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Director’s Corner

Science and Politics

Recently we have witnessed elections in many
countries, including Japan, United States, Korea,
one looming in Italy, and once-in-a-decade change
of leadership in China. Newspapers have been
busy reporting projections and results, with various
predictions on what the new administrations will do
in the near future. Even though what we do is trying
to understand how the Universe works, we are
actually not immune to changes in politics.

The kind of science we pursue at the Kavli IPMU
is basic research without immediate payoff to solve
problems in the society. It is an important question
why taxpayers would support this type of research at
all.

In old days, astronomy research was primarily
supported by kings, emperors, sultans, and rich
noblemen because of presumed predictive power
of astrology as well as of need in navigation for
imperialistic conquests. Mathematics research is said
to have emerged from the need of land surveying
after the floods of the Nile in ancient Egypt. And later
it became important for cryptography in connection
to national security. Physics was well-supported after
WWII because of inventions such as radar, laser,
transistors, and (gasps) nuclear weapons.

In fact, two months after | arrived in to Berkeley
in 1993, a big particle-physics project called
Superconducting Super Collider (SSC) was cancelled
in the middle of construction, and hundreds of staffs
were laid off. This incident is usually attributed to the
lack of support for physical sciences after the end of

Director of Kavli IPMU
Hitoshi Murayama

the Cold War.

What we hope at the Kavli IPMU is that taxpayers
and politicians see values in addressing truly
fundamental questions about the Universe, where
we came from, where we are going, and why we are
here. We believe that these deep questions inspire
young minds to enter scientific and mathematical
fields, who end up solving practical problems and
create innovations in technology. We've been very
encouraged by many young students attending our
outreach events, getting excited about math and
science. In addition, the goal of basic research is
completely global, uniting people from countries that
are potentially in conflict. The Kavli IPMU embodies
this true nature of science.

Director’s
Corner



FEATURE

Kavli IPMU Associate Professor YU kl nObU TOda

Research Area: Mlathematics

Minimal Model Theory, Derived Categories of
Coherent Sheaves, and Mirror Symmetry

Classification Theory of Algebraic
Varieties

There is a research field in mathematics called
Algebraic Geometry. In algebraic geometry, we study
the geometric objects (called algebraic varieties)
defined as the solution spaces of polynomial
equations. For instance, lines, circles, and parabolas
(Figure 1) are algebraic varieties. Since the algebraic
varieties are geometric objects, we can study them
via geometric intuitions. On the other hand, since
they are defined by polynomials, it is also possible
to study them via algebraic methods. Also, algebraic
geometry is related to several other research fields

such as number theory and string theory. For instance,

an algebraic variety called an elliptic curve plays an
important role in the proof of Fermat’s last theorem
in number theory, and the three-dimensional Calabi-
Yau manifold appears as an extra dimension in string
theory. In Japan, the classification theory of algebraic
varieties is a central theme in algebraic geometry. The
Fields medalists in Japan (Kunihiko Kodaira, Heisuke
Hironaka, Shigefumi Mori) all contributed much to the
classification theory of algebraic varieties.

The idea of the classification theory of algebraic
varieties is, roughly speaking, as follows. First let us
consider the simplest case: the one-dimensional case.
Although we say one dimensional, the solution spaces
of the polynomials are extended to the complex
numbers in algebraic geometry, so the real pictures
are two-dimensional surfaces (Figure 2). For instance,

if we extend the solution spaces to complex numbers,
the lines, circles, parabolas become two-dimensional
spheres with some punctures. By filling these
punctures, (this process is called compactification,) the
lines, circles, parabolas all become a two-dimensional
sphere. This sphere is called a rational curve, which

is the most fundamental one-dimensional algebraic
variety. Also an elliptic curve, which is defined by a
cubic polynomial, becomes a two-dimensional torus.
It is known that all the one-dimensional algebraic
varieties are surfaces with some doughnut type holes.
The number of the doughnut type holes is called

the genus, and the complexity of a one-dimensional
algebraic variety depends on its genus: genus zero
(sphere), one (elliptic curve), more than one (general
type). The idea of the classification theory of one
dimensional algebraic varieties is to study their
geometric structures once we determine which of the
above three types they belong.

Minimal Model Theory for Two-
Dimensional Algebraic Varieties

In a higher (more than or equal to two) dimensional
case, algebraic varieties are not classified in terms of
the numbers of doughnut type holes as in the one-
dimensional case. Instead, higher dimensional algebraic
varieties are classified in terms of Kodaira dimension,
which is different from the usual dimension. The
complexity of a higher dimensional algebraic variety
depends on its Kodaira dimension, so knowing it
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is a key step toward the classification. The global
geometric structures of higher dimensional algebraic
varieties are complicated, however, and they are not
classified as simple as in the one-dimensional case,
even if we knew their Kodaira dimension. The reason
behind this complexity is that there are extra rational
curves on the algebraic varieties that behave badly, so
we try to contract an extra rational curve and obtain
a new algebraic variety. If we can repeat this process
and finally obtain an algebraic variety without such
an extra rational curve (called minimal model), then
we may try to study its global geometric structure.
This is the idea of the higher dimensional classification
theory. The above process finding the minimal model,
on which there is no extra rational curve, is called the
Minimal Model Program (MMP for short).

The MMP for two-dimensional algebraic varieties
was completed by an Italian school at the beginning
of the 20th century. In this case, there is a further
classification of minimal models. For instance, minimal
models of the Kodaira dimension zero are classified
into four types: K3 surfaces, Enriques surfaces, Abelian
surfaces and elliptic surfaces. In each case, there is
an interesting geometry behind it. In particular, K3
surfaces are two-dimensional analogue of elliptic
curves and three-dimensional Calabi-Yau manifolds,
and their geometry is closely related to the lattice
theory. Also, since the mirror symmetry of K3 surfaces
is described in terms of the lattice, it is actively studied
now as a toy model of mirror symmetry.

Minimal Model Theory for Three-
Dimensional Algebraic Varieties

As we mentioned above, the two-dimensional
minimal model theory was completed in a beautiful
way. If we try to construct a similar theory for three-
dimensional algebraic varieties, however, we find a
serious problem which was not found in the two
dimensional case. That is, if we contract an extra
rational curve that behaves badly, then the resulting
variety may have a singularity. Here we say that an
algebraic variety has a singularity if we are not able
to find a local coordinate. For instance, we are able
to find a (real) two-dimensional coordinate on a one-
dimensional algebraic variety since it is a surface with
doughnut type holes. Such a coordinate system is
not always found in the higher dimensional case. For
instance, there is an algebraic variety that looks like a
cone, and we cannot find a coordinate system at the
vertex. It is difficult to study the geometry of algebraic
varieties with singularities, and the three dimensional
minimal model theory was not developed for a while.

The above problem was excluded in the 1980’s,
and the three dimensional minimal model theory
was substantially developed. Through the efforts
of Shigefumi Mori, Yujiro Kawamata, Vyacheslav
Shokurov, and others, a class of singularities (called
terminal singularities), which are rather mild and
should make the three dimensional MMP work, was
introduced and investigated. It is possible that we
can contract extra rational curves for varieties with
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terminal singularities. If the resulting varieties also have
at worst terminal singularities, then we can continue
the program. Unfortunately, this is not true, since a
very bad curve called a flipping curve is contracted to
a non-terminal singularity. In this case, the program
was shown to continue if we replace the flipping
curve to another rational curve. This process is called
a flip. The existence of flips was a serious problem,
but shown by Shigefumi Mori in 1998, and the three-
dimensional minimal model theory was completed.
One of the features of three dimensional minimal
model theory is that the resulting minimal models
are not unique, but any two of them are connected
by a sequence of flops. A flop is very similar to a flip,
which replaces a flopping curve that is not so bad as a
flipping curve by another rational curve. It was known
that flops preserve much geometric information. In the
1990’s the ultimate of such a phenomena was found,
that is the derived categories of coherent sheaves are
equivalent under flops. This was first proved by Alexei
Bondal and Dmitri Orlov for particular flops, and
later proved by Tom Bridgeland for arbitrary three-
dimensional flops.

Derived Categories 0f Coherent
Sheaves

The notion of derived categories of coherent
sheaves on algebraic varieties was introduced by
Alexander Grothendieck in the 1960’s. In order
to explain this notion, we first explain coherent

sheaves roughly. The notion of coherent sheaves is a
generalization of functions on algebraic varieties. For
instance, the set of functions on an algebraic variety,
which locally written as polynomials, gives a coherent
sheaf called a structure sheaf. This is not a unique
choice of a coherent sheaf, as structure sheaves on
sub algebraic varieties also give more examples of
coherent sheaves. There are many coherent sheaves on
an algebraic variety, and if we consider each coherent
sheaf as an “object” and introduce “morphisms”
which relate pairs of coherent sheaves, then we
obtain a mathematical system on the set of coherent
sheaves. You can imagine this system by considering
each coherent sheaf as a point, and a morphism as an
arrow between two points corresponding to coherent
sheaves. Such a mathematical system, with the notion
of objects and morphisms, is called a category.

The category of coherent sheaves is defined as
above, but it does not have a good property in
some senses. Suppose, for instance, that there is a
map between two algebraic varieties and consider
the problem associating a coherent sheaf on one
of them to one on another variety. There is a
naive way of doing this, but it sometimes loses the
information of a coherent sheaf. In order to solve
this issue, Grothendieck considered complexes of
coherent sheaves. Let us explain the complexes of
coherent sheaves by comparing them with points
and arrows as above. We first put the numbers 1,
2,3, - on a finite number of points, and then draw
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arrows between consecutive numbers from smaller
numbers to bigger numbers. We associate coherent
sheaves with the numbered points, and morphisms
with arrows between consecutive numbers. Such

a diagram satisfying a certain property is called a
complex of coherent sheaves. The derived category of
coherent sheaves is defined to be the category whose
objects consist of complexes of coherent sheaves.

