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Mark R. Vagins is Professor at the Kavli IPMU. He is an experimental physicist
working in the fields of neutrino astronomy and neutrino physics. He received
his Ph.D. from Yale University in 1994 and became a postdoctoral researcher at
the Louisiana State University. He moved to the University of California, Irvine, as
Assistant Research Physicist in 1997, and became Associate Research Physicist in
2001. Since 2008, he has been IPMU Professor.
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Director’s Corner

Force of Nature

We have watched the enormous force of Hurricane
Sandy, the largest Atlantic hurricane on record that
killed nearly two hundred people. Many from Kavli
IPMU were stranded on the way to Princeton for the
meeting of the SUMIRe/PFS project. My flight from
California to New York was cancelled, too. It was one
of those rare moments in the modern civilized world
to understand Mother Nature is far bigger than any of
us. My heartfelt condolences go to those who have
lost their loved ones, homes, or jobs.

This issue of Kavli IPMU News highlights the great
tradition of research in Japan: neutrino astronomy.

It was established by Masatoshi Koshiba, whose
work made the discovery of supernova neutrinos
and real-time detection of solar neutrinos possible.
He was awarded the 2002 Nobel Prize in Physics for
this pioneering work. Our Prof. Mark Vagins plans
to extend the reach in supernova neutrinos from
160,000 light years detected by Koshiba to billions
of light years. His idea to mix gadolinium into Super-
Kamiokande is now under vigorous feasibility tests
to demonstrate that it will not jeopardize its current
excellent performance.

Meanwhile, Hyper Superime-Cam, a new digital
camera on Subaru telescope with 900 million pixels
with more than three tons of weight and is the first
half of the SUMIRe project, is now ready to start a
major five-year campaign! It will observe hundreds
of millions of far-away galaxies, and produce an

unprecedented wide and deep map of dark matter

Director of Kavli IPMU
Hitoshi Murayama

distribution in the cosmos, telling us about its
evolution history driven by the competition between
dark matter and dark energy.

Another news is that | attended the ceremony of
2012 Kavli Prize awards in Oslo, Norway. | was very
much inspired by the accomplishments of awardees.
In the presence of King Harald V of Norway, | had to
do what | had never done in my life before: wear a
tux in its complete set! It was a memorable occasion,
complete with a productive business meeting with
other Kavli institute directors in astrophysics.

The WPI program committee meeting in late
October preoccupied my mind recently. Together
with other five WPI center directors, | presented
our progress since the last year and made a strong
pitch that they should make a decision on the five-
year extension as soon as possible. Meanwhile, I've
been meeting faculty members at Kavli IPMU one by
one to reassure them that it is not a sinking Titanic.
As the end of the current funding in March 2017

Lo Director”
nears, it is understandable that our members become TeC

Corner

antsy. | believe Kavli IPMU has become a true jewel
of the University of Tokyo and the national policy on
academia in Japan. | trust those in power that we will

have a bright future.

(Manuscript received 12 November 2012)
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Kavli IPMU Professor Mark R VagInS

Research Area:Experimental Physics

Kavli IPMU’s Neutrino Forecast: Mostly Sunny,
with a Good Chance of Supernovas

Why So Serious?

So, what'’s not to love about supernova neutrinos?
They carry unique information about one of the
most dramatic processes in the stellar life-cycle, a
process responsible for the production and dispersal
of all the heavy elements (i.e., just about everything
above helium) in the universe, and therefore a
process absolutely essential not only to the look and
feel of the universe as we know it, but also to life
itself.

As a gauge of the community’s level of interest
in these particular particles, it is worth noting that,
based upon the world sample of twenty or so
neutrinos detected from SN1987A (by Kamiokande,
IMB, and BAKSAN), there has on average been a

Figure 1. Regarding supernova
neutrinos, the waiting is

the hardest part... primarily
because of, well, death. No
one wants to be that guy

on the right. The other guy’s
probably not having such a
great time, either.

paper published once every ten days... for the last
twenty-five years! After a quarter of a century,
this handful of events remain the only recorded
neutrinos known to have originated from a more
distant source than our own Sun (by an easily-
remembered factor of 10').

It has now been over 408 years since a supernova
was last conclusively observed in our own galaxy.
That was SN1604, often known as “Kepler’s
supernova’. Of course, no neutrino observatories
were online that mid-October day in 1604, but it
was probably a type la explosion, anyway. That type
doesn’t make very many neutrinos.

