMRE/NT
A—FIZHEIZELL(ERTHIET. RKAT—LOD
WO EXFIRTEXZAEMEN DY £T. ZNIFIEFIC
HAWATEEET, SEL IS ICHREZED TV FE
Td,

5. GRDRE

IPMUDED 5 SUMIReFTEIIZAFTR NS L D12, £
BOFHBIY — A1 (IR LA KRB L, £/25—7
IHRLF—MREICRERINE, LVELL., YRR
HafBEICRO I &Y £, ZDRETIE, FH
BT - M ELAE L. FEH/ATA—F
EWET SHEEDIEHEEER. TDRIHRICA > TWAR
B, REXMHLTEE LI CMBDEHEIE, B 5
EENMEIEFH I TV THBIDIT. BRROBIN%
INOHTWET, —H., BT —_A DFEIZIL, BN
DIERIAELDIRIEE LT, EARKHENRBETH
BZDODKREDH > TWEEA, £, BRESIZER
TEEADHEETIVET ZRES L H Y £, W
EAIL. REBABENRLD Y., FrEWVLDIZEMHR
DRMHAHZDTT, WA —RAIZLDFHAE
CMBFHEABDLARNIILETHASEE2DNEREESTA
9. SO, FHAOMNWAEICEREHETEL
o, SBLZORNIERABLGE EBbNE T,
HLWTATTHHEH. BIFLDAH £ TIELELS
SVLHICHEDEROA, TERBSRL LTV ET!

SEXH

M. Takada and S. Bridle, New J. Phys. 9, 446 (2007)

M. Takada and B. Jain, MNRAS 395, 2065 (2009)

M. Sato et al,, Astrophys. J. 701, 945 (2009)

. Kayo, M. Takada, and B. Jain, MNRAS 429, 344 (2013)

M. Takada and W. Hu, Phys. Rev. D 87, 123504 (2013)

Y. Li, W. Hu, and M. Takada, Phys. Rev. D 89, 083519 (2014)
M. Takada and D. N. Spergel, MNRAS 441, 2456 (2014)

47



E/ \’r)l/ ° jj705/7 Mikhail Kapranov ~ 2PI5 85 : #3#

B

O EIE, RE RBEMWFEZ L TERmO D
IZHNET. TNoDREFIE. FERICHENLL DN
SIBIHRNG S DEELEVEERTOZEORR
IR LD OBRNGEMEHEEDIRTT, FlA
&, HENRFREETH 2 BLMABEERIL (R0
.M. Gelfand & AV. Zelevinsky & DFHEHFZTIZE > T)
b=y 7 ZREORBNBHEOBRE) 2T
TERLE L1, TNid, BROUBKEBERRICH
FAYRIZEREHET 2HAEHERANERTSH
5. B2RY =T ORBIZENY F LI, ThoD

RIFBEI 7 —/EICECBLLONTLET,

AR ER > TS (2 LTHIFEL T&E) A%
KBAZOMOA M, FEPIHEEMETE (FHAEIROAE

‘/’V;“/7 -] \'j_\/_ Shamik Banerjee  BFI9 8 IBIRYEFE

BIMES

FADEZDMRTRIL, KEREGDER T, &
WETo T X k- Iy hOE—|(Z&ER L TH
KHEfTo>TWET, TVFVIILAY - Ty bAOY
—l&, 7oV IR—IDLEFRARRE T, WEZE
DERBABIZIGESNTETE Y., $/-B0ERIC
BITHZY—ILELTHENIVOLEN>TETLET, FA
13, BOERBIIBWTIVI YTy - Ty O
E—%5ET 51 D0OH - RIEESNT EDOREL R
ATWET, /oo RO T 740 v oBHE. LY IE
HEIZIZADS-CFTRME (R RSy & —BREZBIZHE T 53K

DR, ERXROEBRITEMAZ (BXWIL—T%
INZ DB ORBERTINR) nd Y £7,

Bl No2ToaBFOHR—NN\y /7 R
52 %9, MAT, B@moKkLH@En (ZAB. X
B, A7 RER) X, TN oRENERBENEE
12 (IR7TM) BRLEICREIN AR WIEBRLZ AR
BEBFONRERDIRANEFTE LT, ZnR#L
Wi & DBIMESRIE, RICBRTOMBEIZ7 70—
FILBRIIBBIZIRDEEZONE T,

B ABEROBONS) ICHEEEL - TLE
To ZOWMEE, Ty X> k- A
—IIDOWTEZLDEELGFERAE5A T, NodiE
REGOEFROAN OEBT 52 N FilcnFEL
BT AEED—DIC > T ET,

48 Kavli IPMU News No.26 June 2014



7 I)Z I\7 : 7\\|:| —j—— Christophe Bronner  SFI% 8 RERYEF

BLIMEs

MlEF=a—r)/ OERBROME, FiiZa2—K)/
RERRICERZY T UAREToTLET, ZDER
Tld, HBTL—N—TERNzZa—F~) /P, %
DEIMOTL—N—D=Za—kr)/ELTRIGL, &
BEINBZENTREICRY £, £/o. ZOIRRILCP
N DD LNEEA. ZDBE, Za—hU/
ERZa—F)/DEGBIREERT &) T,

N E T, FAFAET2K (Tokai to Kamioka) 52E6%
IZEWTIARET>TEFE Lo ZOERTIE, —a—
M UIREIZIART A0, RBERBENOKXRERS

%i}i 54*—% WEE- 55T BRSE HE

BLImEs

IR, BFIZARS Y ILS T T 1 80%
BAERERELTOET, FIZAIE 4RTVv> - LXK
AR URERIEABBICOVTIIRERDIRE
DEIICRL A2 THEYN, TNoDEY 271 ZEH%
AN MELTEL LI EIZGATS, WO L
DEETHLYETHI(EONET, AKRDZ L% X
ROw )T T aTFRLHREIZHTNILDTY
D ARY Y ILT T T2 D a8 LRI 4ARITA >~
Ry bRREAIMREL Y b (RREROBRITY) A&

==
EIJ--T:t }_EE Bl 0sne  BRNH: FHAE

BLIWEs

Fald, BESR SN TV 2 FHEOMERE RS EHE
WYIRBEANZE DL MRBEEZZA B0 E WD T E
ICHEEDHY) £9, SETEIEERETHEERLIZBRD
BITEEL T, BEHL VY IHEINSFHOBENH
ZALHIZT BMRETT>TEE L7 Kavli IPMU T,
2014 % 3 AH 518 % - 7= Hyper Suprime-Cam —~
A TRoNBT—5xBLT. LYVEVWSBETFED

FILRAMEER J-PARCTER NIz a—=a—r1)/
E—LADNIEBEE@HEAOX—/X—AIFH T IZmITT
HEEINFT, FAld. NE T, BIBEREROERE
EBHE, L0z 2~ /IREIEZRT S PMNS (R
T ILR-B-rR)I -k ) BRI D X —5 —%RET
52D T2K ERD T — 7T AT TE % L1,

RICEEL, SDEZAEY2T1ZEHO [RUN] O
YN MEZTE TV E A, TAIEMERRERP
TSIy L7 EREEVNLRDY S [BL] &
REROEEZF L CARTLET,

BENmEAEL, 22HhoBREIXRILTF—DOMHEIC
HIRERHT2 2 e ENBREIRIAT A2 2 HEL
E I

49

Our Team



Em%} %_ nHEE-I50s  BRSH BIFYIES

BIMES

W35 E TRER BT — P EFRIC DWW TR
LT&FH LT SEEKZFR>TLW20E, oD Em
RO 5 & SNB ADS/CFTXG & IHEN 5 T8/ T
To TNIIRERMTHIREE SNTUVLLHKERE T —
CHERERODITLEFET, TNICKYHDZNIKE
IS OVWTETRIEBIOREISZEDVARTEINE S,

BEFANRTEIoDIE, FFEMERF EENS T —
PEBROATI I bTT, BEDIHRTIE, HHED
FEEMEETOENERBAONLY E FAL, FEIC
Lo TZ DN T ERIEL £ LT, EKDD3IT L—>

=V Nt N
7-.KEH E/‘E& wnts-non  BRNE BRYER

BIMEs

BRERLZBR5YBICH L THVREZRE YR
BEMENRELTLET, TNETIE T, BR
VEBEERR, EXNBFE—X > MAE, BFEE
BR, CL o CRRICEREDH T, BRBICNY 25
MEDHFSEBBEETHET 210D FREMELT
SE LT ERDL S BBRAERRICED G E
BRERIE, IRERIC K SFPIBRER EBMBRIICZ > TW

Yz =
)EI%K 5 JC =ues-vss  BMSE FHEHIR
BLHRE

ROBEEIL. FHOWBFY D SIRE. H5WIEEREK
FTCOFHOESENBRELELPLOMNIITEIETT,
FEOBIZIIMEER (1>7L—>3Y) i1
EELNTEY, BEDFHLIBEIRLF—(ICL
STIMEERL TWAESNTWET, FEHOES%
ST BHIlIE. INODBRREZHLACHERAT S
PERAHN ET, INEZIFT, FAlZr>7L—3
VEBRIRLF—DOH—RUEOMRLELITH>TE
F L7, 7o, BEE, 17— a3 yHICERS

MORBRAICTO—TTL—>% ANni-RIL, Defect
(KPE) & L I3BREE - FER T — Y BR% =R
LET, ZOBBROMBITICL > CHEBIMEET L7
L—>OBRERESAICLIZWEB> TV ET,

9. FIS, DHLHCRBR THYEDIMEN R DD 5
BTl EEBEADE, COXDTBEY)EAITE
TETREILBDZDOTIFALDNEEZTVLET,

NZEIREDOFELVEY KNP, £y 7 IR TFOHEZ
BARENFEOREICKITE (CHEAY B> TR
LTWhEd,

50 Kavli IPMU News No.26 June 2014



=E

BLIMEs

JH= -
/83 rro-0osl  BRSE ERYIES

BEYMEP—21—r) /EBSICERT2BERBOMH
TET>TWET, TNODOREEEERNIZE)ERTEE
BRTeVRA T —ILDORNFEETHBT LI EEERAT
WEd, RIlE FIL. BEVEORN - IEBMER
PRIV RS VWERMELR EOFHEICEITSY T
VA0, EROBEVENTES DAREER E 2 HE

T/]'ZF E%‘;% rirbe - »y0os  BRSE: RERYEZ

BLIWmEs

FHIEZEDLIIZLTSHBFIIEY EiFonizm
TL&EID? BRNFO—DOTHD_a—rJ/IZID
SEEEAND I dOTO—-T718) 9, Za—M) /g%
DIEB NS RIGKTEEIC L > T, KEP#IRO A+
MOBENLGBRES5AET, /o, Z2a— NI /HT
ITTRFTHZH VWO AL, REDYEEDFEH
DEARGTEZLE5Z T, FAlE=a—FJ)/ZHELT,
2D &S HIAE A KamLAND & & ' KamLAND-Zen 3=

MICERT S ezBELTLET,

BRCIT>TE £ Lo A7 UIPMUIZEWTIE, O
Rkt L EbHIC, BHEFKamLAND & L /o
VMERROMEZRBLE T,

7 [/ 7‘&’( ° I\)I/X l\7 Alexey Tolstov HRHR: KFEYESE

BIWEE

FADIFRIRIL, BHEDIBREEE L 7 iR —
A RDERE, AR KL EXERBOBENT—5 D
BITICED W TEBET 2 WO BELHLE L THEK
ENTLWET, FAlL. BERFOBFEDNEBIZEHEITS
JEFETRSITABREORETT Y VLY, BB
FEDOHKFBEBONEIRE AT MLIZERSNSTT
REBDES. BEEXZEDORER, ROEE AN
WLRBEDICR T 2BHED> 3y I TLA T
FRS (BHFEIL. BRETAIBICRELBEENE
HEEZRITHAZEIZL) BRIV BD DD, ZD

B, BRED S 1BEREDE., KA PEMXRZ R
T2RR) eWRLTVET, TNSDIFRETH,
EDE(LEFTHBBET 8O0 DELE->TFEREIC
O&E%25Z2 %5 ETRILLET,

51

Our Team



Round Table Talk:

MLUFEXREEE, €—F— - -TJ5—KEFE

E—%— -39 —F peter Goddard
TIVZAMESRERER

U FE covz oeL

Kavli IPMU #ig &

KE BT 5500 050

Kavli IPMU £ERE

Za—bHRRFAEHEICEESET

KE SHIER B L ORKIZTSH
LPEZEY, HYHESTSNET,
J9—F ES50fLEL T

KE O —RIAZ. SORIERE
DR TIIHAEHOMRERE & 70>
TWa, Za— bk HEFROIREIFT
REBOONE L1co BEDBIZIE,
MRBOFET L BFRDLED, BEEED
STRASNIZEBHELTULE T,
TJ¥—F FL, oA B EHIZZ
DTS/ £ LT

KE 20, 7YX YOEER
FET (AS) OFiRLBSH 5N, R
o700 2 LxihkEnE L, &
FERZiE, V—<x>rrav oy, i
BRIZAREREBS H ) £ LI

52

REAN»LCEY ZEINZE LIz, Z T,
I BIEHBRI-DORBICEINEZ &
MERHBEBWET, £z, Hiatc
DT INTE DT Id, YIRS
ERVBERNH Y £, EBE BHHEIL
Kavli IPMU®D O A% L TH & Y38
POREOEEOAEIZOVTEINE
T, TNIESHDEEIZLIZVLD S
—DODT—IXTHHY £T,

Ml Fald, E20°>oTZa— b Uf
W EMEICES-OHO—EFRDOE
TarvEEDLS ICHOINIZDON, £
IS THREELED LS L SNfzD
M EVNDZEICDVWTHBFLERAN
TcWhWERBWE T,