The morphisms in this category are rather difficult, so
we omit the explanation. If we consider the derived
category of coherent sheaves, then we can solve the
above issue associating a coherent sheaf on a variety
to one on another variety. That is, if we associate an
object in the derived category of coherent sheaves
instead of a coherent sheaf, then we don’t lose
information.

So far, we have discussed a technical aspect of
derived categories. The originally derived category was
introduced in order to solve a technical problem, so it
was not considered to be related to the geometry of
algebraic varieties at the begging of its introduction.
Such an idea drastically changed in 1994.

Mirror Symmetry and the Minimal
Model Theory

In 1994, at the International Congress of
Mathematics held at Zurich, Maxim Kontsevich
proposed homological mirror symmetry conjecture.
This conjecture predicts equivalence between the
derived category of coherent sheaves on an algebraic
variety and a certain category (called Fukaya category)
determined by a symplectic manifold mirror to it. The
idea behind this conjecture is to realize symmetry
in string theory by regarding objects in derived
categories of coherent sheaves, and Fukaya categories,
as D-branes of different types. It was surprising that
the derived category of coherent sheaves, which is
a rather technical and abstract mathematical notion,
was related to string theory. It was also surprising
that algebraic geometry and symplectic geometry
are predicted to be equivalent, as they seemed to be

different geometric theories.

Since the proposal of homological mirror symmetry
conjecture, it has been recognized that the derived
category of coherent sheaves is an essential
mathematical object that realizes symmetry among
algebraic varieties. Also through mirror symmetry,
several equivalences of derived categories of coherent
sheaves on different varieties have been predicted.
The derived equivalence under flops is one of them.
This is proved for three-dimensional flops, but it is still
an open problem in higher-dimensional cases, and a
new idea is required.

As a development of the idea of the derived
equivalence under flops, it is a natural direction of
research to study how derived categories of coherent
sheaves behave under steps of MMP. At a special
step of MMP, it is observed that the derived category
gets smaller by Bondal-Orlov and Yujiro Kawamata.
So we expect that the MMP is a program that makes
the derived category smaller, and even if the minimal
models are not unique, they are equivalent at the level
of the derived category. It is a very difficult problem to
show this in full generality since we have to deal with
singular varieties. If the above idea is realized, however,
then it not only provides a new viewpoint of MMP but
also several applications are expected.

Now, by a slightly different viewpoint, | am trying to
understand each step of MMP as a space of objects
(called moduli space) in the derived category on the
starting algebraic variety. The keyword is the notion of
stability conditions on derived categories introduced
by Bridgeland in 2002 inspired by the work of string
theory. The results are not satisfactory at this moment,
but once this idea is realized, | expect applications
to several directions such as quantum invariants and
mirror symmetry. In this way, although the minimal
model theory was developed in order to classify
algebraic varieties, it is now connected with several
research fields through string theory and derived
categories, and we see a new development of this
theory.

Feature



Takeo Higuchi

Kavli IPMU Associate Professor

| have been involved in a high-energy experiment
“Belle”, and have proved the Kobayashi-Maskawa
theory, which is one of the pillars of the Standard
Model (SM). Most behaviors of the elementary
particles are known to match well to the SM. On the
other hand, our Universe comprises yet-unanswered
mysteries by the SM, like grand unification, dark
matter, and the like. Most physicists believe that
the SM is a low-temperature approximation and
the mysteries may be answered by a new physics
beyond the SM applicable to a much higher-
temperature Universe. To elucidate the structure
of the new physics, we upgrade our accelerator
luminosity by a factor of 40 than Belle, because we

Research Area: Experimental Physics

expect new-physics signatures should be very faint.
In Kavli IPMU, we also contribute to the experiment
through technical works by establishing an assembly
procedure of a “silicon vertex detector”,

which determines particle decay positions in
O(10um) accuracy, together with relevant software
development.
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Tanmay Deshpande  researh ares: Mathematics

Postdoc

My current research interests are in the study of
the structure of certain tensor/fusion categories and
the theory of character sheaves on unipotent groups.
Let G be an algebraic group over a field of positive
characteristic. We consider the family of finite groups
formed by taking points of G with values in various
finite fields. The goal of the theory of character
sheaves is to understand the representation theory
of these finite groups in terms of the geometry of
G (in terms of l-adic sheaves). Character sheaves for

reductive groups were studied by G. Lusztig, and
inspired by this work, V. Drinfeld initiated the study
of character sheaves on unipotent groups. My work
focuses on this theory and the study of various
fusion and modular categories that arise naturally in
this theory.

Satyanarayan Mukhopadhyay  researc area Theoretical physics

Postdoc

My research focuses on the physics we can
explore with the Large Hadron Collider. This includes
both standard model physics like different aspects
of QCD jet physics and also new physics that might
be around the corner at the TeV energy scale. After
the recent discovery of a Higgs-like particle, | am
very much interested in the determination of its
properties, which can serve as a window to TeV-scale
physics. In addition, | am interested in pursuing the

Daniel Pomerleano

Postdoc

My research centers around algebraic structures in
two-dimensional topological quantum field theory,
and in particular the deformation theory of dg-
categories. This interest has led me in a couple of
seemingly unrelated directions including the study of
matrix factorization categories and curved algebras
and the deformation theory of non-compact Fukaya

cosmology and particle physics interface, in particular,

the mechanism behind the matter-antimatter
asymmetry in the universe and the nature of dark
matter.

Research Area: Mathematics

categories. Most recently, | have been thinking about
specific cases of homological mirror symmetry.

Our Team



Ka| SChmItZ Research Area: Theoretical Physics

Postdoc

As a particle cosmologist, | aim at constructing
a consistent history of the early universe based on
possible extensions of the two standard models of
particle physics and cosmology. To this end, | build
new physics models, explore their phenomenology
and point out eventual signatures in the sky as well
as in laboratory and collider experiments. Open
questions that | am particularly intrigued by concern,
i.a., inflation, preheating, reheating, the production
of gravitational waves during cosmological phase

Bened etta VU ICa ni Research Area: Astrophysics

Postdoc

My major research interest is to understand the
most important factors that drive galaxy evolution
through cosmic time, trying to disentangle and
guantify the importance of galaxy mass, redshift and
environment. | have been focused on characterizing
the history of stellar evolution and structure
development of galaxies in different environments,
by tracing the star formation rate, morphology and
total stellar mass of galaxies at different redshifts. In
addition, | am particularly interested in understanding

transitions, baryogenesis via leptogenesis, the
phenomenology of the neutrino sector at low
energies as well as elusive particle candidates for
dark matter.

how the galaxy stellar mass distribution can be
affected by the environment in which galaxies
reside, contrasting the role of the global and local
environments.
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Special Contribution

The Kavli IPMU Orchestra

Cornelius Schmidt-Colinet

Kavli IPMU Postdoctoral Fellow

The orchestra at the Kavli IPMU grew out of
a performance by some of its members on the
occasion of the inaugurational ceremony of
the institute. Organised by dedicated staff of
the institute administration, and borne by the
interest and enthusiasm of its participants, its
performances and weekly practice sessions
continue to be one of the main social activities
at the Kavli IPMU. In the following, the author
collects some personal memories of his
experiences in the orchestra.

It was shortly after my first arrival at the IPMU in
November 2009 when |, passing by a seminar room
late in the evening, perceived something that, after a
second of doubt in which | was unsure whether | had
not just witnessed the last scream of a bird being
prey to a triumphant cat, could in fact be nothing else
but the first tones of an aspiring violinist. Curiosity
struck me, and upon entering the room | found
one of our professors, indeed being engaged in the
presumed activity. | expressed my admiration that
he, being a little older than me after all and bearing
all the duties of a professor at the IPMU, still had the
energy to undertake such an endeavour as taking
up an instrument, but was even more astonished to
hear that not only had he begun taking classes, but
even did so in order to participate at a musical event
planned for the ceremony for the inauguration of
the institute at Tokyo University which was about to
take place in the following spring. Maybe my signs of

compassion had told him that it was in fact my own
experience which made me not completely unaware
of the hardships adepts encounter in the beginning
of their violin education—and indeed | have been
wrestling with the instrument at an earlier stage—
but be this as it may, when | walked out of the room
a little later | had received explicit orders to bring my
own instrument from Europe, and to participate in
the rehearsals and at the ceremony.

Hence | joined the IPMU orchestra in February
2010. At that time, the orchestra consisted of a
flute, an oboe, a piano, a viola, a couple of violins,
and a conductor. The director of the institute,
Hitoshi Murayama, was to join in at a later stage
with the contrabass. | do not know precisely how
the orchestra has come to existence and if it was
planned as a permanent institution from the very
beginning, but | think that it was not really clear
whether it would last beyond the ceremony it
was initially created for. From the beginning it has
been administered and organised by two of our
secretaries, Rieko Tamura and Kotoe Kawaijiri, who in
their capacity as organisers form the heart and soul

Special
Contribution



of the orchestra, and have been regular participants.

By the time | joined, the pieces we had to practice
were already decided, and roles and parts had
largely been assigned. Time was precious—all of
us being occupied with our individual duties we
only managed to meet about once a week, but
we set out to practise and play with assiduity. The
members of the orchestra were at quite different
levels; some had played in student orchestras before,
were experienced and used to playing in groups,
some were mere beginners, and still others, like me,
had had some acquaintance with their instruments,
but had not been touching it for a long time. Our
conductor, who had just learned the technicalities of
his trade from taking a crash course on youtube and
had been asked by a slightly worried member of a
different nationality whether conducting in a mirror-
inverted way was “the usual style of conduction in
America’, mastered the baton within a mere few
weeks, and fortunately turned out to be gifted with
a good feeling for rhythm and dynamics. He forced
the orchestra to exercise the pieces measure by
measure, until people were actually in tune, together,
and listening to each other.