Not surprisingly, the next nearby core collapse
supernova is eagerly awaited by experimentalists,
observers, and theorists alike. Unfortunately, over
the last 1800 years there have been just six such
explosions seen in our galaxy. So the big question is:
when will the next one happen? The most serious
problem is that none of us has an unlimited time
in which to wait, as | have quite helpfully (and
graphically) depicted in Figure 1.

Yes, it has certainly been a long, cold winter for
supernova neutrino watching. But | am here to tell
you, to testify, my weakly-interacting brothers and

sisters, that there is hope!
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The Good News

Now, anyone who knows me knows that | am
usually a pretty happy, optimistic guy, especially
when there is cake nearby (see Figure 2). Would | lie

to you about cake? Never!

But it is not only cake about which | am optimistic.

| also feel quite certain that we will soon have some
more supernova neutrinos to study. As a matter of
fact, | expect a never-ending stream of them. How
can this be? There have been just six core collapse
supernovas, i.e., the type which produce neutrinos,
seen in our galaxy in 1800 years, right? Well, first
of all, one should not underestimate the power of
six events. As luck would have it, there were exactly
six events in my Ph.D. thesis experiment on the
double Dalitz decay of the long-lived neutral kaon
[1]. There were also just six fiducial events in the
already famous “non-zero 6,5” paper from the T2K
experiment [2].

It should be remembered that those six supernova
events were just the ones which could be seen
with the naked eye for which records were made
and, critically, whose records survived to the
present day. Undoubtedly there were many, many
more explosions during this time period, all of
which would have been quite easily observed by a
functioning neutrino telescope, had one but been
available during, say, the Dark Ages.

Indeed, it is believed that the core collapse
supernova rate in the Milky Way galaxy is
somewhere between one and three per century.
Still not great, cheating death-wise, but considerably
better than one per three hundred years, which
would pretty much come up as a win in Death’s
column most of the time.

But you know what? Forget about all this waiting

Figure 2. A happy guy with cake at IPMU’s 1st anniversary party.
(Photo: Kai Martens)

around stuff! | have a better idea...

Having Your Cake and Eating It, Too

Supernovas in our galaxy may be relatively rare
on a human timescale, but supernovas themselves
are not rare at all. On average, somewhere in the
universe there is a supernova explosion once every
second. What's more, all of the neutrinos which
have ever been emitted by every supernova since
the onset of stellar formation suffuse the universe.
These comprise the so-called “diffuse supernova
neutrino background” [DSNB], also known as the
“relic supernova neutrinos.” They have not yet been
seen, but if they proved to be observable they could
provide a steady stream of information about not
only stellar collapse and nucleosynthesis but also on
the evolving size, speed, and nature of the universe
itself. And yet, in terms of the non-terrestrial
neutrino forecast, there is no doubt that “sunny” is
the key word. The flux of solar °B neutrinos is some
10° times that of the subtle DSNB flux.

Feature



In 2003, Super—Kamiokande [Super—K, SK]
published the results of a search for these supernova
relic neutrinos [3]. However, this study was strongly
background limited; it could see no statistically
significant excess of events and therefore was
only able to set the world’s most stringent upper
limits on the relic flux. In 2012, a new Super—K relic
paper came out sporting a new, improved analysis
and much more data [4]. However, even with
improved cut efficiencies and a lower threshold the
backgrounds still dominated, and the resulting relic
flux limits were depressingly quite similar to those
from eight years ago. Oy.

But didn't | say there would be cake at this party?
All right then, one cake, coming up!

Doing Something About the (Neutrino)
Weather

In order to finally see the elusive DSNB signal,
theorist John Beacom and | are proposing to
introduce a water-soluble gadolinium [Gd]
compound, gadolinium chloride, GdCl;, or the

less reactive though also less soluble gadolinium

"40m ™

Figure 3. The Super—Kamiokande detector, located one kilometer underground in Mozumi,
Japan. At 50,000 tons of water, it’s large: the Statue of Liberty would fit inside.

sulfate, Gd,(SO,)s, into the Super—Kamiokande
detector (shown in Figure 3). As neutron capture
on gadolinium produces an energetic gamma
cascade, the inverse beta decay reaction, v, + p —
e" + n,in such a Gd-enriched Super—K will yield
coincident positron and neutron capture signals.
This will allow a large reduction in backgrounds and
greatly enhance the detector’s response to both
supernova neutrinos (galactic and relic) and reactor
antineutrinos.

The gadolinium must compete with the hydrogen
in the water for the neutrons, as neutron capture on
hydrogen yields a single low energy gamma, which
is essentially invisible in Super—K. So, by using 100
tons of gadolinium compound we would have 0.1%
Gd by mass in the SK tank, and just over 90% of
the inverse beta neutrons would be visibly caught
by the gadolinium. Figure 4 is an artist’s (okay, my)
conception of how the gadolinium will be delivered.
Due to a collapse in its price, adding this much
gadolinium to Super—K should cost no more than
$1,000,000 today, though it would have cost a
staggering $400,000,000 back when SK was first
designed.