J7—F 1980FER ¥, Fh& . TE,
B2y 7 )y YRETOREIZED
%, BRIZZ S W R &

Kavli IPMU News No.26 June 2014

WEWSZEHXZOLOLERLE LD
12720 % L1z REICOIY) &R
BRI DIRE 2 B2 L TE
T, ZNIZMFEINER R ANTZED
DR ZHRILLIIzD, Zo0vo
ToAERFD W DL FRRENT LD
TY o BFNICL > THFEINIZHIE
Fio—fleé LT, FAYDRVIZHS
LY =TIy TOWMER (LY T
Ty TERY IR - T2 8%
MRATRIILER, REFIChILY IR
Boi) $EZTT L. NUIERICH
ZIHES (77 v X2ER2HZm) (&
HEO2—2DFITY,

RE REKZOHEBIFHERAS &H
E 91,

J¥—F BSEMRICHEELICAL
Bk, LIZLIEEDOETELS Z &



NTEHLDONHBH_ExHIZLEL
Too X 27K DIEETIEH Y £ AN
T A YA TIEN—2 L —IZMSRI (%
ERIBWERT) . U7 /N—/NFI(ZITP
(B ERMIE) —IBE EKavli
TP (A7) ERmYEZLME) TF
P—DFHELE Lo A2 BDEZLD
2O W IR TH /N T « 73 )L324R
BaEEl L TWET, ZLDAREE
Tl MRICEFTEZRETBS
FTIDIZHEN T BICIFIERICR VLIS
TTho, LHL. EEIZIEZ O -
T-RERAIDER T LI, FAfcB L, B
VEIN=NTIITo TR 7O A
DEELEFEofc) . F—N—Tx )L
T 7Y NBERROT -3y T
IZSlfcl) ., E4, BB RlET
lEH 21, —H. WABDRNEEY |
AXYAN, Diwr > 7T )y I i
FREESEFELIENTEDLI LY
BELEEZATCOLE LI, BHIOY R
VTIEZIDIEEEZRERDIANTB S
WEL7co A4 - 7)) =28 Eb
STWE LD, ERICIEEYN £ 2 A
Tl ZL T, 7Yy PTIER
Tob IR TN E Lo TEZ DR,
Ty YRESERIZTIERL, £
OFDOALYS—r)ZF 4 - ALYy
ey h-YavX - hLyP—I(C
FEARBEELrHHHE LN
EDDD2T-D T, 77 vy IR
FHhESTRML, EEMREREICE
NIZR Yy FT2EEEHT LD IC5E
UL, ERNIFRAZERIITE 5D
HLlnmweEBLE Lz, RIZ, fafk
LSRRI TFE L EEDE
TIAEE S HBRENERD BTN
HY)F LI BB lE, RS FILIE
BIZINCRESINERET, £59N1
EEWKIBEEBEBTICRETHAD
ERLTWE LA, T e FERFIC,
ffcb D% ld, BEERRVFIRER &
LTiE. BEH 20 IIRIBETH Y
OXF—=N—HMRETWBEIANE
FLLODOTE AW ERWE LT, £
S FTAULHTZIZRRIL T ZAFZRATIC I,
WERKFETIIE X 2B WARSE
EERLFENHEHNOSESEE L

MTEDLEWD ., LW REAMINME
MBI LI T, ZDKD M
REIDEZMENIE LIc—DDEHIE—
ZHIE1930FERICENTERAT Y >~
A~y EEMRAEIEOERIEZD—
D5 -DTTH—BRDOKENS P
ZIERBIITHD EWNDI Z LR ERN
¥, HEREZTLZHITHDER
WE T, REIFFEDVHREZEDNIZE
M, HRICEBAE L TERNARE
IZDWTREBRIZHTA Z EEZIAF SN
55 TlEm d, BERE LTHEFSN
BHIRDTT, —MAIIC, S ICIEEE
DEROREFELERMT 2RENH Y
Ftho LLA. HOBATIZLTRE
IZHZREAMOKIC, B2 2FHSD
FOWMRE-LERMNT B EDAD
ZWEBOHNET, NIRRT
ToBE DD K 5 R RAHIE Z 1232
N—D2THDERBVWET, Ffcbld,
DL BEREIETELLDERN
¥ L7 b LA ENRBIEVIAR DT
BT AMEAMEAENIL B XY
LEEOMEEN S LN E DY R—
FEBZTHAD. B2I2. o1
[FFRBEHTEE T 22 EoNns
THADEEZTZDTYT, ZNnlL, Hl
= a— FYIRRATITS 2 ENFER
MTRITNIERSBRWEWLD 2 ETIE
ml, BRIOMER IO L EETNTE
N LT, ZOWRATENT ENRE
T5IEICK BB IEAEAER K
S2EWVWD T EBRDTE A,

Ml ZOBEBOOKEY > =D I35
TIN? AT - T T4 V—T19dH.
TNEDLHBRI-DMDHENTTH?
J9—F [@ArWE LI, E—F—-

SUYRARRT, =T v =X,
ZDMTY

Bl x—7q > =N
J¥—F RAA.X—Ta4>-U—2X

BEOIroREZITEDY & L. %
NhroE—5—- I RARTIEHAE
—HBICEELRREEZRICLE LI, T
BB TRELEEZE LA LS]
ERITE LI thh o, EEIZEN
[HMEETHDHYay - A=V &

RE 2N, RETIHEHIZIER

YIRZE(SHMERICTBT 5 EEZD
Nicfzb T H?

J9—F EWAWIZIEZ S TT . &
WO DIk, ZoBERERDIC Ty
Lizdld. I6A#ZF - BRYEFR %«
BOHEIIZ 12N B TT,

RKE HE-IBFGCY—T1> -V
—ZADE S B—ROERYNEFESLH
HEFESIZFIE L TWLW oD TY 1,
J¥—=F [EL, £5 T, bDFEF
HobHYR—bEEE LIoH, BFE
NEELTEBEHELEDE LT, FA
FEEEEBOERYEZHIE T LT,
KE MERAOEEAIZOVWTERD
HYET, FIFE. Za— b UIARRR
KRNI BFZOMRADEOHNFEL
TWices-Lre»nE Lz, LD
L. FAZFTIZIZW L D DIEEN B V)
9. Bl AL IASRIHESD & 5 72 fff
WETD@AIE. Z DEREIZH Y £7,
ZORNBEOEBENZELLENANT, &
SHAMEEEZEE DI TCLWET, —
A+ MSRID & 5 R IAZAT &, HUSE
[FEARMNIZ LR L BIFTRZ T,
RIOTTLDATHRBEELEE OIS
F9. HITHHEIR LD IEMSRIA
ATl

J9—kF Z57T9,

KE Z50O5BEDERE LI-EH
(A >7-DTL & 5 H?

J9—F WWRAZERLLOELT
WIAREZEDE T, 1980FKDEKT
THRD LS mEmnd ) & Lz (Fh
TBENERZBOI-D L 88FETL
12)e THOVOHERMDE > THANIL
NEEF, DF ). TOEBEOEENHE
mERDE, EODDRA > EHHY
FT.BEERED—DEF IS TY, [F
HELOBEBEZF DD, TNELHF
1oL ZnENICRLA H ) F
To RFEDHERFTIZE > TDFHRD—
DIELTEIR > THERFEXIET S
HBEERT 2H0?] Td, £E2%-
THRFADZEEZRTNIZILTLNSE
%850, Zi. —2DOHEILIEE
NEELLZHERBICEASZ LT
To ZNIZWEY I N=NZDITPH
ENETIEEY £9, AHEELOHIT

53

Round
Table



fEEBEWNHEICRE 2MOMEL
BESTCAETY . BFEMERDL D
mETAHT, INETHRAFZFOERK
MEEAELRD ST EIFELIRET
ER)

RE ZOLOMREMATIE, AETE
B ¥ 2RICIIVE ZEARS

YR7BELETNEBERREEES
BE5BARIFRLEITO N

J7—F BRBEIE—RADPVLDO2EE-T
WBZETHY. D EEMR
OFIREZEDH TWEIZIEE/ LI
BALELS ELTELZIETTA, 25
WO ZETY, IMERKRBETSHE L
TLIEBEIIHRRT—ATH-T, *h
KN HEELR LB RRE F
T35 ¢&T9, REEEZLLOEL
TWBDTIEFBEWZ EEDH>THD
YLD BAVBETT, JRID%
WRIEIZLE D ELTWLWBDITTIEDH
NEtEA,. BELI LIF. ALDBE
BRXEZETDELIBMEEZEITEZ
L RNROAEEEZDZE, TL—
JAN—%ZFERTHEBRDTT, %
SWHZEERLEITEIEE, ER
ICRWLWIRE L TWAAERIZIZM[ S
BRI WESBZIEE, ZHER-TH
57513,

KE ZORBIISHOBRHIEELNTT
o 5§ BIZIFVRIVERBBTLE
L) 8 A

J9—=F Z5TY. TNDRFLHED
REFELRITNIERY) F€A. —A
M ANRFINEENIHESEIL LR
WADWBDE LN WIRERRTDA D
—FEEERAN Z O EIEBVWE A
M IHEAZSTH-I2ELTHZD
ANELBDOTI—ITRT—F T+«
yTFYREI—=)L - R)—=Za, A4
D&, Tl b OHMMES D LB
DEBOTA*ESICEBELTLE
DANLZENHTLL BDIFTT o, &
LMIZEEFLVLDTY, HEHERELY
TOARHELEW BN LD, 55
S22 EDHEL S ERIINITENRE
BOTY, IR IH WS 7Oy
—&EWE LA, ZOHATHEHT

54

FE2LBVET, BEREFORREL
AT UEESRBEIZITCTL &
51
MU BEATHZS5TY,
J9—F ZoOB, KT H0ELRER
1A B EITTY,
MU Zo®EY) T

AIZNER
RERI1H > T,
S N F )
IT£EAo
J9—K B E
[FIERICIE-EY LT
Ml HREWNAAESINIETICLFE
Ao £DE!N TT,
J9—F 2MEMELEALYIELZE
Yho BB, TARI EIZERENT
ThHo,
Ml BEBHY) FB A
J¥—F IZF-> TEIACEERIC
FREN-oEBELICYIELEYE
Ao NEZEBEZDHT-DIDEGHHEIC
T HITTRRLVDTYT, £918%
TRZIZAFZTEHEAENED ST
HAHS, NEEERT 2705 T
DA EFTEHLE LNEFTA, &
EHEMICTCENILGENE T, &k
BEFOBMIIET IR MEEES
NISEREZB 22T, EOHBAF%
BIADRD B, BII—FAKEDS
WITZZERTL & Do TN EIFRCIE
RET, A BISBESELELRTE S
ANBEEEAS ELTWVWEDITTIED
NEBAs BAIcBIEARDYIDR A%
EZEH>ELTEY, BHLLRWER
M—=2R2H> THHETIERLD
T9,
KE DL BHAFRMDOAETIE
[REUSRFESNA W] EWd BB
TlE> L WD neEWnWD 2 ETY
o
J9—=F L B5AA. T ALDY
HATERVAL KBIETEEE A,
Z_CHEEAToR-7-Z il %
To LA L. FAlL, VRO EBITLD
ELARA S EICEEANR Z & R L&
ITESETHIENTESEIFBWE
Ao

Kavli IPMU News No.26 June 2014

KE LHL. Za—bUHRFADS
Sl ARE EBZ IR ONE
L7zo

J9—F Z57T9, BHIIELAH Y
F L72h, BIEARENRRIEMIED
RE L7072 ANRIIESHO T
T, FHE>THENL, FIZH vy
IN=NTZDETILIZERTSEHLDTL
7o Bz BlE. ZOBEDETILER
SEIZ, THE L OBIRMEBIEDLER L E
RDHIZDTT, THE L OEREEL B
CEEBICZBOREXZ L7 L.
Flo, 7Ty I TIEBRIZEAL
EENEEOEBEE>TLHELD
BEHR T RlcATELIEETL & D,
RKERNTELHERZBDRVIDELD
REEE., HDWIEHDLEWRT IO
RATICGEZoNIFEESZRoNS
LB AT L EVHEZ S & T
g, MoroRNE5|ERIT L
2B TL& Do RIEIRDZ ENERE
TEIRNEZLED—DOTHBHERBNVET
—INHDHEHRICLK 272U T35 h
EONENY) FEA, TX AT
REERCYTLIE A DT TIERLOD
TIN—DLIBRMARFAEIEAD &
THE, 7Ty IADANIZB G
YTy DIITERN L EWVWSEHRT
WIRT 5 THAS L. 77Uy IR
DANIZBIFHRFAD Z D K 5 ERID
EhES5ZoNTWS EWS BB TH
WS EHDE LN EWSBEEASH Y
9,

KE Z2¢&HE

ZETH. DR

FHHLTEBEBL

£9, TrynN—

INTIZITPANT &

fcEEH. WAL

AbLWBALL LNEFEAD, ITPIC
BImWIEAEDHBIEI-HIZ, Th
NI at7 - RILFYVRAF—DPT—R-
EILRZAT VDX BIARELEED
TEENI-FETHDEMELI-DT
[F7WTL &2 D

dI5—F . TP TZZLEITYH
SheN—=KL, Yarv-h—T1,
KT - 2aHh—, T, BN AT



EHRWE LI, TP TE /oo IC
MEBZOREREE LTOY > & /83—=N
SOMMNIEBICEN - EBWE
EX

KE [MPHrHBZEICKN, KRES
HELTHHEEBTLET . TIND,
ERFNDE L DANZ ZIME%
HTWBEBWNET,

J9—F Z57TY

e LA L. T~

PANPASFEZ

ERFHLTHSD

ZElEb o EHL

LWDTY, BER

5. BICRWI ENFERIZECRET
WBHHN"BHTT,

KE [BRAEGTF>T )y oWbBE
T, Iz LTLWaDiEsrs, #n
EREBRL] EEbNEH L LNAL
RTd 1,

J9—F Z2F2AHBLATL&L D
KE Z—2— FCHEFAOEZARIE
BOAMITRESNIZE WS 2 ETL &
2D

I¥—F R A, BANICIZBUAMN R
RET LI, 7. HOWIC MBI
BREHICEYEFT., LArL. LWIhiC
PLEREZEDLIDIEEETL, &
EEHDLIHIZL, IS0 o7
BUAMZREE L H 1) FAfo b (d 75 <
ELRBEERDRERITEZEITARD
¥ L7