The ceremony was getting closer when we
learned that the responsible administration had
expressed uneasiness with our choice of pieces. It
was in particular one of them, the Kindersymphonie
from the time of the first Viennese school, that
spurred concerns whether it would be a decent one
to be played in front of all the high-ranking and
distinguished guests expected at the ceremony. After
all, the name, and in particular its English translation
“Toy symphony”, was not precisely fit to inspire
particular trust in its adequateness for the dignity
of the event. It became clear to me only much later
that while there is a certain and in fact astonishingly
broad number of classical tunes that is very popular
in Japan and can be heard everywhere from school

orchestra performances to wedding ceremonies
and from TV entertainment to department store
background music, the Kindersymphonie does not
quite form part of this set. In addition, the event was
important for IPMU; the responsible administration
could certainly not let things run out of control -
hence it is understandable that the issue was raised.
However, for various reasons the orchestra liked the
Kindersymphonie, we had put quite some work into
its preparation, and we stubbornly stuck to our plan
to perform it. Finally the event administration gave
in—although it had taken some persuasive skills of
members of the orchestra, and a final decision in
favour of the tune by the director himself.

On the day of the performance we were
supported by the director, and also by his daughter,
whose cello provided the base so dearly needed both
for a completion of the sound spectrum as well as
a reference point for the other instruments. We also
had support from a couple of professional players
who had been hired for the occasion. Together we
managed our first performance successfully.

Since this time, the orchestra has continued to
practice and perform. Rehearsals take place every
week in a seminar room at the institute. There is
no particular pressure on people to attend the
rehearsals, and while some members participate
quite regularly, others flock in and out from week to
week according to individual schedule, duties, and
mood. We usually practice without a conductor now,
and generally over the last two years the composition
of the orchestra has changed quite substantially as
people come and leave the Kavli IPMU. For a long
time the orchestra was without any base instruments,
but recently two cello players have joined in, which
also adds to the stability and accordance of the other
players. We have regular participation of a trumpet,
and occasionally viola players, further oboes and
other winds, singers, and even drummers who come
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to rehearsals or join us during performances. The
members include secretaries, students, professors
and postdocs alike, and some of them now come
from outside of the institute. In some occasions we
even had support by professional musicians, who
were related either to members of the orchestra or
had heard us play at some performance.

Our repertoire—or, rather, the set of pieces we
have played or dabbled with—has been as colourful
as the composition of the orchestra members.

It ranges from classical music—pieces from the
baroque, classic, romantic, and modern periods—over
jazz tunes, Christmas songs, and songs which are
popular in Japan to compositions by members of the
orchestra. The orchestra has always been open to
suggestions of new pieces from all of its members,
an attitude that has been exploited very actively.

As we often had to overcome a rather unbalanced
instrumentation, pieces were frequently rearranged,
or we simply focused on those parts which could be
played with the people at hand.

Naturally, as musicians keep coming and going
there is not really a set of pieces that the orchestra
holds ready on call. In fact the policy has rather been
to play whatever comes up instead of working on a
basic stock of pieces—an endeavour that would have
been rather boring for long-term participants, and of
little use for newcomers anyway. Nevertheless some
pieces have emerged which have become some sort
of standard by now, one of which consists of the

first few measures of Mendelssohn’s wedding march.
The reason for this is that the orchestra is frequently
summoned to play at institute tea times if a member
of the institute has entered the state of marriage, an
act not completely uncommon as in particular many
postdocs are in their early thirties. Besides performing
at various occasions during tea time and on institute
anniversaries, the orchestra has participated in so-
called Waku-Waku concerts—some kind of musical
potluck events organised on Todai’s Kashiwa campus
twice a year. Towards the end of the year after the
performance at the inauguration party, the orchestra
played Corelli's Christmas Concerto at such a Waku-
Waku event, and has since been a quite regular
participant.

While in the earlier days it had been necessary to
actively look for more participants and to advertise
the orchestra to potential members, interested
people from new generations of postdocs at the
Kavli IPMU tend to find their way by themselves.
Sometimes they know even before their arrival about
the existence of the orchestra, since information
can now be obtained from a dedicated Kavli IPMU
website. The orchestra has become more visible as
an institution for social interaction besides work,
and especially due to its policy of non-commitment
has always been a pleasant and exciting activity
appealing to the broad variety of researchers at the
Kavli IPMU.

Special
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Workshop Report

Homological Projective Duality and Quantum

Gauge Theory

Kentaro Hori

Kavli IPMU Professor

Recently, there has been intriguing and fruitful
interaction between one area of mathematics and
one area of physics. Physics provides mathematical
predictions which mathematicians try to prove,
while mathematical results stimulate physicists
and sometimes lead to new discoveries. During
November 12-16, 2012, this workshop was held in
the middle of such interaction, and many of the key
players participated.

The area of mathematics is algebraic geometry
based on homological algebra and the one
of physics is two-dimensional supersymmetric
quantum gauge theory. The origin of the interaction
goes back to the recognition that the language of
category is suited very well to describe a class of
objects in string theory, called “D-branes”. D-branes
are interactions on the worldsheet boundary and
they form a type of “category” where open string
states play the role of “morphisms”. Such a category
can be the subject of mathematical study, and
quite often it is of the type studied earlier, such as
“derived category of coherent sheaves”. On the
other hand, a very powerful method to construct
and study quantum field theories on the worldsheet
is provided by a class of two-dimensional
supersymmetric gauge theories called “linear sigma
models”. Through this relationship, some facts
in two-dimensional gauge theories have some
consequences on categories, and some results on
categories give some hints toward understanding
two-dimensional gauge theories. Below are two
examples of such interactions that motivated this

workshop.

(1) By a general principle of supersymmetry, the
category of D-branes (“B-branes” to be precise)
does not change as the parameters (Kahler moduli)
are varied. This yields a mathematical prediction that
two different categories, corresponding to D-branes
at two different regions of the (K&hler) moduli
space, must be equivalent. D. Orlov proved examples
of such equivalences (2005). He proved that the
derived category of coherent sheaves on a projective
hypersurface f=0 is equivalent to the category of
(graded and equivariant) matrix factorizations of
f. This proof motivated physicists (M. Herbst, D.

Page and myself) to study D-branes in linear sigma
models in detail and led them to find the “grade
restriction rule”, the condition on the gauge charge
at the boundary as the theory is deformed from one
region to another in the moduli space (2008). This
physics result in turn stimulated mathematicians and
led them to give a mathematical formulation of the
grade restriction rule in much broader contexts (D.
Halpern-Leistner, M. Ballard-D. Favero-L. Katzarkov,
and W. Donovan and E. Segal, 2012).

(2) In 1998, a Norwegian mathematician E.A.
Radland wrote a mysterious paper which says that
two different Calabi-Yau manifolds, call them X and
Y, have the same Picard Fuchs equation as their
mirror. | learned of this from D. Van Straten in 2003
and tried with D. Tong to explain it by constructing
a linear sigma model whose Kahler moduli space
has two regions corresponding to X and Y. We
managed to do it but it required us to understand
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the low energy dynamics of a class of non-Abelian
gauge theory in two dimensions (2004-2006). In the
meantime, E. Witten pointed out that, if our study
goes through, X and Y must be derived equivalent.

| mentioned it to A. Caldararu who was interested
in finding examples of birationally inequivalent but
derived equivalent varieties. Soon after, Caldararu
and L. Borisov came up with a proof of the derived
equivalence (2006). It turns out that the equivalence
is a particular case of Homological Projective Duality
by A. Kuznetsov who also gave a proof. Later, pairs
similar to X and Y were found by A. Caldararu-J.
Distler-S. Hellerman-T. Pantev-E. Sharpe (2007)

and S. Hosono-H. Takagi (2011). | was naturally
interested and tried to explain the new examples
using linear sigma model. Again, this required me to
understand the low energy dynamics of a different
non-Abelian gauge theory. This time, however, it
required a different level of understanding and led
me to uncover a novel duality in two-dimensional
supersymmetric gauge theory (2011), which is
similar to Seiberg duality in four-dimensions. The
duality provides a unifying scheme to understand
many of the known derived equivalences and

also produces more examples. This summer in

Moscow | discussed with Kuznetsov, and we found
that the examples from gauge theory duality and
Homological Projective Duality have a significant
overlap but there are also some differences.

The workshop was attended by nearly 40
mathematicians and physicists, including many of
the persons mentioned above, as well as others
who work on different and important aspects
of homological algebra, algebraic geometry and
supersymmetric gauge theories. It was a great
opportunity for all these people to get together in
one place and exchange ideas. | very much look
forward to seeing where the interaction leads us.

The Workshop was coorganized by Ludmil
Katzarkov (Univ. Miami/Vienna), and by myself. It
was financially supported by European Research
Council (Generalized Mirror Symmetry), MEXT,
Japan (Kekenhi: Collaboration of Mathematics and
Physics for Superstring Compactifications), Ministry Works{eel
of Science of the Russian Federation (Laboratory
of Algebraic Geometry and its Applications).

The administrative part is taken care of by Kavli
IPMU staffs, most dominantly Rie Ujita. We would
especially like to thank Rie for her very efficient and
devoted work.



Research Report

The MaNGA Prototype Sees First Light!

Kevin Bundy

Kavli IPMU Assistant Professor

For the last two years, I've been leading a team
of scientists that is designing a new instrument
and survey to be carried out as part of the 4th-
generation Sloan Digital Sky Survey (SDSS) starting
in 2014. Instead of previous spectroscopic surveys
like SDSS-I that have only measured light from a
single point at the center of targeted galaxies, our
goal is to obtain spectroscopic measurements at up

to 127 distinct locations across each galaxy in an

unprecedented sample of over 10,000 local galaxies.

Our project is called MaNGA for Mapping Nearby
Galaxies at Apache Point Observatory. In December,
| visited Apache Point Observatory (New Mexico) to
help install a prototype of the MaNGA instrument.
MaNGA builds on the existing BOSS instrument,
which has two telescope-mounted spectrographs
that are fed by 1000 fibers, a similar concept to

the Prime Focus Spectrograph that Kavli IPMU is
designing for the Subaru Telescope.