Figure 4. “I got 1999 more of these here 50 kilo fellers
out in the truck. Yup, it’s a big truck.”
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Figure 5. Mark Vagins and John Beacom working on

GADZOOKS!. In case you're wondering, this drawing shows l— i

us as we appeared back in 2003. Sigh.

We call this new project “GADZOOKS!". In
addition to being an expression of surprise as well as
an archaic swear word dating back to 1694 (but as
such still nearly a century more recent than the last
galactic supernova), it'’s also an acronym: Gadolinium
Antineutrino Detector Zealously Outperforming
Old Kamiokande, Super!. The basics of this load-
SK-with-Gd proposal are detailed in our Physical
Review Letters article [5], the creation of which I've
whimsically depicted in Figure 5. Adding Gd,(SO,); to
Super—Kamiokande will not only allow a detection
of the so-far unseen DSNB flux, but it will also allow
the extraction of important — and unique, barring
a galactic supernova — information regarding the
neutrino emission parameters of supernovas. Super—
K with gadolinium should see about five of these
supernova events every year. The net result? A
steady stream of supernova neutrinos without the
annoying wait!

Of course, if we are fortunate enough to observe
a nearby supernova in the coming decades, it would
be most beneficial to have Gd,(SO,); in the water

of the large water Cherenkov detectors which are

online when the resulting neutrino wave sweeps
across the planet. This is primarily because their most
copious supernova neutrino signal by far (~88%)
comes from inverse beta events. If we could be tag
these events individually by their follow-on neutron
captures then we could extract the time structure
and neutrino flavor evolution of the burst precisely,
gaining valuable insight into the dynamics of the

explosion.

Gadolinium R&D - Or, How | Became a
Plumber

Since maintaining the excellent light transmission
of a water Cherenkov detector is a crucial
requirement, the insertion of any chemical
compound is a challenging task. And there is another
immediate challenge to making GADZOOKS!
work: in detectors such as Super—Kamiokande,
the long mean free path of light (~100 meters) is
maintained by constant recirculation of the water
through a water purification system. The existing
SK purification system would dutifully and rapidly

eliminate any added gadolinium along with the
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contaminants that are currently removed to maintain
optical clarity. Crap!

To solve this crucial problem, in 2006 |
hypothesized — a fancy science word for “guessed”
— that a fundamentally new type of filtration system
could be assembled. My “Molecular Band-pass
Filter” would selectively extract Gd,(SO,); from
the water stream and return it to the tank, while
simultaneously allowing all other impurities to be
removed. In 2007 | put a prototype system together
at the University of California, Irvine, where |
continue to hold a joint appointment, and amazingly
the damn thing worked! Then it was time for the
next step.

In early 2008 | had the honor of becoming the
first foreign professor to be hired by IPMU. My
offer letter said, in essence, “Come make gadolinium
loading work in Super-K!”

A new experimental chamber was excavated in the
Kamioka mine, located close to Super—Kamiokande.
There, a dedicated, large-scale gadolinium test
facility and water Cherenkov detector (essentially a

200 ton scale model of Super—K) has been built as

Figure 6. EGADS, the new large-scale gadolinium test
g facility in the Kamioka mine.

depicted in Figure 6. Known as EGADS (Evaluating
Gadolinium’s Action on Detector Systems), it is being
used to make absolutely sure that the introduction
of Gd will not interact with the detector materials
and to certify the viability of the Gd-loading
technigue on a large scale, closely matched to the
final Super—K requirements.

Funding for the new facility was obtained in Japan
to the tune of 390,000,000 yen (about $4,300,000
at the current exchange rate); construction began
in September of 2009. Within nine months we had
gone from solid rock to an excavated hall with a
total volume of about 2.5 kilotons ready for physics
occupancy, complete with a 200 ton stainless steel
tank. Six months after that a significantly scaled-up
version of my UC| selective water filtration system
had been assembled and installed. It started running
with pure water in January of 2011, and has been
filtering dissolved gadolinium sulfate since August
of that year. Now, with full gadolinium loading we
are within 15% of the transparency of ultrapure
water. This is probably already sufficient, but work

continues to improve upon this result. Further
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comparative studies both with and without dissolved
gadolinium in the 200 ton tank will take place
during 2013. If all goes well, we should be ready
to introduce gadolinium into Super—Kamiokande
sometime within the next few years. The ultimate
goal is to be able to make the world’s first conclusive
DSNB observation by 2016. Gadzooks, indeed!
Finally, a few months ago | received a new
Japanese Grant-In-Aid worth nearly $1,600,000.
This will be used to convert the EGADS test facility
into the world’s most advanced supernova neutrino
detector after the R&D phase is finished, and to tie
it into a Japanese network of optical, X-ray, gamma-

ray, infrared, and gravitational wave observatories.