KE Za2— NUHERFTIEEEBERD
BYMEOFRIZHY . MEREBH T
WBT-H FEEICRCHBEELTULET,

{ERAREII7ONMIER SN =2
—h SR, BEFERRL 2B

J¥—F WEEFZDBY T, T
BlE, HEHRT, 77y IRE
DHRLIZHRRZRETEDHE D H
RfE TSI NIELE ) FEATL
2o TOHBBICIEEEFEOERY E LS 2
) EFS BHCRAICBIEZ 0EY
ZMREBOZINZIRES 5 &£ O ICEKE
TEHIENFBICEETHY ., HLEE
FORYEFIZANIGE, FNEH
BHVWCESIZKRTEDIBIEEAL

EEIZRAARETHEEEZ TN L
7o BBEOEMZT)) HOTHEEHE
BESTI2DEFFEEIIEL 2 BT
ER)

KE ZTNTT > 7y VREDEH
KT 7ONMIBELZLEERTSN
J=DTEH?

dJ9—F ZHZNHAEELRERTL
T2 2BEBDERI2O2OFER (58
B - ERmYEYR LR EEER)
SERINZHEEILBERET, &
5B AR—=IANBEIZHRT LD
SR BIEF LW £ 3 AL TET,
ZLDEY Y —HIFREPRBIBT L
THHLHIETATEEHATL,
KE DEIOEBYIEIILAN— - 2R
—h~ZHY £ Lt

J9—F Z Ao

RE @ArnIHEDLS>BEYTL
7o

J9—F £<(ERPHY TIR, A%
E2THT LIz, TDEYDHFTKE
DHEMRBANERICAZEHRILTULE L
1zo

KE MERFAPMCERIN, K2R
NENEEBL TZDBATICE &L
2 Z & Td 1,

J¥—F Ffcbld, b LR Z K
B2OFROEBICBLCE LT, $EH
FEDALEH LR TEER LR ITNIL
BREBLHL LNT, £S5 THBERS
L2 DBANZ SHEAITHERETHA
D2EWD T EEIEBSTDTY o % DR,
ZBIZHDOFBT AV b - Y3y
ALy INTT—h—DRERM
ZFIALTWE LTz #NEb - &3
CDH—b> - WLy PHIBELTT
TNy PIEDIT R o L
RENTULWEZHDTY, MESNSH
H LN >T-DTET A, ERILE
10FEZEMDEETLI, TDLH
EALyYHBWIEKREOENET S
BARIZCETSHIEICR>TWIZDT,
b ALy PHRET, HELOE
BRI OO LA ALy
UHFBELTOARLDE VWD FEEFES
HUEEE, ALy PonNiLy— (35
BEo7zo—), ZUR-Yary

VHAZDOBEDEICOWTERLT
(NFTcDTY o ERISEETBEENZ
DEHIZ ST INEBENS ZEN
Amh) E L1,

KE LWITNEBFEROEYEEZ
ZICEHTAEVWSEYa Vv ERRICD
S>THELNIZRTYT N,

J9—F R BIEEDE - LB
DHBEASEEZTHE LI, LY
L. RN FERZRT 2007, FAld
FIEDYATI - TT4¥ =Dz (C
EHZ ZICEO GEBICED > T
DTTH, TOHEFHLDOEMN 17
AINDEEBEICH D E WD T EIEEICR
BrRRERLE Lo B> TH & o
EFELICTISEVWSKICIE R SR
WTL&De OV ALLBEIERY T
AL L SKICHRSHRNTLED
L. ARFTICRY H Y DT AZR LR
WTL&De HBERER, 1TAILEL
IDIFETBICETVERADTYT, O
VRV TEDIZIEFEOE T
ZAL, IRALDIHIZIEHT LD
REOENIELEFE A, ZNT. AT
bld, Za— M VIARFIORAZBEE.
BEEEBEICBEREI L8N LA
FUER SR ERDTZDTT,
KE ZLTHMLE LI,

J9—F ZZ. TNH oI bIFE
SEFELRITINIERY EFEATL
Jco T CE—9— - TV RRKRT &
MWEX—F 4> - J—=RD LD AT
LDEhTHE ) THEESORYDER
BROFEICEFLE L

MU ZHNIE2EICEEDOH D S EHE
122D TR WTE D ? Bt AHld
FLWARMAZRE S5 & RARFICH
FMEBBEIEI-OTTH 5B,
J9—F B IEBICHHRFE HE
TETWE LT TIHHESEDIL
HELOFT L WEADT-HT LT,
MM RBIFE,

MEEDORFERCICEIILIc=2— >
fREFDEYERE

KE T, BYoFEEVWRIEAW
Wl EDRBNET, DT Za— kv
MEFAZHINIE. 725 £ 58BYICH

55

Round
Table



TINTLEFWE LT AREIZE S
T2 BAIZVWIIRC TEEY T,
FRRIZZRANR—=ZADHY, 74 R
hodbEb S ZIFEBDE o/
FTYT, L L. BADIARICEFL
oL, $CICERDF 74 XUIZR
NEd, ETHLRCEZONTEY.
FEBIZOEHERELTVLET,
dJ5—F HUHNESTENET,
KE ZO#%Kavli IPMULE®HZ D
MEFAN =2 — b HEFTOEDZ B
BoTZE Lo 2HVIREEER
DCETICE, EARBRZIZE ST
DTL&ON?

J9—F BERAIFICHELZEEF
Lico MBEEZZZE, RBEEN5
ENEERIELTHEYZANL, 55
2. MREOZREREST 2LENDH
L2 tEmBALE LI, £H. DRI
IZ—2DAMMENH > T-DTETH, %
3E. o lFBLRBEBEOWMEAN
HoT, BN ThbNTLEES
L, FrREEEoERTXAILE L
D Z DA THRRATIC iR & 1T
SODMARDORMEHBT-00, H5
WE—ATBDOWRRE T 5100 &
WoZeEbdHNES, TUVYRbrE
SR Tl R —ILIZK > TR
DEEILEVWETH, ERWICIHRE
FEDPBEOMEREZTVET, mD
EEIL. BARZETIEZD. BIZILE
BR2LYEL HEBRZEESDELE
LR PHELDOTTA, TN
27 —=LDRYANEZIFIZEDHD
T, BEMEMEZS LI ZYATILD
BV EET T o IHESISHFFRE D
F74 ATHUZAD > TWLWBEWLD R
TEEMEFMIOEWEEZAET. Ly
L. Sfcbld=a— b HIERTED
NAMFEFRDILIZROEBENERICE
WHDTHENZIZERDIZDTT,
ZOLWHBRE LICRTT, AR 70
o LERBEL. SN 2HREIZIE
AR EECED ) TRAVLTIZL
WEBRMIZES S, BT H7o0IC
KEDI2E, SHRBRIDAEDONIZLD
2. b LECRSBDDOF 7« XIZTT
X, BODHELTHHELNETY

56

M. AEEE LTERRT B ERD
TY, FAfcblE. 2o o/l 2T
EIREICEY AL E LT,

XE ZH. TNEHEOBERICR
Ahroh-T-EZBRIEICESEEahE S
ZEELBRLTLET T,

J9—F Zo@'Y) T, @BFIEAEWIC
HETLHIEDBWAT-BEEED F
To FAIZBIEI S Lo lc—EDIREE
BEETHEMEIIL, REALDOEFFIR
DB B TREEBMELDOH,
4> TLIZA, BELE LIze 2
NSOEREFBRIC—HEZ->THH
L, BB IERBEOFERZ B8, £ 2
TIITHhNTWB Z & THIRWRAT
HbELCK2ICLIWZ EE, £ 2 TIE
SE(TETCLRLIEIZDWTHEE
L. RHESICEERaEHBLEL
oo EXAGEHELEL, Tt h—7
BTRBEARDTNBELEDIZED L
I LS LT BN, 1~ 26
FMOTLEVIZRTIELLEKBL X
L7zo BRSRICRE - I EBESEERSPT (3T
RS L Lo, 2 OBEIEERIC
BT D INT AR RIZIESR
IZEWH DT, FRIZAZEDH Y
BYOSR TR {THhNTLSE 0 H#SL D
D2 TWBEWS T EARTFATSHE
DTLTzo RAEINIZONT, HDHE=
R, 2O5VWSEICEZRBNDTY . &Y
IZBT2HRADRERIZIZ. £ 2 TH%E
THMIZK > TR RREE R —IL
N ET, 77Ny SORFESE
DEYBICREE L TP TEDR
5. B OWTIRERT 2RFE R T —
JLIEL 29, 3, HBHWIEAFIZRY
FT. HETHNIFI0ETT, b L
Za—hFYHRRICEY Y —E LT
KD OBEERAT—ILIE2~3 58T
To Z LT, BYIZOLWTORENE
DEIBRHDIZHBHIE. TDRE R
ToANEELET, BIZIL bLE
INIZ2 ~3FEFET 505, BYA
FEZICEDLS TN EBEEENT
TRERIENTEET,

XE BULELAIWELLRL, oL
BREPIZON D LD TrIFNIEWIT
Ao

Kavli IPMU News No.26 June 2014

J9—F £<{Zx0®Y T, §<hHH
HED TRITNIEFWNITEE A #ENIC
BYAEZI0DTEARALTHLAIED
Do TLEI I & TNIERAD L
TIE—EDLDTYT, —EEVNE
ZERLTHLWLWA 74 RIENTIT-
THH R, BHOBYRNTRETLS
AL TLESDIFTT
oo EZId—e—2H5HhETL
Fofcb, ZODEISF—EDHBHE
BiRlFTB L., EICNEELDH BN
M) ET, ST BEBOEY LB
DTEN, 3FDHFBHAT —ILIZED
WTETONZLDTIN L, Ho
25FE L ERCADICIEH DTRER
BADDN £T, ZARIZHNY HL
EHY FA TNHZ2— VIR
FTiZYTIEE52DTEA, BADA 7
1 RITZDETBE, BERAMIZIL—
EAS—D LD 7 T, AREEEY IR
1FA5Z &) £3, TNIZHL T,
BEEDEY TIEEBEARIL—NTH 7
4 AT EY DI E T,
KE KIZIEFZ5 L0
HHENH LNEEATR,
J9—F FRRER—ILEZBYIRITTEH
DOBFEEERT I ZHUEA YT D
BREIZUTWEDTIY, 17T T
. A, 74L2 VIR IFDk
SREOBEREEY . KIETED
LOGEEARLBN XX AH5EET
ZNDTYT, REEE>THELP»ARYT
L1 DTEH, = a— bR
L Z 29T BHLIIZLTVWEDIFTTY,
BRI 53— 77—/ LRDFE%
LichES ) £8AN, BIET
ZKBRBANT, HRAMORYDIHFR
TS LDAIN—TLT, 2L L
Tho, WEHDRESHTIO2E272D
Td, [ZZIHEATHRIERIZE
WE TR [AREBLDTTH?
b EBES > (i EAL] ER
NED &L REC TLhPLw, 221
KT, O—E—%—MERAT. 1KH
L9 HE N LIZITE IR 27,
ZTNThRALIZIT IS EHEEES
EL B EBHENICHERED 5N D,
BAEMBYIRITA E, FI-#INEE

BoZen



LDTTL %, ZDHH, BALWE
IR BATE

KE ZZ. BRBALCKSHREEL
¥ L7 BYoBENrBERNIZONY
PILT, 74 R 2HEEBRICE
BOBE-SERTLIZ, $71-. D=
BDE, TLR—=F—DFRIZNSHE
WhHBEWsTzL D%, BYHE D
WO HINIZERTT, A n
fBOZETTN, [RE7 < —
DEREEEDEIRZIRLTREH L
M, TLR—=F—(IF>TWLBEEIL
BIET, anEETRV] LEHhN
TWDEBATWEYd, LT 2
M. EBICZa— b UHIRFT T/ L
N —DRMEEBEDFEBELAFEKRINIZD
&, Z0®BI <D e Tl
J9—F bIMFEHTLI. il
Ehof-Td 1,

KE ZNTlE, [BINZAR] &
FEAETETWLW D TY 1,
J9—F ZZA. £57T79,

PRI D ELREZT—ILD)
g

RE HEIFZa— b VHRFAOE
FIRTLIA. AFEBD oD TY
e

JF—F: ERXICIEB3ETTH, FEXRE
ZTOEICIEBDFE LTze TTH 5,
SERIIBIFTLIRTIC 2R, N 55
Frglc24 M, MiE% L& Lics Rl
HKEIFRIZCZIORDFE L1, 26K
ST LD THDOAIIHREITTES D
PEBRIEEBEWTHAS E, BLEO R
ZEEHBINRAY—bIBI-5ED
BEETL0E LNEFLAN, FADRE
BT, XY= bhSHEDNRYEL
RDHERTFDLDBERIZAZ->TLE
SDTEBLTYEANENDTY,
KE HIFRTFELIIHHENI L
BIFHUER 57,

J9—F Z A, IEx2B0E T,
FlEH o HEBEZI K> TED
T, ZLDZEDRDIFREDHD L
TT7740LELTHEY £ LT, X%
B, ZohrER LIz T, A
[FZZTEBZIEDARYBIIENAD &