The key advance is the ability to "bundle" sets
of BOSS fibers into hexagonal, closely packed
arrays of 19 to 127 fibers per bundle. Engineering
drawings by U. Washington grad student, Nell
Byler, show examples of the 'fiber bundle' we have

developed in work led by MaNGA's Chief Engineer,

Nick MacDonald. We have designed a metal ferrule
with a hole that begins as a gently tightening cone
and then transitions to a hexagonal shape. When
a bundle of optical fibers is inserted, they arrange
themselves in the optimal configuration. The ferrule,
about 1cm across and one of 20 to be deployed in
a single pointing, is then plugged into an aluminum
plate which locates it on a galaxy target in the sky.
Over the course of our 6-year survey, we will observe
roughly 500 plates, each covering a circular area with
a diameter spanning the equivalent of 6 full moons.

The prototype bundles performed even better
than expected in our December tests. Afternoon
calibrations determined that the sensitivity was
high and on the night of December 20th, MaNGA
achieved First Light. An example is shown below
in which one of 127-fiber bundles targeted a close
grouping of three stars. While MaNGA obtains a
spectrum at each point across the bundle, we can
integrate this "data cube" over the wavelength
dimension to create a psuedo-image and compare
it to an actual image of the same sky location (see
below). An example of a spectrum extracted from
the brightest star is also shown.

In January 2013, we will train the MaNGA
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MaNGA Fiber-bundles’ First Light
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When the full survey begins, MaNGA will have the
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Research
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power to reveal patterns in the internal composition

of galaxies and chart the motion of their stars and
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Interview

with Brian Schmidt

Interviewer: Melina Bersten

Interest in Supernova
Study Dates Back to
Undergraduate Days

Bersten: First of all, I'd like
to congratulate you for the
Nobel Prize.
Schmidt: Thank
you very much.
Bersten: | can
imagine you are very
happy. | would like to
go back to the origin
of it all. How did you
get interested in the study
of supernova?
Schmidt: | was an
undergraduate at the
University of Arizona and
there was a project run by
John McGraw who was my
undergraduate supervisor.
(One of two. Tom Swihart was

Brian Schmidt is Distinguished
Professor at the Research School

of Astronomy and Astrophysics at
the Australian National University,
formerly known as Mount Stromlo
and Siding Spring Observatories. He,
together with Saul Perlmutter and
Adam Riess, received the 2011 Nobel
Prize in Physics "for the discovery

of the accelerating expansion of

the Universe through observations
of distant supernovae”. He has also
received many other distinguished
awards. In particular, he shared the
2006 Shaw Prize in Astronomy

with Saul Perlmutter and Adam
Riess. He received his Ph.D. from
Harvard University in 1993. He was a
postdoctoral fellow at the Harvard-
Smithsonian Center for Astrophysics
from 1993 to 1994. He moved to the
Mount Stromlo Observatory in 1995.
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my other one.) | was working
for him on his project. After
about a year, | was getting
to the point where | could
do something useful. One of
the things they wanted to do
was to discover supernovae
in their data set. It was the
first digital survey. It was like
the Sloan Digital Sky Survey
where the sky transited
across the detector and they
moved the information on the
detector along with the sky,
drift scanning as it’s called. |
liked the idea of discovering
something new in the data.
So | started looking for that as
part of my work for him as an
undergraduate.

Now, | had not intended
to do that for my Ph.D. thesis
and it was when Bob Kirshner
visited to give the first Marc
Aaronson Memorial Lecture
at University of Arizona when
I was finishing my last year
of studies there and | was
trying to figure out where to
go to graduate school. Would
I go to Caltech, would | go
to Santa Cruz, or would | go
to Harvard? Those were my
three choices at the end and |
just could not decide.

In the end, Bob came and
gave a very good talk on
supernovae and | said, “Well, |



hadn't really thought of doing
supernovae for my Ph.D. thesis,
but I do find them interesting
and here is someone who |
can work with at Harvard.” |
said to him, “If I can work with
you on supernovae then ['ll
come to Harvard.” That's how |
got started.

Bersten: At the beginning,
you studied Type Il supernova.
Schmidt: As an undergrad, in
Arizona, we were just looking
for them. We didn’t care
what type they were. But, at
Harvard for my Ph.D. thesis, |
did study Type Il supernovae. |
measured distances with them
in a way that Bob Kirshner
did for his Ph.D. thesis. When

| came to Harvard, Bob gave
me a project to go and look
at supernova 1987A. | said,
“No, | don’t want to do that. |
want to do something else. |
want to measure the Hubble
constant and | want to do

it using this technique that
you developed back in your
thesis.” | was going to improve
it. He had a postdoc who
could model the supernovae
very accurately and do it with
a radiative transfer code and
so | was going to work with
Ron Eastman, and to improve
the method to measure the
Hubble constant. That's what |
really did for my Ph.D. thesis.
Bersten: What was the

main reason that made you
change the focus into Type la
supernova? In other words,
what was the main reason

that motivated you to form the
High-Redshift Team?

Schmidt: When | finished my
Ph.D. thesis, I'd measured the

Hubble constant to a level
where the systematic error
in the method was about
the same as the statistical
error. | felt I had got my
answer and there wasn't
much else to do with that
method. | was looking to do
other things. | was looking
at how the explosions of
Type Il supernovae occur

by measuring what their
nucleosynthetic output was,
relative to their mass, and to
their explosion energy.

In 1994, Mario Hamuy
visited us and showed us
the work that they had done
in Chile, which essentially
said you could use Type
la supernovae to make
measurements that were
roughly two to three times
better than the supernovae |
had used. At the same time,
Saul Perlmutter called us up
and said we have an object
to look at, which we took a
spectrum of with the MMT-|
was actually at Harvard; it was
Bob Kirshner, Pete Challis, and
Adam Riess. When they said,
“We think it's a High-Redshift
supernova,” | went and
analyzed it. | got the same
answer.

Eventually, we found out
from Saul Perlmutter that
that was one of seven objects
they had discovered. They
had been looking for them
since 1988 and suddenly
they found seven of them.
That was a real eye opener

Melina Bersten is a postdoctoral
fellow at the Kavli IPMU. She is an
astronomer studying supernovae
computationally and theoretically.
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to me that you could discover
them and we knew how to
use them. | literally, when

| found those things out,
dropped everything that | was
doing and said, “There is an
opportunity to go and measure
0o, the deceleration parameter,
right now.” To me, that was
just the big thing to do and it
was the most exciting thing

I could think of doing. It was
measuring what's the ultimate
fate of the universe. | dropped
everything | was doing to go
measure that.

Bersten: At that moment you
were quite young. Was that a
problem for being a leader of
the program?

As a Young Leader,
Organized the High-Redshift
Team like Organizing a Party
Schmidt: | was the leader
of the team but notin a
traditional sense. | wasn't a
general telling everyone what
to do. | was the consensus
leader of a bunch of people
working together as friends.
| had to organize people, but
it was like organizing a party.
You'd just tell people to show
up, and they do. They do that
because that's just the way
things work. It wasn't like |
was a general.

Was there a problem being
277 There were some issues.
| didn’t have the ability to
go out and write a grant
that could pay for all of our
activities. Every group got
its own bit of money and
showed up and worked
together that way. That
inability to have a bunch of
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computer hardware that we
could all use together was a
problem. We got around it by
working really, really hard. But
that was part of the difficulty
of having someone young
like myself going and running
things. The good part is that
this was the one thing | was
working on. And not just me,
Adam Riess, Peter Garnavich,
you know, we were young
and we worked on this one
thing. We worked on it night
and day and that was the only
thing we worked on. That
was one of the reasons we
were able to make progress—
that we were not distracted
by other things.

Bersten: Could you tell me a
little about the methodology
and how many telescopes you
used—and also, identify which
was the most difficult task
during the program?
Schmidt: In 1994 when we
started, we had these new
CCDs, and | was down in
Chile talking to Nick Suntzeff,
who was one of the leads

of the Calan/Tololo Survey
that had figured out how to
use Type la supernovae. We
discussed using the CTIO
4-meter. CTIO 4-meter had

a new 2k x 2k CCD, so, 4
million pixels. | knew that the
weather at Cerro Tololo was
pretty much cloud free from
November through March.
One of the problems that you
have when you go out and try
to find supernovae is that you
need two images. You need

a before image and an after
image. If it'’s cloudy one of
those days, then you're dead.

The second day is useless. If
it's cloudy at the second day,
then the first day image just
sits there.

We needed to have a
place that was guaranteed
to give us two clear nights.
Chile, the Atacama Desert,
was really the only place that
gives that good of weather,
guaranteed. Plus that new
detector meant we could do
it. And, of course, the team at
Cerro Tololo means we knew
the instrument and telescope
very well. So that's where
we decided to work. Saul’s
team had not yet realized
the possibilities at Cerro
Tololo at that point. So we
applied, and after we made
our first discovery (SN 1995K),
they realized the natural
advantages of working at

CTIO, and presumably thought,

“Geez, that's a good place to
work. We should do that too.”
The challenge of actually

discovering supernovae

was hard. The software |

had written wasn't very
good. It worked, but | had
written it in Australia and

got it working in Australia.
When it was shipped to the
computers in Chile, many

of the libraries didn’t work.
They had different operating
systems. Everything broke.

[t was a nightmare. Every
time | would show up there,
things would break differently
because the computer system
had changed. I think in the
end that was the hardest
part. Then, I'd go to Hawaii
and the same thing. Things
would break again. The effort
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that we would go through

to discover these supernovae
because we didn’t have a
home base we could ship
them to—and just have stable
software—that was a real, real
nightmare.

The other problem in 1995
was that we didn’t have
access to the Keck 10 meter
telescopes. Now in 1995,
Bruno Leibundgut and Jason
Spyromilio with the ESO
NTT, in very good conditions,
managed to get a spectrum
of our supernova at a redshift
of 0.48. They spent almost all
night and it took them about
a month to reduce the data
and actually see that it was
a Type la supernova. But that
was an all-night affair in very
good conditions—in reality the
4-meter telescopes were too
small to get spectra of these
high-redshift supernovae on a
consistent basis.