My Fearless Extended Forecast

Already, the GADZOOKS! concept has gained
significant traction around the world. Note that this
is the only method of detecting neutrons which
can be extended to the hundreds-of-kilotons scale
and beyond, and at reasonable expense — adding
no more than 3% to the capital cost of detector
construction — as well. Given the additional physics
reach neutron detection makes possible (for
supernova studies as well as other, unrelated topics
like proton decay), getting this capability for minimal
extra cost is an enticing possibility. This is probably
why all of the major proposed next-generation
water Cherenkov detectors either officially retained
Gd-loading as an option (LBNE in the US [6]) or
simply assumed it as part of their baseline design
(Hyper—Kamiokande in Japan [7] and MEMPHYS in
Europe [8]). Last year’s Hyper-Kamiokande Letter of
Intent [7] even went so far as to include the benefits
of gadolinium in its Executive Summary.

Any one of these new detectors, once enriched

with gadolinium, will be able to record on the order
of one hundred relic supernova neutrinos every year.
They will therefore accumulate statistics comparable
to the total number of events seen from SN1987A
by Kamiokande every single month they are in
operation.

As if that's not enough to make one giddily
optimistic, having one or more such giant, Gd-
enhanced detectors awaiting the next galactic
supernova is also a truly exciting prospect. In other
words: delicious cake for everyone!

So, | think it is safe to predict that the extended
outlook for supernova neutrinos is remarkably bright

and sunny indeed.
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Special Contribution

Kav

Hirosi Ooguri

Kavli IPMU Principal Investigator

Fred Kavli is an innovator and
entrepreneur. After studying
physics at the Norwegian
Institute of Technology, he
moved to the US and founded a
company specializing in sensors
for aeronautic, automotive and
industrial applications. In 2000,
he divested his interest in the
company and established the Kavli Foundation to
support fundamental research in science.

The Kavli Foundation is sponsoring a worldwide
network of sixteen Kavli Institutes. This February, the
Foundation established an endowment to support
research at the IPMU, which is now called the Kavli
IPMU. The Foundation has also set up endowed
chairs at several universities, and | am holding the
inaugural Fred Kavli professorship at Caltech.

The Kavli Prize is a partnership between the Kavli
Foundation, the Norwegian Academy of Science and
Letters, and the Norwegian Ministry of Education
and Research, which recognizes scientists for their
seminal advances in astrophysics, nanoscience, and
neuroscience. Every second year, the Norwegian
Academy appoints a prize committee in each of

the three areas to select Kavli Laureates. The Prize

| Prize Ceremony in Oslo

Fred Kavli addressing the 2012 Kavli Prize Ceremony. Sitting on the front row are (left to right)
David Jewitt, Jane Luu and Michael Brown, the Kavli Laureates in Astrophysics, and Ann Graybiel,
one of the Kavli Laureates in Neuroscience.

consists of USD 1,000,000 in each of the scientific
fields. Each laureate also receives a scroll and a gold
medal. The first Prizes were awarded in 2008.

In early September, | was invited to attend the
third Kavli Prize Award Ceremony. After giving a talk
at an international conference in Berlin, | flew to Oslo
in the weekend before the Ceremony. On Sunday
evening, there was a reception at the Grand Hotel
hosted by the Kavli Foundation, gathering directors
of Kavli Institutes, Kavli professors, past Kavli Prize
winners and, of course, this year’s Kavli Laureates.

It was also an excellent occasion for the Kavli IPMU
to be inducted in the network of Kavli Institutes.

In the area of astrophysics, all the directors of Kavli
Institutes gathered in Oslo and took the opportunity
to have an informal meeting to discuss their research

strategies. Hitoshi Murayama, the director of the Kavli
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IPMU attended the meeting as the newest member
of the Kavli family.