BRLTDTY, B I NTa 7D
L% B> CIHESIZTT < 5B % 32 T %
L7zo
KE FIIZEMWICIHERD SBEN
£2¢&,
J¥—F AZA. ROFIZTT, &2
AWFDH Ly P OREENFAE S L
YYDRRAY— (K) IZBATLE-
ot AOBEIEFNTLEST
BTE2%8FHATL:
KE ZNT, BEEZ2— MR
FIiZDOWTEDKIIZEEZATIN?
ZORBTHAD EFHLIEY IR
SO, FNELAHELZEND
DE Lich?
J7—F 20BFR2DORICHRATIC
R &L BLERESNHY £ L
o, Z 2 CEEEENE L, R
ITNEFTOTETEAFHRLELE
D MRFABIERDBEDETILIZDWNT
FBICHEERAE LTz, RIUK., FA
[EARFTIC IE—D R e D2 —
b UTRERATICIE. REX T —ILOER
NHBERETHDEEEZE LTo £ L
T, E—=%— - Y RARTEREAM
DANTZBIE, ZDOH I N=NnNT ¢
MSRIZ 4 7DOZFTDOET LN ZNF
TO0FEBICH T o ERCER
VRS CRD20F, ZEIZLo T
5%A50E 0L LN BAD, DR
CEBH20FFHEIC, EBICRVLE
FTLTHASEVWDZExRBIELIZD
Tdo ROEDIZEZATHEL & Do
ZOWMRAM20FEFREL. TDOER
CHEBET 2, T L TXDBEZFEE
EFET52ElRh2hbLNT. 205
DB R T — L % E Z TBRANL R
ZES T 5. TR, TETHL205F%
EWDDIE, FOWLWSKREAIELRR
T LE2—%2F2RVEREDTT,
HERATIESH F1220F0BEHFH R L
BETHHEEZTHY ., ESEEY
TENEZELTVWBEERBWET, FAlLHE
EMTARY RICEONWTWnSER
WETH, ERICIEDHCEL2TA
Ry ROESE, BRESORADLNE
Td, LD L. A= 2— b iRRRR
NEELREME L TERLEBLET,

TEMD, WMEARAA S o 7e
CEITmERLTWETY,

(LUF. Kavii IPMU News No. 2712 #%
<)

57

Round
Table



58

Interview

)= 51/

12K

MEF ERIEE

2V—=r -4V ESAD 201454815~ 19HIZH
o Kavli IPMU %Z, £7-:20B~ 22HICI3EZFHHEETh F
L7z Cox&kid. 4 B17HIZ Kavli IPMU OERIEZHiR
HEEL-AREICHI-256 QALY a YOENEE
¢L. SHICBIBHICTTbhzA 2 E2a—RU22HIZH
BATITbNd5—DD QALY aYORB%H > THE
BRENFZHbDTT. (UT. ARXHHHEE.)

BE HRflEvavFRY
— ALYy ITRENE LT
ZOGEERRAL Yy ZIZDNT
BEWLZITEEAD,

T4y T4 VFTAY— -
1Ly Pl 650FFIICA RY
v VB ROBEHTEEDARLT
BT ANLDT 4 )T LI
Ko TRIERSNE LT HIFE
BERITHE CLTce v I R7
+—RKREODZa—-HLvY

TV=RY - FAY Y EAIRI2R
MO1TRETIF) ZADBFRBRIY
—cRXT VY ORT—), D1 VF
IRY—NLy I THEXZIT: L
Too Z LT > 7Yy YRZOBFR
ICAZEL, T7ILS R¥aAT 1y
FHBOEEEZTE LIz, 20D,
B2REFRE ORI L, A FY
AZETEHLE L1z, BE1 Kb
TIFER, 727V yJICRY. A
ICERYEBRICERLE L, Z0%
FAY Y EARI-RILKREIZTE,
NV R=TDOTFTHRLE LT
194851213 7Y ¥ R b v BERRRT
EL. £ ZCTETERNFICET
LERBARNTRL F L, Fhfe
LEABREE S BOBTFRILTA /&
ADERIZLZHDTT, ZOMRE
13, BEERBER DR S EHWED Z7c
CrEENWICAMIFTELVWERE
Bligrofle LTEFTHLLTL
&0 A EAIEI1951F(C—
FIKFHIE Y, 1953F (27
v Z b EERRAT B ARSI D
BIZBHINE Lo ZNLIRE60ER
EFFRHIE CRIEIFRELE) %55

Kavli IPMU News No.26 June 2014

AT, FRGEDESRIZL-
TEZAONIOHEELRTL &
Ltfce Va4 >FzRIY—- L
Y IIZAREHFA I NS 21,
12mOEF(Clin TH L CREL
WS EBLIRN R ITULR Y
FRA. JTVBEXUIVE
ZEV1I0R B0 AR, Thhn
9. MEILRBEH Y. HR
HFEIGBEEFE T, BRED
HBRbHY ET. KDoA L

BHTWET, 1YY SAIL0R%E
HBAIZEZATEN, STHERIZH
FOMRZTo>TWET,

RUWVARAETICEWNT, 1V &
ASEENIIEEZ VT —IEMERLT
EF LA LIFLIEARIZ2OH S
WEZNB LR T —< & FHT 5
ZENBY E Lc, BEmICiREY . ¥
AV Y EADPRARLIZT—TITIERD
EOBbDHHY) £7,

ETFERNT — HBOEFROER

et L RS

75 1T

MEOREM

ERE

RFZIY, FEEBRITOHLE

HELTORFAH

EMEROETIL

YBEHRDREE

ZRMLIREME, Zofth

BE, 74 Y SAFENTORE
(4F168 24T, £/21HIC#ET
JAFTL%ET-72) Ofh, 7—LE
. BENEEE LTORNADY LY
REFELTLET,



v Y DEEME - DT, FhlE3
WOE,S> ALy VIZBNEL
ATZRAERHEET LI, BF
BT, EEHIZTON, FFEY
721BATY, SILEDET
EhoTWEFBhAs ZDHALY
JIPRETHLELRLRYAT
ZEEFE-OTWET, RIS T
HEAFNTVET,
IEHEE(IFEIRD IR
FLORARICARSEL VNLE
B DELVES, 1F¥UR
($FEHELBERITS T, EERIL
Y =2 v LRFRmRER. K%
ACBEIETHT I v 71BFRR
R TcHhY ., HEIIRBLES
TWEd, B T7hTIvy
RERERIE, BoEFERICE
TrEEEEREBL, OY—>
v RRERER I LTL
Lo COEHIGEDLDZ E
BFEWTEE LA, av—
v LR A HEE 7 5 1
FADEIZ Do~ —H Ly -
YoFr—IlLbEEICL->T
By xEIFE Lo

HLy I TIRAERRIZET
SNIEYICEELE Lo, B
MELC, BIPRLCEIZED W
BYTd, BECABONLHEIL
RUEC RBICESB X,
HEIIBHTERRRATAIILT
Thhfd, RRFFETIEHE
IZWBDIHBIZ Tz - 1278 T
L7z TEHBFRAIZBIZIEAT
HIFE L LR RED
T Hh) £ L,
'K HAlET1vFRY

— ALy YORICEEEIR
B ERDIZDTY H?
T4 WA, bo L EBEULE
TY, FADBEDOHFD SBENE
FNTEE Lo FAIZED KT
ET.3MCHLLDEDY SEE
LTIEEATHLE LTzs TN
BERNIFTE T/ ZWE
HEDERLTYT, HBELREL
BDOTYT, RIIHEN—FSE
e oTWE Lice 12/
THLYPIZAFE LIRRIZIEEE
ICHFEICRAS EROTLE
L7z

ALy YOREEIZHI —
2-Taly o [BITHE]
Né 4 F LI ZNid19iE4e
DHFLEEEAIIRONE
WART L7 1900FEIZE D
NICHBRNZEET, 750 X0D
IO—L - /LTI THRBEE
LTELDNTLE LTze 2K
PREBIZHT-DIEFIHTL
720 FADEIRETHERZREEE
AV D N S (N
IHMEETIDAEEDITH
L.ZATHATHEE LE LT
GH. N—=7« —EBEIZT >~
Ty P TIEFEANTLIZA, A
FUXTRLBEBHEFETL
Too IFA0FRIIZV « > F =
25— ALy P TOERRE
BREZ S AlEKavli IPMUZIET
9, 20071087 52012438 £ TH
FEMEBEBOE L. £ BE
EAF1988FLUET Y v X b
KAERREHPIDIEFE A/ —T
T, T TU—TV - S VEA

EIF2BFITE>TRHEALDHTELTL
75

59

Interview



BILE LI, BWOBIRIC [#
WHRE] HHTCHDT, 2D
KEJ4VFTRY— ALy
JIZFRBERAATL DI TIEm L
DERFRCRELC TV E T, i
DHEIDFEERAAT EIFEBERT
EEPh. BREHNS, FAILD
DI EIZDVWTRIC—EDLBEL
folElddY ERATL,
Bk Thnror>7UvYK
PIZAEINZOTTR?
A4V 194MNFEIT Ty
POBERIIAZLE LT B
FREYBERILRIT LI,
k. WEZIEELLEREZ LT
[INTWE L7z, BEIIWER
EN LTI VRFEBONLTL
F L7

L, BEIRKREORF T,
BEIZIZIFEAEFENVEE
AT LT 1FEAE IS TE
STWE Lo N—T 10—
avYE URLIY R, 775
L-HYEAOTaAvF - RO
TavFHREREELTWE L
M FEIZIEADEAT LT,
I BIEBETESDTIER
Ly —ADFEEBADZEED
INE T T =TI EFHATEEY £
LTz ZDRFIZHEETH-72Z
EIERIZFEET LI
ILHEROEFIRTH B
AT v FOFEET LT
O T7HER>TET, S
12RO TR EY ORBLEE
LELle R OA7 1y FldFA
ICEEEE,E £ L, FAlED
STEMFET LI, N T,

60

fr-blgn>7ETHEELEL
Too BB > 7Y v TL
ELIERBEOBSE L, 20
IERBTCHEZ LAV &Il
STWE LTz FAlER> a7 o
VFDRAGAINIFEEZIT
L7co BRHBRYAILTT,
N AT 4y FIFEMRERE
RO OROBENERICEDON
fELVWEEZAIZENICRIT
TWE L1, RAIIEDEEIC
BLRZAIILERNE LT,
1937FIZ 7 74— KA
{Tpotzte, o7V vPoy
BII=RIZHY £ LT, W
RBTET 1 Ty IHti—AD
BIRTLIe T4 oV oI #ED
L EFRATLI: T7 1~ b
YHWE LA WIERFEE
T L7t BB IR EYEFE
LR LTWEYATLI,
FANE, O—L > - TTy
IHYBEEBOEFEEET LI,
YT+ — KA BT, #
DEME LY £ Lo, ®IEx
DEZIE-21DTT, [T
74— RIFER—0YEBEER
SThN FAEBEDS, - T AR
RN & THNESR] %
NIEERERMET LI, ®
& PEEETIC. zhIRb
ZHLL2DODOMRRE. HF
EYFEEBRRNFEZNRS S
EVDERIZEIRERETL
¥ L7

N—=T4Y  TAILDERD
L=y —RKBEFHLAA, FH
hoDESEZELEROEL

Joo BERICFIZESTIFAF
JDADRI[NEY) THHD &
MTHAD LHEETIEHY £
Ao BIFTIZH EBEDHDRF
Rae L% llico DFEYFEIIL
—T TR Y IR - RIL—V
Vary -y RYa—-n)—%
—IZhYE L, 7ovohE
ALT22o0MERREITE A &
HIERBBINEN D, 7> T
v Y RZIEAAETFICE T HHER
DY —=F—=EY) £ L1,
TrT7) T2 58I L
foth, FAIE19434h 5 19454
FTCAXIREETHHBLEL
To REHFDEBIRFFR T LT,
i1 ¥ AELEDREKER
TREARZEEL LTRA VIS
W92 IR IZE T 5 BRI
ExT>TWE Lf, 19454
IZRAYVIZXT B2ZEAET L
ke N D FE =P NN
BEMAELTEY . FAIZEAR
120 2 ZBER A (T D 7o DRI
MEINE EZATLIN, 8
BIZEED KDY, b3
[EHBECY) F Lo RHIC
g Lo HOAERST
ICEALZDTE 6. FIROE
M THENM KD T2 i H
Do CBULE Lo Sk, 5
LA RIBDIZDIZHANER L
TceEZ, £, ZHOEEEL
120 0. RAEBERDER LT
AEDEHIGFETIEA L, b
FDHDYEEDEK THDE
FRTDELFEORA)IED
ZZ (The Northern Territories

Kavli IPMU News No.26 June 2014

Dispute and Russo-Japanese
Relations. University of
California, International and
Area Studies, 1998) % &4 %
Lo BRIEEP 500> TE
ERDSDKEEB S D > 71
o, BABEDOEGEE L, RIF
EARBERBROOEFL LTT
AVAZERL, A>T ERHH
TAPELTHDEEZ . LW
SEERTT, & RERAID
FRIZART2HDT. LABIC
FRgEHET LN LR D -
fEB-oTWWET, RIERIEE-
1IZEEETIIRD -T2DTY,
BE roT7VyIKRFEZ 2
—hy. RIRTII, TA4T
v 7 xEH LTEBIEYES
DAFITHY . o ITHEWLTH
nicnBonigd. 77Uy
IO LT E BRI TR D
TL&ID?

A4V r FELEIL, FRT,
EOEGLFIZBRLET LN
—DOHBEVDIA A=V EHD
DEd, RAVIFEE, 77V
ZldeE, £ LTA ¥ XER
FTT, AFYXTIEFEDDH
LEENINICRIBREZIT T
YTy PIZAFEL, BIEEEC
nNET, BEBTVT vy
REDER L BEZMOFR
(FZARR) 12&k2T, 20
mErEICEEY £ L1,

Bk HRIHEED OYEF
IZE D> ZEBRIFAII 572D T
L&2h?