In the meantime, Keck
had come online and Saul
Perlmutter’s group had access
to Keck and they completely
killed us in 1995. They found
all these objects at the end
of 1995, and they were able
to get spectra of all of them.
We had a bunch of objects,
but we couldn’t get spectra
of them. We ended up with
two lousy spectra—where
they ended up with like 11.
| was very worried, “Oh my
God, without Keck, we're
dead.” Alex Filippenko had
asked to join our team early
in 1995. Because the teams
were competitive and he was
at Berkeley | said, “No, you
need to continue to work at



Berkeley—I wouldn't want to
poach you.” At the end of
1995, he called me up again
and said, ‘I really want to
work with your team—I am a
supernova physicist like you
guys.” At that point | said,
“Okay,” because without
Keck, we weren’t going to be
able to compete with Saul,
and Alex had a lot to offer
to our team in terms of his
knowledge of supernova and
their spectra.

Bersten: Did you need to be
in Berkeley to have access to
Keck?

Schmidt: Berkeley and Caltech
had access to Keck, and all of
the University of California
schools. The only person
who studied supernovae in
the whole system was Alex
Filippenko and, of course,
Saul's group. For us, he was
of the same culture that we
were, and the fact that he
came back and said, “I still
want to come and join your
team,” saved us. Without Alex
and his ability to get spectra,
we weren't going to survive
because we just couldn’t
compete.

Bersten: Which was your
reaction when you found the
acceleration of the universe?
Did you immediately
understand the implications
of these results or---?

The Data Showed
Accelerating Universe in
1997; Convinced in 2000
Schmidt: Yeah. We had
known that the cosmological
constant gave you
acceleration. That was

the primary thing that the
cosmological constant did.
That was taught to me in
school. It was taught to me
as, “Look at these people
who messed up, look at
these people who messed
up, look at these people
who messed up, they all
had bad observations, and
they thought it was the
cosmological constant.”

| didn’t really worry too
much about it. It was sort
of an ongoing joke within
cosmology.

At the end of the 1997
when Adam sent me a figure
that had the data clearly
showing a cosmological
constant, | just assumed that
we had made a mistake. |
didn’t say, “Oh, a cosmological
constant!” | said, “Ah, what
have we done wrong?” We
went through that bit-by-bit
and it suddenly started sinking
in, “No, this isn’t going to go
away.” In the end when we
had gone through everything
several times, it didn't go
away. Then, | was resigned to
the fact, and | said, “Okay,”
then | got excited. We're
going to have to tell the world
about this. I was like, “No one
is going to believe us.”

At the same time, Saul
Perlmutter’s group had
published a paper in 1997
saying the universe was
decelerating. We were getting
a crazy answer. He was
getting something sensible. |
didn't know what to make of
it. Then suddenly, we realized
Saul was getting more or less
the same answer as us. He

didn’t know we were getting
the same answer as him, but
we knew he was getting
because he showed it at some
talk in preliminary form-his
data had changed effectively.
| have to admit, still being
unsure, | knew what our data
said, but | kept on thinking
there must be something
we're missing. There must

be something no one has
thought of; not just us, but
the whole field that we've left
out.

Bersten: When did you
change your feeling that
something could have been
wrong?

Schmidt: That feeling really
didn’t go away until 2000. |
mean after 6 months, | said,
“Okay, maybe we're right.
We haven't done anything
really stupid.” Then in 2000,
when the cosmic microwave
background came out and
showed that the universe was
flat, definitively flat. When

I saw that, | realized that it
made it almost impossible
for our observations to

show anything other than
acceleration. It pushed things,
so the only sensible solution
was that the universe was
accelerating. At that point |
said, “I'l be damned, we're
right.” That was in May of
2000 when BOOMERANG
and MAXIMA came out

and showed the first peak

of the cosmic microwave
background definitively.
That's when | said, “Wow,
we're right!” Before that | just
wasn’t sure.

Bersten: Did you expect the

Nobel Prize?

Schmidt: No, one does not
expect a Nobel Prize. To

my mind, | was genuinely
surprised because when
you make a discovery of
acceleration—well, what
causes the acceleration?
Well, we give it a name—
dark energy—but we

don’t understand it yet.

I would not be surprised

if we don’t understand it
during my lifetime. Without
understanding it, | felt it
wouldn’t be worthy of a
Nobel Prize. The fact that it
was given pretty timely—you
know, | was only 44 last year—
was a bit of surprise. Put it
this way, | wasn’t waiting up
for the call.

Bersten: How did you know
that you obtained the Nobel
Prize?

Received a Call from
Stockholm While Cooking
Dinner

Schmidt: They make the
announcement at 11:45 am
in Stockholm. I didn’t used to
know this, but | know it now.
That is 8:45 pm in Australia.
My son had been out at an
athletic event and we had
gotten home. My wife and |
were cooking dinner. | was
making a green Thai curry
with my wife. | was stir-frying.
The phone rang. | answered
it and | had a Swedish accent
saying, “Is this Schmidt?”

Now earlier in the day, | had

my graduate student giving
me his wedding invitation.
His wedding was on the
10th of December. He said
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to me, “When they call you
tonight, just tell them you're
busy.” I looked at him and |
had no idea what he meant.
| said, “What do you mean?”
He said, “When the guys in
Sweden call you tonight, tell
them you're busy,” because
his wedding turned out to
be on the day that the Nobel
Prize ceremony. Now, | have
to admit I still was a little
confused, but he explained it
to me. When | got home and
I got this call from a Swedish
woman, | have to admit my
first thought was, this is a
practical joke by my graduate
student who had set me up
earlier in the day.

I said, “Yes, this is Brian
Schmidt,” and then she said,
“Are you sure this is Schmidt?
This is a very important phone
call from Sweden.” That was
a kind of funny thing to say. |
responded, “I am sure that it
is,” thinking this is a practical
joke. Then she put on another
person, a much older Swedish
gentleman, and then | was
like “Geez, | can't believe, my
graduate student could have
got two people from Sweden
to do a practical joke.” Then
they told me and it became
very apparent that it wasn't a
practical joke. | have to admit
| felt it's very much like when
my first son was born. It was
very exciting, but | felt sick
in my stomach, too much
excitement.

Bersten: | can imagine it was!
In what sense does obtaining
the Nobel Prize change your
scientific career?

Schmidt: Well, the Nobel Prize
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changes your opportunities,
but does not necessarily
increase your scientific
opportunities. It actually
hurts science because the
fundamental thing that you
need to make progress in
science is time. That is the
thing that young people have
in the field, the time to focus
and to answer questions.
What the Nobel Prize gives
you is the increase in scope of
who will listen to your ideas.
It gives you the opportunity
to make representations

to government about why
science is important, why
education is important, about
the big directions that science
is going in the country.

That doesn’t help me
make my little telescope
(SkyMapper) run better, it
turns out. But it does give
me the opportunity, | think, to
improve the way we approach
science at the national level. A
lot of my time has been spent
doing things like that over the
last year, meeting with people
and government, explaining
how they need to look at the
education system, how we
teach physics in high school,
how we fund universities,
how we fund research,
why funding of research is
important.

The other thing with the
Nobel Prize is—in some way
that doesn’t really make sense
to me, but | felt myself—quite
inspirational to people. | met
a few Nobel Prize winners
when | was young and | was
genuinely inspired by them.
| don’t know why. | just was.

Now that | am one of those
people, | could see that being
the Nobel Prize winner inspires
people. It's like they were
part of the discovery. It feels
kind of weird to me. | feel like
I am living in someone else’s
body. But, it's important. That
inspiration is really important.
I do feel I have a role of
doing what Hans Bethe and
Dudley Herschbach, and the
people | met when | was
young did for me, because it
was an important part of my
upbringing, meeting those
people and being inspired by
them.

Bersten: | hope you inspire
me also.

Schmidt: Well, we'll see.
Bersten: | know that you
didn’t have much time to
know the Kavli IPMU. But,
what was your impression
about this institute?

Diversity of Kavli IPMU Is
Helpful to Work on the
Question of Accelerating
Universe

Schmidt: Well for me, it's
great to see such a diverse
group of people here. One
of the features of coming

to Japan, which I've been

to many times, has been
everyone has been Japanese,
except for who is visiting on
the day. When you come to
the Kavli IPMU, it is incredibly
diverse. People from all over
the world, very clearly. It's a
lovely building, very new and
sleek, and seems to have very
good facilities. There’s lots

of discussion at coffee. Not
everyone holed up in their
office like | used to see a lot. |
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think it has a real vibrancy. It's
surprisingly western for better
and for worse. But, it’s still
Japanese. It's not so western
as not to be Japanese.
Bersten: Yeah, we have tea—|
mean green tea (laughs).
Schmidt: Yeah. | thought it
was further out from Tokyo.
It's actually much easier to
get here than | expected. Of
course, the autumn colors are
beautiful. It's a great time to
be here.

Bersten: | agree with that.
Here in the institute, we have
different fields together,
people from string theory,
people from mathematics and
astrophysics. Do you think that
this type of interaction can
help to find a great discovery
and so on, for example in

the case of acceleration of
the universe? Have you got
some interaction with people
in other fields that help

to deeper understand the
phenomenon?

Schmidt: The accelerating
universe is a special case
because it’s very clearly a
question that goes across
astronomy and fundamental
physics. As an astronomer,

| know what the universe is
doing. I know how to measure
it. But, the real fundamental
string theory or quantum field
theories and gravity theories
may link into it. Being able to
solve a problem, like what is
causing cosmic acceleration,
really requires theory—which is
more non-astronomy theory,
but more particle physics
theory—combined with the
knowledge the astronomers



have. | think being able to
work together on questions
like that is very helpful.

There are some problems
which are mainly astronomy.
There are some problems
which are mainly particle
physics. But, there are
technigues that have been
developed in the different
fields that are useful. There are
techniques of how you build
instruments that astronomers
have done, that are useful
within particle physics and vice
versa. There are data reduction
techniques that are useful.
There are statistical techniques
the mathematicians typically
will know. As we're asking
bigger and bigger problems,
you really need to look
at them from a broader
perspective. | think having that
expertise around is very helpful
for everyone because you
get insights of how to solve
problems that are beyond your
field, and that’s where you're
liable to have a revolution in
understanding, when you take
a new idea and bring it in.
That’s the advantage of having
people in related fields, but
not the same, all collocated.
Bersten: | agree. | would like
now to ask something related
to your current work. In which
project are you working now
and which is the fundamental
question that you want to
answer?

SkyMapper Project for
Precise Photometric Survey
of the Southern Sky
Schmidt: As an astronomer, |

am always looking at places

where | can do something
that | think is unique. In 2002,
| started a project to map
the southern sky in a way
analogous to what the Sloan
Digital Sky Survey did in the
northern hemisphere. But my
observatory burned down
destroying the telescope
and the instrument that was
going to do this survey. Since
2003, | have been leading
a project to rebuild a new
telescope, a mapping facility
called SkyMapper. SkyMapper
is about a very precise
photometric survey of the
southern sky.

It is able to do supernovae
and map them out in
the nearby universe very
accurately in a way that no
one else is really doing. But, it
also allows us to do galactic
physics, that is how the galaxy
formed, being able to pick
out the most chemically poor
stars in our galaxy that were
formed right after the Big
Bang, piece together how
the supernovae enriched our
galaxy and how our galaxy
formed. That is a project
which | am spending most of
my time working on. It will
take almost a petabyte of
data. That's a lot of data.
Bersten: You say that you
are not only focusing on
supernovae, but on galaxies,
which is the main goal of the
project that you mostly work?
Schmidt: The project probably
has several goals. The main
goal of the Sloan Digital
Sky Survey was to measure
the large-scale structure of
the universe, but much of

the expected science was
actually done in Australia
by the 2dF Redshift Survey
before they got to it. But on
the other hand, the Sloan
Digital Sky Survey had even
a bigger impact than they
expected, because it made
a huge impact in areas they
did not expect. That was
because it allowed them
to do everything. They did
large scale structure, they
did asteroids, they did stars,
they did galaxies. They even
eventually did supernovae.
And they did these things very
well, indeed.

The thing that really
interests me on SkyMapper
is both the metal-poor stars
tracing out the birth of our
Milky Way, but, then there is
also all this supernova stuff
we can do. We're going to
be able to discover several
hundred supernovae a year
and get really the most
comprehensive set of data
for a set of objects ever.
Get spectra of all of them—
every single one. That will
be a wealth to understand
supernova physics, and that
is very close to my heart. But,
I really think being able to go
through and find every metal-
poor star in the Milky Way so
that we can figure out how
the Milky Way formed and
how supernovae, which make
the heavy elements, enriched
the universe right at the
beginning. Well, that’s really
exciting to me too. That's one
of the goals of that program.

And it really is meant to do
lots of other things. It's meant

to find stars that are thrown
out when they get to close to
the supermassive black hole
in the Milky Way. SkyMapper
can go out and find those
things systematically
because there're stars out
that shouldn’t be there and
SkyMapper has the ability
to measure the radius of the
star, its temperature, and its
chemical composition. The
radius and the temperature
tell you how bright it is,
therefore how far away it is.
We can go out and we can
literally pick out and say, “That
star is chemically rich out at a
very large distance. Why is it
there? It shouldn’t be there.”
Then when you look at those
things, those things inevitably
are the stars that were thrown
out by the black hole in the
Milky Way'’s center. By getting
a bunch of those things, we
can measure, for example,
how much they slow down on
the way out because they've
been thrown directly out from
the center.

It also gives us an idea—
is the Milky Way black hole
binary or is it just one?
Because if it's a binary--
Bersten: The central black
hole?
Schmidt: Yeah, the central
super-massive black hole, it
could be a binary. This is a good
way to check it, because if it
is a binary, the stars won't all
be thrown out in all directions
equally. They'll be thrown out in
a plane. I think those are really
cool things to do.
Bersten: Do you think that
obtaining a Noble Prize in the
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supernova field gives an extra
motivation for new projects
in supernova? In that sense,
also, I would like to know
your opinion related with the
possibility to continue the
use of Type la supernova for
obtaining better precision.
Schmidt: Yeah. | think the
supernova field has grown
tremendously during my
lifetime. When [ finished my
Ph.D. in 1993, | was literally
the person in the world
who finished their Ph.D. in
supernovae of that year
because there were only
a handful of us. I mean |
know everyone from that
era, everyone, because there
was only a few people
doing it. Since the discovery
of acceleration, there are
many, many people studying
supernovae. | don't know
everyone anymore. | don’t
know all the work that’s being
done. It's so much, it's hard to
keep track of.

| think the Nobel Prize
itself probably won't change
that. I think that had already
occurred before the Nobel
Prize. | do think that with
Type la supernovae there are
some interesting things they
can still do. | think using them
to do more work at high
redshift is pretty tough now.
The measurements have really
been very well done out there
and we are limited now by
systematic uncertainties. But
in the nearby universe, there
is a sweet spot where we just
don’t have very many objects.
The objects we have observed
have not been observed as

24

carefully and as uniformly as a
high redshift. | do think there’s
still an opportunity which |
want to use SkyMapper to
measure the expansion in the
universe very accurately in the
nearby universe so we can

tie it in to the distant objects
better. | think we can probably
improve our constraints by
about a factor of 2 by doing
that well.

Bersten: By nearby, what do
you mean?

Schmidt: Nearby, | mean out
to a redshift of 0.1; beyond a
redshift of 0.03, closer to the
redshift of 0.1. I also think

the other thing supernovae
provide an opportunity to

do is to measure how gravity
behaves on large scales. One
of the things where dark
energy could potentially be
lurking is that it isn’t dark
energy at all. If it’s really
Einstein’s theory of general
relativity being a little different
than we expect out at large
distances, that is something
we can potentially test

using supernovae. Because
they measure very precise
distances, it means that by
comparing the expansion rate
with the distance, we can
measure a velocity that's been
induced by gravity.

With hundreds of these
objects, we can actually
measure the average motion
of every part of space using
the supernovae as test
particles. That gives us a way
to measure how gravity is
behaving at the scales of
hundreds of megaparsecs.
Supernovae are really the

only good way to do this
right now. That is a way of
testing general relativity in a
regime where it hasn't been
tested before. | think that's
another interesting thing that
we're going to try to do with
SkyMapper.

Bersten: Can you identify a
problem in the supernova
field that, if solved, may

lead to a revolution like the
accelerating universe?

Scientific Revolutions Come
from Not Knowing
Schmidt: | think that
revolutions usually come as

a surprise. You can’t easily
predict revolutions. If you
could there wouldn't be any,
it wouldn't be a revolution.
There are some fundamental
things. Today, we still don't
understand what makes the
Type la supernova. What
causes the Type la supernova
to explode? Now, do | think
that's going to revolutionize
dark energy? No. But, we have
been working for 20 years
now to try to figure that out
and it’s still a mystery. Is it one
large star donating material
to a white dwarf and then it
reaches the Chandrasekhar
mass and explodes? Is it two
white dwarfs coming together
to exceed the Chandrasekhar
mass and exploding? Is it a
star that donates material in
the form of helium and the
helium detonates and causes
the thing to explode before
it reaches the Chandrasekhar
mass? Is rotation important
and does the thing actually
quit growing and blow up
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a billion years later after the
thing slows down a bit?
Those are all active scenarios
and | can't tell you which one
is right.

I just find that amazing,
given how much effort has
been put into it. There doesn’t
appear to be an answer that
really works. | think that's
a real big question. Is it a
revolution? No. Revolutions
come from surprises. What
we do is we keep on doing
the best job we can and then
the surprise will come from
someplace where we least
expect it. That's the beautiful
thing of basic research and
why it’s so important. The
revolution comes from not
knowing what the future is,
not predicting it.

People say, “Well, why don’t
governments just fund the
things that they know? Why
do we spend money on basic
research? Why don’t we just
fund how to make better X,
Y, or Z?" Well, the answer
is because if you always are
trying to do what you already
know, then you just make a
better X, Y, and Z. You don't
invent the Internet. You don't
invent Wi-Fi, which was done
by astronomers in Australia.
You don't have that revolution
that comes from basic
research. You need to have
both. The revolutions come
from not knowing.

Bersten: Thank you very
much. | wish | had more time
to ask you more questions!
Unfortunately we have to
finish now.

Schmidt: Okay. Thank you.



Kavli IPMU Celebrates Its 5th
Anniversary
The IPMU (now Kavli IPMU)

celebrated the fifth anniversary since
it was launched from scratch on the
University of Tokyo’s Kashiwa campus
on October 1, 2007. During these five
years, the IPMU has been attracting
topnotch researchers from all over the
world, producing a number of excellent
scientific achievements, and increasing
its international visibility. As a result,
the IPMU was given the highest grade
of “S” (superior) in the WPI Interim
Review, which was carried out in 2011.
Together with the completion of the
IPMU Research Building in December
2009, admission to membership in
the newly established TODIAS (Todai

Celebration lunch at the entrance hall of the Kavli
IPMU Research Building

Kavli IPMU staff decorating the entrance hall of the
Kavli IPMU Building at night on October 18

Kavli IPMU researchers photographed on October 19,2012

Institutes for Advanced Study) in
January 2011, and becoming the Kavli
IPMU by obtaining an endowment
from the Kavli Foundation, the IPMU
has achieved a great step forward.
On October 19, researchers and
staff of the Kavli IPMU gathered
and celebrated the 5th anniversary
at the institute’s Research Building.
After introductory talks on selected
research topics and self-introductions
by newly appointed researchers,
Director Murayama gave a speech in
which he expressed his hope as well
as encouragement for further research
prospects at the Kavli IPMU. A dinner
party was held afterwards.

University of Tokyo's First
International Shokumon Award
to Mr. Fred Kavli

The “Shokumon Award” was
instituted in 2002 to recognize and
thank individuals, corporations, or
organizations that made major
contributions to the growth of the
University programs through private

donations, volunteer work and support,

establishment of endowed chairs, or
research centers. “Shokumon” is the
name of the castle gate in the capital
of the ancient Chinese state Qi during
the civil war era (403-221 B.C.). Under
King Wei (356-320 B.C.) and King
Xuan (319-300 B.C)), the state treated
academics very well, which brought
the best minds to the capital Linzi of
Qi and led to a flourishing of academic
activities. The award is named after

this history.