T4V REBIZRENETS



NFEZAD =2 —XF, [[LED
Wgsntz| T, [#L
WBROANFIEIN] £
SHDTLT. ZhUE, FLL
REANHBE LI 2BHT 5
HDT LT FALFEBEERAW
WEIFBWEBATLEY, R
B SIRE LICHFEERLS Z
EERBERF LT, A, BRFX
MBESRITOMAT —< &4
V. B IEge ) F L
Too EREEFNFEEHFL TR
BT Lo, —MEXTRS £7-
RIBRIT LI, MEBETIIEA
BRIENBIVEITTLEL
oo £ 2T\ FAINA BT —D
[EEEOEFR] OMBREHED
F L7 288%ICa0 YT K
FTT4 )R - T LADKKRREF
DIFLF—EMNEZAES 2%
BETOEVLORBLLWLWTE
TENHY E LT

IV EBEEZN DT> T
Uy PIZRY & Uiz, FADSEA
[FZaZR -7V —"T. D
EFmEEDY £ L1, FIET
AVHFLCexHmELEL
Too MANZOERT, OX -
TIERTEW-ZLDHBY
7= T4 7 —HEIEEIZHA
IZA—FRIILRZIZITARETH
5EEVE Lo a—FLI2IE
NVYR - R=ThEY, £ZIC
AX -7 2EADSEFDES
RYBEENEE > TARZ L
TWE L7, AEa—xILic>
WTEHAY) £FEATLIA,
DK ZFTITE, R=TD

TTHERLE Lice I—FILIC
BEWIZDIE1947FD9F T L
o A0 Y ETOERRTKE
JRF D2PIRAEE £ 2SIKRRE DA (12
1050 X HANIILY DEHNBH S
Nzl exmy £ L, Bk
T4 TV IDEFHFIFELL
BH21-DTE, FAlEN—FTH
RECZNZRALIZZ %A
DE Lo b<{h<{FTBTEZ
ETLTce I—2ILIE, Rz
STy ELLTERVLEIZWLS
NRETERWEATLI, 20
LR, VFvr—F - T74U%
VEA—FRLKREOEEHIET
L7z

1948FE A D2, F v A~
1< =D HEADH L L ZiTES
Progress of Theoretical Physics
H—RZITEY) & L1, ®idx
DIAE—HR—=TITEL. "—
THENEIZREF L A
$FAKDFMXE ROIT & LIzhN
BIFEL L) I HPo
TLE->TWE LT £/20 FA
fobld, BYVABDT AT AT
HEATENVR - 75T —R
DRI ED /LA =
BCRRINBZEIZHE>TL
o s LTIERNICHE 2 &
EHloTWE L7
FAFZ1948F (N —0 L —%
S LIR, EFEED AT 1
Ve N—=T 4 VIZBVWERET
7% Lo BIERBRFODTF
BEOBE % HWEEBHT 52 &
IZ&Y . KB, ThbbED
LI L TZRAER RN TN E

N, BICIEBRIN D, ZER
T 50, AIHTREDEHD
e ERMTREZMAL L
Too 1BEIMEZRIGN E D &
IIEL D EMFEIZH LT,
O TRFEYBEZNEGAIN
f2DTY . ZDORFLUR, BETE
DL —Y—%BLTEYFIL
BRICHEELE Lo vy
N R —E, EVZISHT R
FERYEBEZOICBIIREELY b
BETHDEMNZE LT,
Bk UK. TUVILUESE
REATIEEABKERFTLIZTL
£ 2D

LIy HRTU VARV
o1, 7A4>>avA4 P
WE Lfco RAEEA T » X b
VISR DIEREEW > T2 &
BuLEd, MIEHY 74)L=
7 ITRIKZ (Caltech) 1217<
DT AR NATN2DOD
FEIREA B Y £ L7z. Caltech
TUEIBBEERLEDH 5 & L O ER
TRIETU YRRV EROEL
T2o TUY RNV TIEBB DR
BRED ST-D T, FHELEDE
MERVE LT, BV R YR
DHFFZE LT, RISED DGR
ETHLOREFEL - T
F Lo W, 74>
2574V OREBEDBFILTILY
T AT TR TLIA, BT
B, BFLYEF¥ET LI,
AT TIVERIZ [7A4 v a
4 > DOBFIIEED L TIFFE
BILRCRZA BN E, ERIE
SATNTBEIBMEETT,]

EEVE LT, BLZOTH L
(SRSt E 1T T LT,
7AradA DAY T
g FLWH 1 T RO E
LTL2#HZ C DEFHRED
ELCDEYIZWE Lice 7>
TagAVIERIcEA L TL
IR EFRERS T, AL
TR BICELNITEEATL
Too BldEIF—ICH TV FIC
LE(RBIEDHY FEAT
L7ce T o ESEHRDOE
FAYN—LDORBIZIIPDRR
b)) FLATLIZ, FAlE &8
D IZERA IO EELRH > 12
12 &K, KB IERDELET
HolcEBWET, BATCHIFE
CTHIET. D HZ2REON
RNHDHEIFB->TWEEAT
L7
BR TAvvavAvESEL
T2 ENBHY ETH?
TAIY LR 2RHY FEA
WIFFEHFET, TR F&
HEL(FETHHRLTLI,
RWIETA Y2 d14>D
WEEEOIAL—F - Koh
ZIFBELLHERIBAT, £727
Ay a4 vOMEFEBA
WEEICE L TR <TES
T L7 A BREIIHZ &1
FHLWHETLIe 74 r>ay
A > DIHE, BZIFERFADR
12> TEE LT, ADFED
EIELEEOR®E LTR
BEOLOITELTVWE LI &
HMOR. BFHINED T Y
IMET, BLHEDH TKREIC

61

Interview



RELTCETAv>a94>
DEFLINCGERM L& LT
ZTOEHFITA Va2 74D
BETHERLILESY., TILY
L LADANT T4 REFEIZAES T
DEENE LTze NL—XRIEZ
DHABICTL Y £ LT
R=TIELIELITEEMIE
FlLlico 7TAVvyava4>reld
2GRV, RITH LW ERICIE
BaEEkERLE Lz, B
DEIF—IIRKT, FvFat
Il BFE@EZLE LI, £
DEZ21—A—7OEET, 7
Y= ERETEHAREEL
TEE, RTHEREROER
BIELHEET 2EFETo>TL
Flfe UL, BISHTLLY
BICHERA LRI £ L.
kb TUY AR VICEEL
Too FAIEARIFETL . &
R, BIERNTY VR
MraBinABEICEIELEL
1o ZNT, MOBELAENT
TEHATLIz, & EAAENR
DAT, a2 T H—E77
A RIS THEEOKRED
RO K SEL R L&
TWeDTEA, RLTZD &
SWEBTATL, BXIEED
PEENER CAERESE L

62

TLWBDERhbEARNI &

ICRBRABEZA CWE LT, 7

UV R Y OPEREERIZN S
ZeaDELCEWL, BEICH
RIIRHE%IRA & LT,
BE THILTHYT Y
[EEABKRFTLIA?
e VARV N > ¢ NN ]
1T R EBNTLEWE
Lice B&EFIET - L BEWIC
WELTEY ., 74 v>asA
VERBLLLTREEELA
TWwE L LY L. BFHAT
IR T, RYEEDETIER
IXOIRFTT LIz, BB, &
[ERA RITTELEE ., HEHIIC
FATWIRIFBEENTUL
MREXZKIZFIZAN, 7>
A RVIZIFR->TREFATLIS
FFI951F IR A A TINY
DEMYEWE Lo YUK
RERBHWEBELIEA TV E
Lizht, EWCh oL
THAFORVWET, EEPER
TADEREERLTWEL
ToofhfzhblzETHHR LAY,
WE Ty o RLTWE LT
BH—RICBEICED T, K0
IZMEBIZDOWTREEY & Lo FA
Tobld, BR, TAR7 =LA
DENRDZHERTIUBEFY £ L

Too BER L, RIFEED T
AR = LEZEIESNTW
NHTT . YRIZFERREN
BIRLE—PEORLHTL
o BILETRORBROER
HEENTEMRLTOE LI, B
FETERDZOEBREMOIN
RIZOWTHERLTWE LI
DN UIEHEBST B EWE L
¥ Lfco RAlEZ OFREHINER T
HlEeEGBLLIELELE
MW, WIEEELETATL
R SIEESELL -T2 &
WA >TWET, FalEZ DK
BORBUIIOLWTHRXEEZ
ENTEIZDT, X7 )DFE
IS LTHY ., Nmldd v
FEATLT

BE TaovoiionTiEL
NHTEH?

LIy T4 Ty UIFBEEIC
TUYRA VIR oTEEL
foo WIEEBEVWROBERTHEY
ORI S, FEI-oTEL
TFETHLACTCI—ETD
T RNIHINTERIZED Y
Fllico 7TAVvyad14 > ER
Ry BIFEDFADOER—D £
LW BWnWZ Enpghrotz [K
BRG], T HFIERL
BRTE AN -1 [BEEDS
OB —ICE#MLE Lic, &
EES T 5 IE, AN EL <A
PERE> TW A Hh ZBERMICHE
BT 28ENERk-T2LDICR
A EAEAZBDOANIZIE ST
WEF Lo T4V 700
TIIBED T Y2V A ENE

Kavli IPMU News No.26 June 2014

PNTEE LA, BITROK
T TRED Y 2 AN TIFHE <, R
MR THSBAZR AT L7z
BE NAEYRLTETI >
AR VIZRBD > T-DTIEAR L
TIH?

LIy NAEURILIIEH
FEMIIERELATLIED, —
E7Av>avArEHRElL
oo ANYF - TV RN TT7D
HREEICR®A DY £ 4. Bl
F—RANI)THRIAYVYANT, &
(PESAF V=
ZNDRAYRETEHLTL
TI9NFIZHEEM) AL
WoE L7, 2058, ZniE~
W)Y TT7Aryad4 >0k
ANERY, BOEEZEE L1
DT T Y MCES Y
LEL7h, BIZ206%, 7
DY X RV TRLEZ EDRY IR
INFE Lz BZg7TU YRk
VT, TAYT a4 DT R
NA ZIZEL, RIEDERES
LI DEBEEZIT. KFEDH
ERICHAEBE L, ®oldn
— ¥ =TIV RIZEY EL
7o LSRR E DT TUWE L
7oA, . ARSI N E
Lo ZOHENSTU YR b
VTDTA Y ad41vYDETFE
#EERLZENTEET, £
DR, AV adA %N
1EVYRILIDFNIZZ & &
R=THN-ZeNETER
To EBLLFPLIZBLEIRIL
528, NMEURILTIERTE
IZRRAVEERSTFADK



M, R=TET7A>v>ad1>
PMENRETLETELILEDHLD
Lzl EEIMNTULET,
INAE NI FT-BREIC
IEEDOERTHS [AE /L
HBOER| ITE AR E LT,
RIZBHDBIFIZZOMEET
HEDIZERLE LI, FADAD
STWBBFIFN Y R-R—%
— - FTa2—LTEH, BDOFv
DT ZDOHETAELICRS
TLEWE Lo NTEVYRIL
IR E TRE / LIBDER
AHELHEFATLI,
@k FRUMIT ) v Ry
N TTBARARZEEZEIZON
T, ALEHIREBR/FLTETN?
g4Iy BIET )2 Y
IZRE LIcH, MIBIELEEA
Tl #IET R b VIZE
ARE LT, Bs IFEADOR
FOIURILELT, o TE
¥ Lo BEFBDID, H5
WEAREE LTEE, EET
NADBIZEE R F Lce
ElFEEIE W E Lich, BERIC
DWTEEE LIz 2 &lddh ) F8A,
SREPRER ISR RARED &K
EFORBYBFET, NS
EFICBELE L, RIZET
SRR IZE L CinRae iR %
LEL7e LD L. LWDH—AT
WT, AR TELBEFORASD
Il AMEICHLRVELDITE
BATLI B EENHE
oot EBWE T EICRAE,
EHIAAT, BHRBER MY
¥ Ltz FEIRTHR, X7

JTF—LETEERIEL, KB
BHEDIFEFEZREHTTLLARY
F Lo REEZRZETLT,
BEEEEHICERIZBEY %%
FRAIZFHETL, RAZFTH T
HADME BHE L1, 228
DIMZIFEEFEAT LT,
Bk ALBoTey—FrxA
WHLET, BIE7>YRL -
T4 K> TEEMICBEFS
LE LIch, EMETIZBER L.
ENELBEBVLE LT,
Y4y TURL T4
IFETHHYBABETT, L
DN T R bk rzE L
foo. KCMEE L2 ETL
90 M EVWFEEELTSH
OJRFAESBELIE, T1a
I3RS DR WLEE BN
L. B8Rl eaiEm L TN
Lo HIEHULE WS FRHITL
Tohh, RAEZ S Bo7o T & ld—
EbdhY) A, FICIETHEME
NH->1-Dhb LNEEA
BE vrEILIDEELS
AN EEBEZITE LIH?
g4y YUIZEDOETILY
IANTUZWT, TALZEZD
fTEE L L7z, HE. FAldER
FFPIE T3, TV T LT
FEMELTWE LI, VoD
BILT —VERmE FEORAN
NEHEELE LISV D2DTIE
B, FAYREYDT =V
FEAEAIEVDI LD TH 1
ERWE T, MR, SV UNRT
Uy Z b UISTBIER T LA,
FEIZEENT, vror—v