The University of Tokyo presented
the 2012 Shokumon Award to the
Chairman of The Kavli Foundation,
Fred Kavli, and the CEO of Nissin
Foods Holdings Co., Ltd., Koki Ando.
Mr. Fred Kavli is the first international
recipient of the Shokumon Award. The
award ceremony was held on October
2 at Ito Hall on the University’s Hongo
campus. From The Kavli Foundation,
President Robert Conn attended the
ceremony on behalf of Fred Kavli.

The prize was awarded to Mr.

Kavli in recognition of the fact that
annual returns in perpetuity from

the endowment established by the
donation from the Kavli Foundation
will help sustain the Kavli IPMU as a
permanent research institute within
the University of Tokyo, and also that
this is a major contribution to the
University of Tokyo in striving toward
a new vision of the national university.

Junichi Hamada, President of the University of
Tokyo (left), and Robert Conn, President of The
Kavli Foundation, (right). Sitting at the far left:
Masako Egawa, Executive Vice President of the
University of Tokyo.

2012 Open House at UT Kashiwa
Campus

An annual open house on the
Kashiwa Campus of the University of

News
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Tokyo was held on October 26 and 27,
2012. During the two days, more than
1,700 people visited the Kavli IPMU
Building, where various programs were
presented, including Guided Building
Tours that had proved quite popular

in the last year, a Digital Space Theater
presented by graduate students
utilizing a 4-Dimensional Digital
Universe viewer “Mitaka” released by
the National Astronomical Observatory
of Japan, a 3-D movie “Story of the
Origins of the Universe” (produced by
Sony ExploraScience, supervised by the
Kavli IPMU), astronomy quiz sections,
and experiencing the Miura-Ori (the
Miura map fold, special technique

for folding used on some solar

panel arrays; quoted from Weblio).

In particular, a lecture by Kavli IPMU
Principal Investigator Hirosi Ooguri,
who spoke on “What is Gravity?,”
attracted a capacity audience, both

in the Kavli IPMU lecture hall where
the lecture was delivered and in a
seminar room where it was seen
through live streaming video. Also,
Kavli IPMU Director Hitoshi Murayama
gave a lecture entitled “Higgs: Tightly
Packed Mysterious Particles Filling

the Universe” in the campus-wide
Special Public Lectures held at the FS
Hall. This lecture was also seen at the
Kavli IPMU lecture hall through live
streaming video. There were large
audiences at both places, and a Q&A
was conducted connecting both
places. During the two days, more
than 7,000 people visited the Kashiwa
campus in total.

Professor Hirosi Ooguri giving a lecture
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Hirosi Ooguri Chosen for Fellow of
the American Mathematical Society

Hirosi Ooguri, Kavli Professor at
the California Institute of Technology
(Caltech) and Principal Investigator at
the Kavli IPMU, was selected to join
the inaugural group of Fellows of
the American Mathematical Society
(AMS). The list of the Fellows was
made public on the AMS website
on November 1, 2012. Professor
Ooguri is a theoretical physicist in
particle physics. He is working on the
development of theoretical tools for
applying superstring theory, which
attempts to reconcile general relativity
and quantum mechanics to questions
relevant to high-energy physics,
astrophysics, and cosmology. He holds
a professorship in both the Physics
Department and the Mathematics
Department of Caltech. He is working
in the area of the interface of physics
and mathematics, and his contribution
is highly evaluated worldwide, which
led to the inaugural Eisenbud Prize
from the AMS. In recognition of these
achievements, he was selected as an
inaugural Fellow of the AMS.

The first group of Fellows of the
AMS, including Professor Ooguri, will
be officially inducted at the upcoming
Joint Mathematics Meetings of AMS
and MAA (Mathematical Association of
America) in San Diego in January, 2013.

Kunio Inoue Wins Nishina Memorial
Prize

On November 9,
2012, the Nishina
Memorial Foundation
announced that Kunio
Inoue, Professor at the
Research Center for
Neutrino Science,
Tohoku University and Principal
Investigator at the Kavli IPMU, is
a recipient of the 2012 Nishina

Professor Kunio Inoue
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Memorial Prize for his “Observation of
geologically produced antineutrinos.”
His achievement of the first
observation of terrestrial anti-neutrinos
(geoneutrinos) in the KamLAND
experiment, which has established

the foundation of development

of neutrino geophysics, has been
recognized. The award ceremony was
held on December 6, 2012.

7th Joint Kavli IPMU-ICRR Public
Lecture “Approaching the
Mystery of the Universe”

On November 10, 2012, the 7th
Kavli IPMU-ICRR (Institute for Cosmic
Ray Research) joint public lecture
entitled, “Approaching the Mystery of
the Universe,” was held at the Koshiba
Hall on the University of Tokyo's
Hongo campus, with an audience of
about 150 people. This public lecture
was also regarded as an event in
cooperation with Japan National
Universities FESTA 2012. Masato
Shiozawa, an ICRR Associate Professor
as well as a Kavli IPMU Scientist, spoke
on, “Probing the World of Elementary
Particles and the Universe with the
Neutrinos,” and Naoshi Sugiyama, a
Professor at Nagoya University and
Principal Investigator at the Kavli
IPMU, spoke on, “Darkness Dominates
the Universe.” The audience listened
enthusiastically to the exciting lectures,
both experimental and theoretical.
After the lectures, a discussion was
held over the scheduled time limit
to facilitate dialogue between the
lecturers and the attendees.

Professor Naoshi Sugiyama giving a lecture



Special Public Lecture by 2011 Nobel
Laureate Brian Schmidt

On November 19, 2012, three
research centers of the University of
Tokyo, the Kavli IPMU, the Research
Center for the Early Universe, and the
Institute of Astronomy jointly hosted a
special public lecture, “The Accelerating
Universe,” delivered by Brian Schmidt,
2011 Nobel Laureate in Physics, at the
Yasuda auditorium on the University of
Tokyo's Hongo campus.

Though the lecture was given late
in the afternoon on a Monday, the
Nobel Laureate’s lecture attracted
an audience of 650, including many
high school and university students,
who joined after school hours. The
audience enjoyed Professor Schmidt’s
lecture, which was given in English,
with simultaneous interpretation
provided in Japanese.

You can also find an interview with
Professor Schmidt on pages 18 — 24 in
this issue of Kavli IPMU News.

Workshop: Supernovae, Dark Energy
and Cosmology

On November 20 and 21,2012, a
workshop, “Supernovae, Dark Energy,
and Cosmology” was held at the
Kavli IPMU lecture hall. This workshop
was organized with Nobel Laureate
in Physics Brian Schmidt as a guest.
His talk was very well attended by
researchers from the related fields as
well as those from other fields.

During his stay at the Kavli IPMU,
Professor Schmidt also joined tea time
and communicated with a great many
researchers.

Figure

Professor Schmidt is standing leftmost in the front row.

Six WPI Research Center Joint
Symposium for High School
Students Was Held in Tsukuba

On November 24, 2012, a Joint
Symposium of the six WPI research
centers entitled, “WPI High School
Outreach Program: Inspiring Insights
into Pioneering Scientific Research,”
was held at the International Congress
Center Tsukuba Epochal, hosted by
the National Institute for Materials
Science’s MANA (International Center
for Materials Nanoarchitectonics), and
co-hosted by other 5 WPI centers.
From the Kavli IPMU, Assistant
Professor Kevin Bundy spoke on, “How
Galaxies Are Formed?” in English
with simultaneous interpretation in
Japanese. He explained the mysteries
of the galaxies and the universe, and
also introduced his own research.

The audience of about 600
comprised mostly high-school
students invited from Ibaraki and
Chiba Prefectures, with some other
participants as well. As the lecturers
represented the wide research activities
of the six WPI centers, the audience
listened enthusiastically to their talks.

As with the first Six WPI Research
Center Joint Symposium that was
held in Fukuoka last year, each WPI
center made poster presentations
as well as other demonstrations
outside of the lecture hall. After the
symposium program was over, all
the lecturers were present at the
poster presentation space, and they
communicated with the attendees.
Kevin Bundy was surrounded by a
number of high school students.

Kevin Bundy speaking with a high school student

They not only asked questions on his
lecture, but also asked for advice on
overseas research opportunities.

A New Constraint on Quantum
Gravity Theories from Distant
Gamma-Ray Burst Observations

Kenji Toma (Osaka University, JSPS
Superlative Postdoc) Shinji Mukohyama
(Kavli IPMU, Associate Professor),
Daisuke Yonetoku (Kanazawa
University, Associate Professor), and
their colleagues have measured
linear polarization in the gamma-ray
emissions of distant gamma-ray bursts
(GRBs) at the most precise levels to
date, using the “GAP (GAmma-ray
burst Polarimeter)” on board JAXA's
small solar power sail demonstrator
“IKARQOS” spacecraft, and they found
that the polarization did not rotate
during its journey, as long as several
billion light years.

Some quantum gravity theories
such as superstring theory predict
that structures of space-time at
extremely short distances may be
totally different from what we think
we know, and they predict a possible
violation of CPT, which is one of
the most fundamental symmetries.
Previous measurements indicated that
nature obeys CPT at least to a level of
one part in 10 million. The new result
leads to the most stringent constraint
on CPT violation, a level of one part in
10", i.e., an improvement of 8 orders
of magnitude over the previous limits.
This result implies that a fundamental
symmetry CPT is not violated at
extremely small distances which
guantum gravity theories deal with. It is
expected that quantum gravity theories
will be developed in line with this result.

This work was published in the
Physical Review Letters on December
13, 2012, and highlighted in its online
version.
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Santa Claus is Coming to Dongri
from the Kavli IPMU

This year again, on December 21,
2012, Kavli IPMU Professor Mark
Vagins visited Donguri Nursery School
on the Kashiwa campus, dressed up as
Santa Claus. Professor Vagins had kept
his beard growing for some time for
this event. The children were delighted,
just as if the real Santa Claus visited
them.

Figure

Professor Vagins visited Donguri, dressed up as Santa
Claus.

Kavli IPMU Seminars

1. "Tracing the effects of gas flows
in interacting galaxy pairs"
Speaker: Jillian Scudder (Univ. of
Victoria)

Date: Oct 02, 2012

2. "Three-dimensional Seiberg duality
and generalizations of the Verlinde
algebra"

Speaker: Anton Kapustin (Caltech)
Date: Oct 02, 2012

3. "lsocurvatons during inflation: the
heavy, the quasi- and the light"
Speaker: Yi Wang (Kavli IPMU)
Date: Oct 02, 2012

4. "Hochschild classes and microlocal
Euler classes of sheaves and
D-modules (joint work with Masaki
Kashiwara)"

Speaker: Pierre Schapira (Université
Pierre et Marie Curie)
Date: Oct 03, 2012

5. "A Stringy Mechanism for a Small
Cosmological Constant"

Speaker: Henry Tye (Cornell)
Date: Oct 03, 2012
6. "Neutrinos: Kage-Musha in nature
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10.

.

12.

13.

14.

15.

16.

which however have a key to
understand her fundamental
structure”

Speaker: Hisakazu Minakata (Tokyo
Metropolitan Univ.)

Date: Oct 03, 2012

“The Wasteland of Random
Supergravities"

Speaker: Liam McAllister (Cornell)
Date: Oct 09, 2012

"4D Wilson Loops, 2D Flux Tubes
and Integrability"

Speaker: Pedro Vieira (Perimeter
Institute)

Date: Oct 09, 2012

"Developments in massive gravity"
Speaker: Kurt Hinterbichler
(Perimeter Institute)

Date: Oct 09, 2012

"S2 partition functions: Coulomb
vs Higgs localization and vortices
in two-dimensional N=(2,2)"
Speaker: Francesco Benini (Stony
Brook)

Date: Oct 10, 2012

"LHC Phenomenology of Type |l
Seesaw"

Speaker: Eung Jin Chun (KIAS)
Date: Oct 10, 2012

"New Perspectives on SCFTs"
Speaker: Masahito Yamazaki
(Princeton)

Date: Oct 10, 2012

"Twisted Gromov-Witten invariants”
Speaker: Valentin Tonita (Kavli IPMU)
Date: Oct 11, 2012

"The pseudo-conformal universe"
Speaker: Kurt Hinterbichler
(Perimeter Institute)

Date: Oct 16, 2012

"Galileons and their
Generalizations"

Speaker: Mark Trodden (Univ. Penn)
Date: Oct 17, 2012

"Exact results in supersymmetric
conformal field theories"

Speaker: Daniel Jafferis (Harvard)
Date: Oct 23, 2012
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20.

21.

22.

23.

24.

25.

26.

. "Effective couplings of the Higgs

boson in the light of recent LHC
and Tevatron data"

Speaker: Satyanarayan
Mukhopadhyay (Kavli IPMU)
Date: Oct 24, 2012

. "Involutive bi-Lie infinity structure

and Floer homology of arbitrary
genus"”

Speaker: Kenji Fukaya (Kyoto Univ.)
Date: Oct 24, 2012

. "What turns galaxies off? —

Revealing the links between galaxy
color, structure and dark matter
halo properties"

Speaker: David Wake (Yale)

Date: Oct 24, 2012

"Applications of Cardy relation to
symplectic geometry"

Speaker: Kenji Fukaya (Kyoto Univ.)
Date: Oct 25, 2012

"Simulations of Type la Supernova
Explosions”

Speaker: Ruediger Pakmor (HITS)
Date: Oct 25, 2012

"When and how much can
Lagrangian Floer theory determine
Gromov-Witten invariant?"”
Speaker: Kenji Fukaya (Kyoto Univ.)
Date: Oct 26, 2012

"Geometric models of matter"
Speaker: Bernd Schroers (Heriot-
Watt Univ.)

Date: Oct 26, 2012

"Revealing the origins and
environments of Mg Il absorbers
with the SDSS and 3D-HST"
Speaker: Britt Lundgren (Univ.
Wisconsin)

Date: Oct 29, 2012

"Conifold Transition in the Landau-
Ginzburg B-model"

Speaker: Daniel Pomerleano (Kavli
IPMU)

Date: Oct 29, 2012

"Two-Sphere Partition Functions
and Gromov-Witten Invariants"
Speaker: Mauricio Romo (Kavli



27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

IPMU)

Date: Oct 30, 2012

"A Higgs Boson Near 125

GeV Beyond the Minimal
Supersymmetric Standard Model"
Speaker: Steve F. King (Univ.
Southampton)

Date: Oct 30, 2012

"Flavour Symmetry Models after
Daya Bay and RENO"

Speaker: Steve F. King (Univ.
Southampton)

Date: Oct 31, 2012

"Mathematical theory of mutually
unbiased bases"

Speaker: Alexey Bondal (Kavli IPMU
/ Steklov)

Date: Oct 31, 2012

"Effects of Radiative Feedback on
Reionization and the Local Universe"
Speaker: Marcelo Alvarez (CITA)
Date: Nov 01, 2012

"Construction of (quasi-)phantom
categories on some surfaces of
general type"

Speaker: Pawel Sosna (Hamburg)
Date: Nov 05, 2012

"A problem of Jacques Tits and
Chevalley groups over F1"

Speaker: Oliver Lorscheid (IMPA)
Date: Nov 06, 2012

"A story of de- and re-coupling:
supersymmetry breaking in string
models"

Speaker: Lukas Witkowski (Oxford)
Date: Nov 07, 2012

"Detectable signature of first stars
in 21-cm"

Speaker: Anastasia Fialkov (Tel Aviv)
Date: Nov 08, 2012

“Mirror Symmetry of Catalan
Numbers and Quantum Curves"
Speaker: Motohico Mulase (UC
Davis)

Date: Nov 08, 2012

"The Wide-field Infrared Survey
Explorer: Implementation and Solar
System Science"

37.

38.

39.

40.

41.

42.

43.

44.

45.

Speaker: Edward Wright (UCLA)
Date: Nov 12, 2012

"Higher Chow cycles on Abelian
surfaces"

Speaker: Ramesh Sreekantan
(Indian Statistical Institute)

Date: Nov 13, 2012

"Light dark matter: the motivation,
the theory, the ongoing search”
Speaker: Alex Kusenko (UCLA /
Kavli IPMU)

Date: Nov 14, 2012

"WISE Observations of Stars,
Galaxies and Star Formation, and
QSOs"

Speaker: Edward Wright (UCLA)
Date: Nov 16, 2012
"Understanding the shape of non-
Gaussianity"

Speaker: Andrei Frolov (Simon
Fraser)

Date: Nov 19, 2012

"War on Lambda: fighting the
cosmological constant problem”
Speaker: Antonio Padilla
(Nottingham)

Date: Nov 19, 2012

"part 1: Algebra, Geometry, and
Hydrogen Atom

part 2: Wall-Crossing and Quiver
Invariant"

Speaker: Piljin Yi (KIAS)

Date: Nov 20, 2012

"Supernovae, the Accelerating
Cosmos, and Dark Energy"
Speaker: Brian Schmidt (Australian
National Univ.)

Date: Nov 20, 2012

"Some Mutant Forms of Quantum
Mechanics"

Speaker: Tatsu Takeuchi (Virginia
Tech)

Date: Nov 21, 2012

"Quantum backreaction in string
theory"

Speaker: Oleg Evnin (Chulalongkorn
Univ.)

Date: Nov 21, 2012

46. "Experimental tests of R2-inflation
and its minimal extensions"
Speaker: Dmitry Gorbunov (INR
Moscow)

Date: Nov 22, 2012

47. "Quantum symmetry in
homological representations of
braid groups"

Speaker: Toshitake Kohno (U. Tokyo)
Date: Nov 22, 2012

48. "Ising Model D-Branes from String
Field Theory"

Speaker: Martin Schnabl (Institute
of Physics ASCR)
Date: Nov 26, 2012

Personnel Changes

Promotion
Keiichi Maeda,
previously Kavli IPMU
Assistant Professor,
was promoted to Kavli
IPMU Associate
Professor on December 16, 2012.

Moving Out

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

Kavli IPMU postdoctoral fellow
Scott Carnahan [September 1, 2010 —
November 15, 2012] moved to Division
of Mathematics, Graduate School
of Pure and Applied Sciences, the
University of Tsukuba as an Assistant
Professor.

Kavli IPMU postdoctoral fellow
Mircea Voineagu [August 1, 2010 —
December 31, 2012] moved to the
University of New South Wales in
Australia as a lecturer.

JSPS postdoctoral fellow Johannes
Schmude [October 4, 2010 — October
31, 2012] moved to Riken Nishina
Center for Accelerator-Based Science
as a Special Postdoctoral Researcher.
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Gromov-Witten Invariants

Todor Milanov

Kavli IPMU Assistant Professor

A Gromov-Witten invariant of a projective manifold X is the virtual count of stable
maps from a Riemann surface of a fixed genus g to X satisfying certain incidence
constraints. Namely, we select several points on the Riemann surface, several cycles
in X, and we require that the marked points are mapped to the cycles in such a way
that the surface is tangent to the cycles with a certain degree of tangency. When we
impose sufficiently many incidence constraints, the number of such maps becomes
finite. Selecting different constraints we obtain an infinite sequence of numbers
called the Gromov-Witten invariants of X. Probably the most mysterious conjecture
about them is that they satisfy a recursion relation which can be formulated in terms
of the representation theory of the Virasoro algebra. If in addition X has sufficiently
many rational curves; then the recursion becomes stronger and one of the greatest
achievements in that case is the discovery of new systems of differential equations
called integrable hierarchies. One of the main challenges is to understand the
significance of these integrable hierarchies in Mathematics. For example, there are
some indications that such integrable hierarchies appear naturally in the settings

of complex geometry as well as in the settings of representation theory of infinite
dimensional Lie algebras.
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