BIEER AV, BRA
ENIPIDBRD A (| > TH
HKaLEEZE LI, HOER
3. vrEFLED. ALK
ERFELERF LT,

B/E AT - TIALPIN
eTAv ARy, A=
=TI E W I BRRBEEE
EDZRNEWHH T LIH?
L)y NS A I
KrE#, AT Y - TA LG
Fa—vell, -l T—
TG REAVIZ, #hEnEY
F L7co RASBEHRICL R
HEOELUZET 22 —7T LD
EEEBHIzIz, FITFAD Z
ExEAS>TWE LiconNLY >
TAIILLREDFADZ & EH >
T &5 T, D EHFEFDH
RICRAIN AL DIZBIALT
ANE Lz, D ERE LTH
FHIEE LR, 7CICHES
lFE->TLEVWE LI, TED
5. RYXMIEHY £FBATL
Too AR CHI > TWLB DI,
Ho ERVDBESEMICWLZaN
VT F v JARVIEESTY,
WIEEDICEFEEH O
7 MIEDo TV E Lz Al
7AYo MIEBICEBE
Wt £ LIz, SFEHD AN

LEOREHISEGREARLETA
TLlLizo FyRYNAT—H
HKERFLEFEATLI 74>
AR EEREE - 2
AR ZDTAY T N EE
FHPESE LS & LE LA,
b ZzD—ATT,
SREEDNDV 21— - Fr—
T RARVIIETT #
Vo AR VDORBETRRE
TILOFEE L LA I
STEMTOY 0 FOIRT L4
125N & Lico &FFIERER
Bea KL TLESTZDTT,
YTV INT Ty I —
F—=2 v TOTTHAFEYF L
BRERAXZOHROER>T2KD
12, BEWIIRBEOIRR L FHE
BRZEWI200H L LRI
DOFNIIENTZ DD LI -
1DTY, lFFvyr—=—%5
EMBIRICHA L. sEEOW
RITOTTLE5WD 2 EHRR
LE L7zA, ROBHIFEA 7%
KEUZIE DY £ LTce Aury
N =S DELR S RS 70D
272D T,
HAE#TOY O NI T F
Vo JARYINESTTBIFIR
ECHRIET ZENICEEEE ) v
A bYRZBIZBEINE LT,

63

Interview



205, MITE IBMA EHE R
FORNDERY), [URRE
UCLAE /L7 = =D E R
DE LTo RAEINEREER
IZB-oTWE T, SEMLEHE
W7oy bafiELizZ L
&, B 22mFH L LWRIZD
BR%Z205E5 8D TT,
BE FvRVNAT—IIDN
TIEWDHTED?
A4y ON—k - Fyury
INA X — MR D AT L
oo N—bhZ YR - Z2FA5—
E—RICHROFENMRE LT
BLEER, 77V I R—IL%
BT AMEELE L. 5
&, AEEX O DEWIEILT
A>>ad4yHRADREE
L TRABEEMREE S 2
txERLE Lo Boldrma1 v
T ad A Y AHERRIED FHIC
372y OR—ILHIEET S
EEFELILDTY, ZITH
LUOYBIEIRESL) A, 7
A>v>ad4 v ARRLIT Tt
DHEDTY, TNIFRBS LW
& 3L T L 72o Physical Review
MD1939F9ATHSICHEH ) £ L
2o LA L. TNETRRBD YA
IYJT, ZOH. EFTH
R—=Z Y FIZEBR L., EXIE
RREMNBEY £ L7 2N T,
#HHZOFNXIERE DA,
-7 TT,
TAYadAvEel 77
VI R—=ILEEFELTWERAT
Lice ZNEZAD, To7v 70
R=LFEETERVLEVL D

64

XHaEENDTT, Ay RN
AX—bZEEL ZOMEIZILE
R52&EEHY FEBATLI
FHTT 7 v 7R—ILOEED
BHEEXKRINEBETIZ, ®
72y 7 R—=ILIZDWTEE
ZEEEBLE L, AR E
Ty IR—ILIZDWTES
L. GEZNHEEVOH
LESELELIA, 2595
ERIFVLDOBFEEELEZTCLE
W& Lo EDLTHRDD, FA
I €A 77V IR
—LiE. TORD B HERXD
bbb EFTLT.

Ty RYNA R —=DFHIT =
B LEELRRT ZAIZDW
Tz EBWET, —AlE
Ty YTy F—T, B
CEIBIFLWT A T4 7I2H
SNTWE LTz, ®IEF—7o <
Y—xRKEB L, T L TEHEIC
2ODEBRIA THH D E
AREBL. Z LTHEFEEZT
S LIERXEET LT, S’

IFEHES L TLE A, R
(s NnizZ e lEdhY) £
ATLTce ZyRYNAT—(E
Caltech Ty 7« vH®—&—#E
ZoTcbRUTRICEE LS
L£O&EIFLERATLI, 74
v a4 vhCaltech% i
R HRICITERE RS T, —
EbLELNITERBATLIZ A
&Y 71 vFd—tldn-722l &
EH)EEA. BOI—AIEY 3
VR =5 —T9d, b &/
BOONFLATLI. Ty

UINAR—IFEDZ DL DT
o TWE LI, V1Y
F—E LB, KA —F— (48
LOWABETIEHY FBATL
ZLDFEE LB, FBIC
BARTLI, WMATRE L&
‘OMT774>7>ﬁLft
FRERIZDULTIE, 7
74/7/@%%&Libto
I3 miG 72 BEEE T, AT,
150% 7 X U A NE W T AR
T, BUBMIICIEF v R N1 <
—tIE)iNU)LLiz{C‘ L7z A
—& 7Ty OR—=ILDFD
MREEBETLIZ, Ay YN
AR=NT Ty 7R=ILIZDWN
TELIA o> T2DIE, O
&2t TBHEINHPEREDN)
HINETA, TyRYNALT
— I EFET L EBLEL
oo VA4 v F—ERA—T—
[F. TALZEL o EFHi ST
HRETT,
BE HLfHAINETOWME
EETRERINI AT, BROLE
Wi ZEFATL LS A?
LIy T4 —OR Y DF
BTY, AlFTA>nN—=7¢H
ZLDEmEEYICRITIED £
HATLI., MBIZFSWVEASE
RAoEREE>1-DTY, TF
. BOEBERORY ML
RYVDFEBIIEET LI, &£
ICREREBTLIA S, BN
> TW Z ENFEHENT
HET LT,
Bk BURYEEFELLTC X
FEYEZOBRRELEDLSIC

Kavli IPMU News No.26 June 2014

BEZTIN?
A4y RBITENH-T-D
IEHER T EICRABFE OB T
T, MMBEEILES SELE
LTWE LTce ZILNELTRAT
DO ZET LM, FAlEZ
ATRIZEERIEHY) FEATL
foo [HESE] IZDWTOHEE
%%vﬁbifoﬁﬁﬁW%E

A orERLE Lice E
RO7VRL - 724 aAHDT5
SWE L7 [ZNIEBEICY 5
2y VIREMAEICE STV S
DT, BT HLEIEHY £
Aol FAlEZNDED Z & DR
REMLTVWELTATLIZ A
$7 7 AN—RIZBBET D LD
12700 £ L71ch, 2 Th i
(FEAFEATLI, £D B
PR S I MR A > T
LE->TWE LT, FAICIEZ T
MR DLZWARLE IZBAEE
Ao TMIIGFABZICBE 2 A%
iaE Ltz

BRI e BFOBERTS
HDOIFENKLDIZBR Y, A

ICEBR LTV, E5%ER
t%mu%w%@w%uuxé
REENHY £9. #HLLEIA
& LT, FHERRSE CHEE
D 'Eﬁ%fgﬁﬁﬁlﬁn’cw
o EEROEFEFIIC
ﬁ%%ﬂ%%ﬁn?éﬁﬁﬁ
AWEdT, —AlFT+IT T+ F
AF—T7, RIFFTETREED
BIEREZEMEL LT,
Bk YEFZFORREZEDLS
IZEEZTT . EARARE



BLIzWEBbnxH?
T4y PEIEAE— RHE
) & Lico 60516
BTEBI»KDY., FRIL6E
BTHBINE L, S13ER
1220 ) £9, mI R
F—YEBLUANTIE, £72952
EDBELHY T, IIRER
WL EIBEATT . RATY
BISRHR T —ATY, RNF
METEZ., N—N— RKZ0D
HTVILRIZEDETFDER
WHLFE— A > FDBIED & S
EIREERR L, REIRIAERD
—BIT, FHLLWERDOF v X
bdht)ET,
RAXZDESIIKELH DT
o 205FH], A BIEFHD
FAD—ES. KARBENED
02 TLH A £EBATLT
S, B> TWAFH
DEFN & TOH7 MY £
Lizo FEEECY N VICET
o TEAILAARTE£d, X
NEFEE, HIRED, HDHULIEK
SJBANDNSREBTEZCDE
BRMRETAET 77 7—
(NS LBFETT A, WO TH
HLTWET, BERICEITAY
1 70 KEFMEEE. BICEP2
FZEOFEEREEET, T
To—ERAKICENLTLE
T, BURlGE Y S - ATV R
ISEREEFRL, Ev - Ha
ITYREETAT 1 7H 0I1BE
IDEEESNE T, AETESR
WIRIAWABFDORFF A E26) L 7=
WEBLWET, HICKXZETIE

HRTEREZENLDLS IS
HY)ET, VT X —I3E—
BEROEBOENTWSHm% R
FALELI. 77 7—14Z DR
ER—0ITT, MIZHBIERS
TIENTEBTLLD,
@k FHNFYBIZO>LTEL
DINTL & D D%
A4 FAFLHCIZ DWW T
HHWICRTWET, EDIR
v B ERD R WHLTF DR
Ny O TS RIZ& - T
IZ>TWEd, BLTLBD
DEBEVHT D ICERMIZY
T NI T EENRITNIERY
FtPA, FHILI-LD LHOEER
TERLDTY, HRETEHHD
I ENHTFETESHD T,
LHCIZFHERQERIITE R L
DTY, MEREFIERIICEER
IEEFAVTLET, BARS
L) OBEIFFIEACETE R L
Td, L@ L —H—(£1000
FLaLEBEL o TLET,
L—H—0ESEIERICANS
ZEEMRLBNERY 28
Ao FLIEREREEZBLNS S -
ERERIRRRIE, BB EF
ELTEALL DY £ A
FRAFYBIZE > THEDRE
EldEohdH ) F9, HTER
DRERICIZIRMELH Y £
T, BERFTREE2HHDSB
ERETBRHTEET, BEAEA
FED2 s ElE. HTIERDE
ERFABICEL T, ROLVARE
NREEMTTICHFEE ) —
FLTW&Ed, zo7Ayzy

M, MERF[ICKERTFELZE
QAT XA ) AEI—AvN
O7AY o ML) HLBREN
ENMENTULE T, MrERIE
FBIZRVERT, BIZ&OD
BEGEREE/TCEE LI, Z
DEETIE, WO THFHEA
HDOEIBHT 2EHNTETL
F9. AL DERE ZDREA
FEZRCEFLES. RUE
B SN E U ANCYANRY D
NE AN, FHELARREOHE
KD+ HY £7,
—MRAIZRERIAR A (LT A
R ENRELZEIHATE
DIRIFNIER Y FEA. TNUE
ERFREICOYTTLEY &
To =D EICEMTERE
Tld <, ZLOMRT—< %
ERXBRETT, —DOMARIC
BEH. > ERIDIARIC
B hhBHRETT, FAlZRL
MREETCT XS LTCERE
L7
BREMmIEE L LVERTT,
WONBREMLHDERNH
5 ENDh BB LNEY
Ao RIEIGBXIRF LA IR
<L PR E DREIZIZIEEIC
BEWFv v THHY) £7, HBK
ERICIFRVEEN T ARIZH
LDITTIEHLCT1TAALD
ADRAREZED B DIFICIENE
FB Ao FATBIKIETRB AILD
LTWEBAN, 2EZIIE
JIHBOEN EEBEL
TWET, BXIERUMNMIIEFE
EOBMBEN B >TLEW

9. SEFIIEIEEZASZ
12T UL DEEDRRRIZTE
IDTL&D. RNTYEDND
RIFETZ LEBEETIEHY £
Yho BDORBEN SRIFTETD
[$bH o LB T,
MFBRER, 57/ LRI
IZEm LIc AZ R ADH > T
9. 7/ LDIB%ILEET
TlEHY) £ Ae ZDT/ LD
J Y A—=F 4 v IEEE s >N
VEBERE IR l,iﬁ/ub‘
I BlEEnh &AL BREE
=L TWB D% L’Cb\it‘
Ao FINvY—E b MDEIT
ZLLEVWELGNS, AFFE
DT/ LOWEETHS [ il
WAEE OFREH FLLEIE
DBEVERTELHYEE
o #L LG LRI RAT
T BDIZIE FATC B IEFTET,
WDOTHZHTBRENTET
WBZENRETT,
HUWHE, FAIANEFE L TEL
WETEZY £ Lo, EENAR
BREIZIEBE LA H Y FBATL
1o FACIFBZIEXZD—DE
T RZODHTIEHY FB A
BF L, RO REER D
IZESTBEDERBTY, FE
STH 5. FAIFHEFNRRIZED
HERETO LIE, AEELT
DHESICERNEELY LEL
T2o TED B, ROMHEITFG
EHIZZEDoTEE LT

65

Interview



SUE? TN AT 51214
HYUBEAIHY 2T, BE
IZEAIL RAESIRICBEL T
—REVIZ7R > TWLW BB IZIE
BT, A—0 ) v PHE
MFRFRATIC (L. S0ERTICHA
F o fIER ICEN - KIERR
TR LhHY F Lz, i
TIZRBBIODZETE, 7L
T DA YN—THRE
TLl7, HIZREDHREE
AN E AN AN RV RS}
ZEeEFRLTWE LI FA
3 & MER IR L £
L7z TEPBIARCE, M4
Y, Ho50LBEEDERERIC
BOEEH > TLWSEYREN
ZESMLTWE L1z, A
T [BEEZERLIZVWERS
MBEENWE LI, TTH
5, ZOWRTOT 7 LIER
KNT Y ZIHBENTZHDTL
Ee

RKLKARDOZBEbKRFRIZD
WTEAIE. ZTOHRDESD
IFIEICERR L, ¥ I134RE
PICBERLET, —BLiRE
B O 38 77 75 B R AR HE A
T, KEBEEDLLZENT
%9, LHL. ZROHESD
E LTI ZBRLRRIGIER IS
EH T, BBIIKEZDHH
ZWEWNWD ZENBRRIZAY
F9. RICEVOEIZ_E
REDTUEZEY AT N %
HIFBHELFELEL D, WO
WTWLSEIZ100E D KD F
AR IN, > TEILZRE
ERFRZRINT 2 L VR K
HAEREIEET, b LESH
D_BILRELNS - SN
£, ZBRERIGEEED

66

S EMENTRDEXKEILD
> &ML EBYMOERNE
HEINBTL LD, EYFIC
&S TIRBILREDIRIZE
LHb DT, 1005F/TICH
NT, 2R DCO,IE30%
BIMLE LIz, ZOHER, &
RPRBER, Thh o BEE
MHIZEFEZTDOENEZ F L
2o 2 % V. CO,H30%1E
mizzZ &ic&y, TRILF
—RE L THBINEZEYE
IRy INA F T ZAH15%E 2
F L7 ZNE—RDATS
IZIERVALNTLARWNI &
T,
S[IEICE > T, ZB{biR
FIIMEBEELTBLWAT
o RN DEMR ZBALK
FEDT 14— RNy EBEER
o) x93, RAENETH
V. R BCEFEINATY
¥, KERIEb 2T o &
HLVWEETYT, FEEND
S EREL, BEMROKZ
WA BTT, BHSDIEIL
RBEDEFIIRKLIHMETIE
HYEFLA KDERDAN
ToeREL, EEHICEL
TCO,DMEEZEAL £ 7,
KEKIIB AR CRNL T
M. FTEEL TEICRSME
mrHY) £9. NHHEEE
LT HEARTT. EDD
BERBKE[IRTHY . fE-o
TKEREBELTVLET,
KOBEFILBRIN BRI &
STBHTEETY, 2NN
HEAEBIZHLWEBHT
o b LIB{bREEZIRY R
STEIFTRIFNIL, MBI
BTY,
“EB{bRFIEREREL
DEREIZEY £, ZNIER
NS SN TVET, B
B eIl EEEREOMRE
DIz, IPCC (RIEEE
ICB8 T ABUNRI/ SR L) EE
SEFRELE LI, Boldx
DRE7TOT T LDEREIC,
SIEIZRIFT ABNNREH
RHERETHDEEZLAALF

L7=h, FEABNMRE AN
HEIFEELEEA. 20D
7O LIRAHL SBH T
Ro7-bD T, FHE-> T
HDIFZDRATYT, ol
TWAZ & ZBMIc kLT
WBDITTIEHY) £ A EH
HEDRHIZBWNTWLWERIFEE
FABNERRIZ L 32 KELH
HRERDZEDHDFTFINT
WEd,

SIELEELVEETT,
BFIo, EXAENICEETY
M. AEYIZEY b T
F9, ¥Ial—¥3>Tik
RIRENTEL TV ET, &
REEE T IILTIE100 kmic
b BEHEEY) 290, X
BROEIZIZEBEAMIZT km.
KFEAEIZ10 kmDBEEEH
PBETT, EFLMRALTLS
ZEEFEDETILETIER
(L D FHEEERT -
HDIERBRBERTLAT &
T¥, BRTIEIKBEDOER L
AF+HDTT, MEZDETIL
ZEALEEA.

171842 IC70F B K EEED
IMATERT - 7212/ OKERD
Bl ELbELTHEE
T, WRANKBEOESIC
ELAHZE LI, KEESHES
EOBIZIZRWEREA H Y £
T [MEETILICIE I NIES
(EBSNTLWEEA, B
KS0FEB ARG ERISERT
LA, BASERILEE D
FATETWE T, 504/,
HIERODRIE(E AR EA F L
foht. RAAI0FEMIFIEFE -
TmEDSICRAEd, ThIEHA
HASANE Y F T, &
BEFTILIZIFEY) AnonT
WEHEA

HRFEIYKBIF 2R % B
CEETT, 2N A% =2k
THEDOMIE->EY LEFAS
BEESRLBOGRIS/TZD
IFF L L TEREDRICE
WHBIE TS, EFLICIEERE
INTLARLEDIEEZCH Y
9,

Kavli IPMU News No.26 June 2014

o, Bt R
BWIETHBHDONE DD,
BEoATIEHY FEA. LR
M OMITEIZ & > TIHEE
EArEEFLVWEZALHY %
T EoiBE, BALVLK
EOFRTHEEICESL EWVWHIE
BICELWEEFEZRLHNT
TF L, BELIZK > TH
SOEFEIFT - ERICRY
L7co [IBDZBT S L, &
ICBEALONIEREL LV E
£

HETETETILNIEED
BWHEBREE5Z 50 EDHIC
DVWTIHERBENTY, HED
HRIEH > T o EEMHT
o AR, ANDHEIC
£ 55B100FEHOKEDF
WIFELAWEWVLSIHDT
To ETFTLRSELERT S
F=HIZIZRVWEE T A, F
Wol-HDBEEE L TIETE
LT, BRETEH-HDEE
ELTIERWE WS EBHIL,
—EBICVMEBO7 709 —%%
bSEROMEEFANSL
ENTEDZNSTT . FHRD
EBEE L TIERABEYHER
(. EETHZHrHHANZT WL
FEBILEL DT 709 —%E
BLTWALSTT,



Workshop Report

Kavli IPMU-FMSP 7—2> 3y
MR L M 5| B RS |

R oo

Kavli IPMUEZEHEE

BN E, ToR. BRI TFYEFICE VL TERALY
VELDORY VEKIENBREEERBBRAC 2 H DT
TIILIFVERIENBEOEONEE AR T 2=
ThY ., BREIZEITEHLEADFE—MREERDizo
ICERYEFICBW TS EFIERBHETESLE Y,
—7. BRIEIE, BEOILSEH, 5D Eh o THEKKE
WFERRRTT . FIZAIE, U — %0k & DEEpiR
BRBEDBARTEN IR, ) - U EiRiviE) —
N UERED ETD, HBFB1ATOICVHD
FRMELEICEVWTBNENRENE T, FI2, &
BT —IIBUEIEEX S DN - IZFFEICE TS H
HIEESE L OETHEREEZICBRL VLT B
BEEIHFELHICREZRELZVLVIZIVWTLET,

07— ay7OBEMIE. 0L D RBEINE
DI FZFHAMEICEBL T, MEZE EHFEDET
RMERDDZEIZHY) . SNEISERYDEFZ DR
EEHFEOSFI RN, FIZ L, ERRER. &

Ram. #AFOMFRECT LI 7—2>avyTEh7
) MY EE T EED L 7 F v —R—LE R L
LT, 2014381082 52082 CORMICH T
STHfEIN, RElE LT—RHI3FEER:E L. WES
HERFEOBOERICHADBEEASIITELO1CL
¥ L7

D=0y T TEmSNIIELT —<IE, B
MIZEE I, ) —REC T ORIERG EDILER,

BOBIIENDIRR, VA XY=/ =)L, A7
E - VUSEREROETFELR ET LT

07—y ay TILIREZ., ABEN, RT7
v - RIVRIZEVEBSN, AT EYEETH
R IZINA T, R FEETFRERT) —7 «
YOTASLA BT Ay T4 T V=T 14 VIR
Pl OFEEZITTCERBINE L1

67

Workshop



Workshop Report

E—%—

j(%fﬁﬁ_l BB - 0L

Kavli IPMUZEHEE

E—%— - 09— B4, 82
MBRZIIBLWTRELEREHITON
£ L7co 39— RELIIEEFRNKE
MOEBFWEAERELL, T [/ —-
J—XMEER] #FEHEINE L. £
Too FERMHAS — JHERIZE T B BRI
NHEERIBEL, ZNIZDVWTEELEE
MzRRENE LIze T — FELH
BREINIHESOETFRIL. KIER
IZHT BT — IO BRICEE R
BEZRILE Lo ThoEHN
REEIL, MBEEHF L DOBERTH
LOWABEEBLESETEHTY
IPMUDIFZEREIZ & > TRUI B EFR
TbHYEd,

Ffo. I —FELIE BEED
MEBREOERFIIEVTHLEERRE
AR L TR E L, =EYT ~
Ty IPREIZEWTR . TAHF v
Za— b HEEREM R DORILICR
HEn, IROBRIFIRBDONE L
7-o EREDEL>Y -3 vX-HL
v DREREBO NIz, KETY
VA M OEEMRAEIRIRICA
SN E Lo 2012F ICFARBZED
Nk, EMRAOBEE L THE
il oNnTLWET,

J4—RiELIE, PUITXTOHE
BIEmYEBE Y Y — DT ATV Y
EAxZEIN, ZREFIHEO T 0
— T, REFEHE (Avr5y—) b
MEEINTLE T,

2014F 03B B4R ICH T TT

FET LY — - O¥—RfiEL () ERNLF
Kavli IPMUE R (H)

68

T —k - VR

AN

= RELN AT VIPMUE FHE S 1
1-DT, BLOBREADEREEZ S
SURISTILEFRELE Lo 7T
Dy ¥DZa— AR T VR
FroEEMERMT, T — RiEL
DRBREHEEXITTHRELI, BTY
IPMUD#E - EERTE D RL N H
BELE L7

YRS TLDOERYINIEH T
PMUBERONILET, BFORR
DR O IFEFBIT—IL KR b
VR Y OBAFHEE IOV THE
ELE Lce ZoEEIE. BB
ORI D B EIEN O FE4E % 50F

IZHRT 5D TT o MEKRFD
STOEIE. 7)) IPMU D REEF &
UNBZEDOHRBMEIZE S, Wb
5 [XFa—h—>yvA>]IlD
WTEEL F Lfzo Jhd, 2558012,
TOERELRT Y - FA LI FPRA
HERRLICHBXIIEDCLDTY,
ZDEELNB21ET 2 7220104 (2,

STAAKER)I EBRES> TEm

AR DI ED D, K3HED

Kavli IPMU News No.26 June 2014

BAFETF 2 —BHORBMEICD
WTBLA T HRWREELNHY £ LT

ATV IPMUBEORERE S, B
%UDZOfEHUODﬁ:thO) BT DE
WOEFORRICEITLHIEEIZIOVT
EELE LI £, 1L ll%ﬁ &7 —
CEBICBIIDZAVRIV N VR ER
EBRIZOWT I AF Y - ~AT—T VI
QCD DHEFHIC OV THEELF LT
PURY T LD REICIE, Y- MEL
ZHEN, vU-IIALXEROY ) —IR
BIZo2WTDhy Fr—/-t—-a7 >
DRWIZDOVWTEEENE LT,

REEEIL, OV - RETOWE
DIREERD LD BEEELEALD
T, HBEHOBOBERCEROEHIZH
B LAY E LT £/, ¥ v
RYTLDERIZIZ. T —FEL &,
NILF. KREFROR#KNTHhNE L
foo COWAKOLERIE 2 IZHIT T,
Part INSESDH 7 IPMUZ 2 —2X
pA48-55(ZBHEH N T W E . Part T
[ERBDAHTVIPMUZ 12— IZ18H,
ENBHFETT,



Workshop Report

JL7—REOY—, /JEO7REOY—, EiERR
O —., ROBEEYTAEEICEIAIMEES

TVPl/’f V /\O:/\\ I\/7 Andrei V. Pajitnov

FUMREHZREIR, Kavli IPMUZE ERBIZFHRE

COEBMRERE. 2014504
H21H» o 24 HIZH 1F TKavli IPMU
IZBEWTHESNE Lice 7L7—KR
EOY—, /JEATREAY—, RO
B hROY—CEDLIRMAZE MR
O —DOKR DT o FEFIR L EE
THILEEMNE L, IBADHEHESE
EHT, 2ETS0ANEEDSME
el F L,

7w EE <4 Urs Frauenfelder K12 K
% F. Schlenk (X & @ HFEMFFLIZDONT
DFETHIA SN, RIEHRN7RAH
FRAOY =Y —ILDEf hROY —
ANDIGHA, 2EFVRERAICLEITS
Reeb XD EHDBREANDIGFHIZD
WTEE LZE LT

Mihai Damian K137 L 77—
LOFEEE LT, 277 ¥Ya-TL
T—OAREOY—DEETH D, FF
5 Eifenic (lifted)” 7L 7—2KRE
AY—¢&, ZDIAE LTHAZ IS
VY AR LRED FIROY —(ZD
THELE LI, ROBEREALS &,
B2, BERTOLREDIET R E
BERNERT 7 71 v EREABHFEICIZ
BOIADIRNZ EZFEBATE LT,

MNIBKEF YT LoT0vIKRE
ny—, B\, & &£ O Chas-Sullivan
DI — TTE% A\ Hofer-Zehnder B2
EEET B EIZOVWTELE L

Dan Burghelea £ (& ANR (& % 3T
BLEZ2 L) EEOBOERERD
BEIIRTZ2E—R-/ O T7ERD
—MBflzoWTEm L £ Lics B
COEODBERICEELLLHL WL

BEAREEFREL, ThHvxdavKEa
— Y —%HWTHETESY—ILERA
L% L7zo F. Manjarrez-Gutierrez £X
(&, a-small & FiIEN 2 FEOBICK T
HE—R-/EATHEIZOVWTELE
L 72o M. Boileau &k & C. Weber X @
FRICLS L, BUOBDE—X-/ E
JT7HITHEOBEBER E ARICINEN
ICIRZES (39 TH Y. F Manjarrez-
GutierrezfS (£ Z % a-small & (LN
LRSS ICRIEL F L7,

REEBREKIE, HERNZE—X
ER»LDFEEE LT, BREFOZ
BELOE-RBERICHT 2 E—XE
EOEBEIZ DWW TER L £ Lz, EE
BEEIE, E—RBHEFv—> - Y
A EY XEFHEFOBEEIZOVTEL
L7

Yasha Saveliev K [ KB FSRAE &
ZDR—T 7 —EAANDIGAIZDWLT
ZamlLE L7

EgMAROY—CBEL TR £
River Chiang KA &Rt D FRIEAEEHE
FZEEDREZ N DML E L
1o FEHHBEKIZEA (open book)

EEIZDOWTHEEL. Otto van Koert
K3 N RO — (26T 5080
AXBMIDOWTELE LT,

S. Sandon K IFEAFDIEIL—T &
WOBRIZDOWTE L. BEMEZ A
FEEMEDED LS IZLTHRY IZDD
M. HBEWIERY LT DD, B
CEMAORTENEDLSICLTE
FFIE (orderablity) 4 0h. H5
WIEFFE R0 DA, IZDWTERBAL £
L7zo

HRES L Vincent Colin KIZ L 5
FETHEOCONE Lz, KEAH
AKE OETHO LR ISR R
AY—¢T7LT7—REAY—DWAHIC
BELTEY., BIIAROFHRRTE
HOFEMERAEIITT S, e —H—R-
TL7—REAY—D Ny k(MR
DEBHEBNLE LT,

ShofRES L. HROZHA
SEFoTW W ey T LT qy
U5 LR MRS —DOFEFRICHE
LORBREBNLTH LD ZENTE,
¥, BVWIZEROEDONTZE LD
BT, ERITEEARDDTLI,

69

Workshop



INMKMETTEREMRE. 2014FERBER
BERE

2014547280 I
BOREREENH
TENF LA, &
RRKEZRZBRBIER
IR EIEIR T Kavli
IPMUEEFFERE D/
MWRITHBIE D,
DRFICEVWTEREELZTEINE
L7zo BRIEBE (L, 2T - =47 - AR
—VTELWEEx LIffc A ICBESn
7,

IINRBE DM (L, [XRiE] %+
—7—R& LT, B £, @i
FIABUERBLDTHY . WEDHE
NEEERIFLTWET, &2, [
— X VRAZORMAAEBAIIHE
ZEEICE S 2 TNERAEOEROAIA ]
[FERRITICE T S G IMEOB N %K
Bz g 2EROAIE L [T
BoXRB@inZoalsl. [HRENIER
ORI L2 BEEEXRROHKE—ERD
AR NIFEBWICECFHMmENTE Y .
BHIIB T HARENRTL—2 X)L —
ZEBRLE LT

IMERITS A

AEEAEEREE. T4L5— N—
YR RAOMNRFRIC

201458148, AU 7 4L =7
TRIARZ (Caltech) Id#FT7-ICRE X
N+ LY — - N— 7 BRYEZF
FEADIRFTRICEREZZIRDKEE
BIANBELILERERLE LI, K
T AlEKavli IPMU D EEFFRETDH
Hl)ET. ZOMMERATIIIERYEFLH

70

ROKEERBROBBELHLED D
ZEEENELT, TALY— - N—
JRMNIVEBBERABED > v —
XY T FrvALRESHL LT
fF&F L & L7275003 RIL (8975
EM) oFES%H EICLT, RSN
L7

FIENEBEEEESSRE

20149 6H30H (ZKavli IPMU®DZ 7
B MHEEERNVFHESN, 2FEF
NHESNE Lico SEIE. FFIZWPI
e L TRRBIESD S D10FEE O
XEICHRSFERDRFEREZF
BRICER, BHERAZIIOLTEL
DELBAREE N2 EE LI

i

EE1

\

ZE3mZ S/ 5 Nigel Smith <A (SNOLAB).
John Ellis A (King's College London) . Steve Kahn
S A (ZER. Stanford X%/SLAC). David Morrison
& A (California K% Santa Barbara ). [ 7E %
& A CGEBUKH). Young-Kee Kim & A (Chicago X
F), NBEEEIA RRIEKRE).

[FHOY—IH9M1F CEIEKEL=ZIR)
FHRRERM] 28E
RRAZEESSEMIA Kavli IPMU

($2014F4R81H, v —DHR

by TAX—=H— ERR N Z 7 %R
2HNSDOEMNICLD [FEHOS—7
Y4 R GEMAR M= R) FAFEDE
Pl #8BLF L7z, ERBZETHD
FATYEELFEHYERICET S
FFREBFIE. HRRETIEID TD
ZETY,

RBFMAFFRIPIIC(E. BEFEDH
HTHRMICHM SN2 ENEEE E
If. FTBRE%%E L7 Kavli IPMU
FEMREDOB AR —RHEBRN BT
L& Lo BCKTIETARBECSF A
RIMFILBY T 2HIRBIL, FRED
ZRTEMIT, LWhwd [B707

Kavli IPMU News No.26 June 2014

v —] EFENSBEELHY FT,
FAEZRE a7 D7y T —1 ¢
LT =T RILF— VB E ICEE
LIcRA BRI RE T W E T,

305118 L= BFEPS1-10afx D
FRICEAL X EDORAEHR

EN—EEBKRADEZIIEFRLT
5 CHEC [BHE] D55, lafle
W ENBEFHILE— 7 FDORAS I K
CHll>TWT, [FEOBRENRR] & L
TFHMNREROBEIZMBEINT
WE T, &AM, HERD 5H0MRE
HFDRF THEBINIBIE PS1-
10afx 1. la BofHEz= b 540 o8
5$ELEDNHT LT

ARFEN0.22 (20134F6H5) @ News
B p67 TN S N & S 1D, KA,
Kavli IPMU B +ffRED O/ — b -
JAVE—SAER—HAR - T—F—
S A B Kavli IPMU D52 F — A&,
PS1-10afx & Ik & DBEICKEEDIR
(LY X8R AEEL. £ EH
DEFEEPHD TBTEDKEED S
BEHLYIHMRTIEHESLICRAT
WBZEREZED, RRLE LT

Lo L. BFENSBENLIRT (KX
RERSE]) & L RS FHER A 5 B B
EBEDEER->TWAILSD, INE
TOBHHT—¥ TCIIXBITET, L~
ZEAEEZICHBEN? EVnSFERIN
f-EENH Y F LT

PS1-10afx D+ IZEE < B> D
20135F98, 714 Y E—SALDF—
LlENT A D Keck-| EimED(EEER
EAXA=YYIRRBEFEN, EZAD
8% WVRX MRADIDOFH 5. Fil
IZHBIRADAEDHET 5 2 & IZEIH
LE L7 ZOFER. R MR EFA

LESROKT.



F-HEDOBICEHL Y IEREAE) HT
RAMNENMICHEELTLS Z LR
T, KERZIREHS(AAAS)D F
179 2 ZE X7 FE6. Science 2014
FAR2SHSICRKKTHE LI, B
RRERPF v > /N ADIL ELET
AAAS / ScienceflIN B =ETET DA
ADEESRZTL, HERMIZKEC
Y Eifeng L,

72V—=r- 74> A, Kavli IPMU
% EhR

2014FE4H815H -19HIC 7Y » X
b EEMRAMLERIR CETFERA
FEIELD. BEORL DB TOE
NEETHLN, 0mEBA TR
PEEmITL T —< >y - A
TAD Kavli IPMU ZEFfEi S & Lo,
A EAIF. TDRIA21H L
225 12 FE RIS M &R F/Kavli
IPMU #ADZExFHIL, X —/8\—71 2
FAVTRHREERRINE LT

Kavli IPMU NewsD A& 558 - 66—
PIZKavli IPMUDTEREZHEIZ L 2
A5 a— (QRALY>a>DF &
HEEL) NMBEINTLE T,

4
mt
w

CIS-TEETEI) -7 - ¥4/ EA (Kavli IPMU
MABAHFEEE) o

ICRREDER—KRBER [FEHEZHRS
<] B

201448128 (1) ICTERRAS
D7 I aEHIZENT, Kavli IPMUE
ERRPFEEMFEA (ICRR) it
L 2HEI0EER—KREES [FH
A HREEINE L.

Kavli IPMUA & (d, BERKRZE KSR
BOEERI AR R U T Kavli IPMU E1£
HREXFTNDAFELIAN [FH
Dhtcb~EEHhoDFvLvP] &
BL, #F2zEVWT BT —5 5

SO [FEONH] ODETILE
BRTLZIEICODVWTELE LI, £
7ov ICRRD & &, BIFTR O FZEH K
HEMN, [Yavxrrs - 2218 —-2
~EHEREIHLIZFE] EEL. KB
TLT, BHE, AYIBN—I M
&L FHOKRR LB TEE 528K
RICK W RET 2RVEFEENFHT
Br-9®EIIOWTELE L,

i
pli
kN

ERT HHERLS A

BEXRIEE TKavli IPMUBEBEDS
RETP—hDINR
201448258 (&) (2. Kavli IPMU
HWE OB EFEE, ENEXEM L
Arts Society IZ £ AFIDERA N>
IPMUsic+arts night 2MES# & L7z,
LHIE, HREIEDBERRMAE T
“Repetition, Scale, Duration” % 7 —
RIZLBBED L DRBEE35R
DHEBRINICEREZERIC. BLIHK
BEICKY ENEXREFDESED S,
er/va, B AZFr, ¥9-0
WEENETNTITAIZEATIIO
EE A, BPIREL A TH 3 BRI
EYVEBEINE Lo, &5ICIEHBE
BLUOZORE- RADHEZCEE Y.
FILWEBRPIR, 20M0OFMIZLD
TAvEBBHARIN, BELT—
bDyREZELAEZ LI, BEBEE.

BERZRL % DIPMUsic+arts nighto

EfE . EFIDBH R ERABIEBREBA
TEDEEI A SEBLAINANE
g (8T ] #FRBICSFEmN HEAE L
7‘:0

AEEH

BfE

HRKRFET20124F
EroEwInizoO
RTRA > kX b
E#xFAL. 20084
98 1H » 5201243
H31H % TKavli IPMU
EEIR 5B R
HREVEBFEROTHERLBIRD .
2014F4818 &£ ) BB RKE 040% %
Kavli IPMUEIZ & L THTAHETE)R
Ll THTAERD LS 1218
BxFE->TWLWET, [#F-FTKavli
IPMUD X > IN—=(lla>t-Z &S
LLEBLWET, RISFEYIES (CHEK
Hb, BlcaryEa—y—v3IalL
—> 3 vERWCREDERN Y —2
RY—IIETAMRETo>TEEL
7=o Kavli IPMU TIl&. 9 (£5HSCH —
RNA DT —YERBWZFEBRAB
HEDRRDMFR L EDI-LEB-T
WE ¥

EHERL S A

e

PE 2 S AD Kavli IPMU EL3T
87 oA ERESEMAGTRHEZER
128 L F L7o. EEEARI£2010469
B1H» 52014%4830HT L7,

% 72, Malte Schramm & A% Kavli
IPMU 1SR E 4 TR 7 TREBI L
¥ L7 EEERIL2011E581HD
52014F4830H & 0201445816
HA 52014468308 T L7,

71

News



Kavli Institute for the Physics and Mathematics of the Universe

. K AV L | P VB PN
~# World Premier International Research Center Initiative

WP R by T LARVFRILE T A T

T Todai Institutes for Advanced Study g The University of Tokyo
% T AR RS
N EWS No. June 2014

FEHOAVTL— a3yt RBER

1&%%}% BEAMPMERER. Kavli PMUES ERBFHES

2014538170, BIRARICERE SNICEFREREBICEP20 7 L —THFEYA 7 DEEEKRES (CMB) DR
FHREIZE > TRIBERAEENICER, ERRLE LI, HROTYIAIAIGIDERIZE->T, EvIN
YFHAEDNT YA Ly AT L= a vIEBRHANEIESNICERLFE L 1> 7 L—>avERIINIR
EFRENIRENICEREZRL L. ZORBRBREEREN KD S EEFHIIHL CIMRASNADEFHER -T2
&L FREIOMERROEFES ENKE(IREILS N, RICRTPIRINICHRT 2BERES S ES
N2 EREEFELE T, KENASAOCMBERIEE COBEX WMAP IZFEAEENTI8TELMIEST
WAWFHOZRAHEEL, 1Y 7L—>aVBROFETIBERESEZER. Z0EREEMITE L,
—H. EFESTIIYEIR LT —OBERES T TR, BREOES T, EFLARICEYHLET,
ZOEIRIFCMBORAED /Y — > HNEBE EZRIZHE HB-mode 1BV HT DT, TNHARBIZEDD 720D
THNIE, 1> T7L—2arvBREISIIEMITZI IR ET, LaL, IRTRODEBITES ¥ D)
RIZKVALCE >INy = DMEoNAgEELH Y. TORMENH W & ZZITTLE T, ESADCMB
BUAIEE, Planck? 108 ICRABRIOBREZHKER L £ T, £ /KEKDOFESHA ST 5 POLARBEARZ: & 1
RTEZLDTIN—THEBP, F—DT7 FAWERETEHAEToTLE T, BROBRENSELATT,

| 381E4
38 HF

v “-‘\\I—VQ\, S0

R = exp (t/z) Wr_

Kavli IPMU News No. 26 June 2014

©Kavli Institute for the Physics and Mathematics of the Universe, 2014
All right reserved

Published by Kavli Institute for the Physics and Mathematics of the Universe Chief Editor Kenzo Nakamura

Todai Institutes for Advanced Study Production Cooperation Matsueda Printing Inc.
The University of Tokyo

5-1-5 Kashiwanoha, Kashiwa, Chiba pref., 277-8583, Japan

phone: +81-4-7136-4940 fax: +81-4-7136-4941

HRAZEERSEMRAN 17 ) B EEFTEIT TSRS

FEEHTADES-1-5 T277-8583

B5E 1 04-7136-4940 77 v X1 04-7136-4941

http://www.ipmu.jp/

press@ipmu.jp ISSN2187-3097