On Monday morning, there were lectures by the
new Kavli Laureates at the University of Oslo. The
citation of the astrophysics prize was “the discovery
and characterization of the Kuiper Belt and its largest
members.” Among its three recipients was my
Caltech colleague, Michael Brown, who is also known
for his discovery of large Kuiper Belt objects, which
led to the demotion of the Pluto to a dwarf planet.
The nanoscience prize was awarded to Mildred
Dresselhaus “for her pioneering contributions to the
study of nanostructures.” She was the first ever solo
recipient of the Kavli Prize. The neuroscience prize
was awarded “for elucidating neuronal mechanisms
under perception and decision.” | was particularly
impressed with the fruitful collaborations between
neuroscience and nanoscience in developing high
energy imaging in the living brain. | should also note
that four out of seven Kavli Laureates were female
scientists.

In the afternoon, we moved to the center of the
city to attend the Kavli Science Forum on Science
and Global Health, with Kiyoshi Kurokawa from the
National Graduate Institute for Policy Studies in Tokyo
as one of its panelists. After the Forum, we walked
through the Queen’s Garden of the Royal Palace
to attend a reception at the Norwegian Academy.
There was an enormous memorial of Niels Abel, who
proved mathematically that there is no algebraic
solution for the roots of a general quintic equation. |
found it refreshing that the most prestigious location
in the capital is reserved for the memorial of the
mathematician.

The Award Ceremony on the next day was held
in the Oslo Concert Hall. His Majesty King Harald V

of Norway attended the Ceremony and presented

Kavli IPMU Director Hitoshi Murayama (right) and
Principal Investigator Hirosi Ooguri (left) at the Kavli Prize
Banquet.

the Kavli Prizes. Fred Kavli gave a passionate speech
describing his interest in the latest advances in
astrophysics, nanoscience, and neuroscience and
speaking eloguently on the joy of life enhanced by
the scientific understanding of nature.

The Award Banquet was held at the Oslo City
Hall, which is also the location for the Nobel Peace
Prize Banquet. It started with a welcome address by
the Mayor of Oslo. Mildred Dresselhaus, who was
introduced as the “Queen of Carbon,” gave a speech
on behalf of all of the Kavli Laureates. There was an
entertaining show by young Norwegian musicians.

It was a wonderful dinner with elegant but Special

unpretentious Scandinavian hospitality. After dessert, Contribuiy
the Mayor invited us upstairs for coffee. Dancing

started on the second floor overlooking Oslo Bay,

and by the time we returned to our hotel room, it

was close to midnight.



Ivan Chl' HO I p Research Area: Mathematics

Postdoc

My major research interest is on the representation
theory of quantum groups and its relations to the
classical matrix groups. In particular, currently | am

working on the class of positive principal series
representations of split real quantum groups, which
has a strong parallel to the theory of compact
quantum groups.

The whole program involves several related
theories, including Faddeev's modular double,

the quantum dilogarithm and g-special functions, and unbounded operators. It is expected to have
harmonic analysis on semigroup, cluster algebras, applications to construction of new Topological
Lusztig's parametrization of total positivity, C*-algebra Quantum Field Theories (TQFT) and Categorifications.
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Claire Lackner

Postdoc

Research Area: Astronomy

Galaxy morphology is strongly correlated with
a host of other galaxy properties: stellar ages,
metallicities, stellar mass, gas fraction, and local
environment. Taken together, these properties can
tell us a lot about how different types of galaxy form
and evolve. | am particularly interested in the effects
of local environment on galaxy morphology and star
formation and studied this problem at redshift zero

Charles Melby-Thompson

Postdoc

Anisotropy has recently arisen in several contexts
in theoretical physics. My prior research with Petr
Horava dealt with Horava-Lifshitz gravity, a theory
of dynamical spacetime whose anisotropy makes
power-counting renormalizability possible, and in part
my current research applies ideas from this work to
obtain a broader understanding of quantum gravity
and holography. Current research topics include:
holographic duals of field theories with anisotropy

Rene Meyer Research Area: Theoretical Physics

Postdoc

My research is primarily concerned with the
application of gauge/gravity duality to strongly
coupled and correlated real-world systems such
as the quark-gluon plasma, the high temperature
cuprate superconductors, or the fractional quantum
hall effect. These systems, involving fermions, mostly
are not accessible by traditional methods such as
lattice gauge theory or the usual approximations
in condensed matter physics, and their physics
hence remains elusive. The goal of my research

Research Area: Theoretical Physics

in detail for my dissertation work. The new Hyper
Suprime-Cam on Subaru will allow us to extend

studies of galaxy morphology and environment to
higher redshifts and smaller stellar masses.

i%
p——
A e k
and their relation to Horava-Lifshitz gravity; Weyl and
other anomalies in anisotropic theories; and three-
dimensional quantum gravity. My broader interests

include string theory and mathematical physics, but |
am always ready to try something new.

ol

is to use gauge/gravity duality, a string-theory
inspired reformulation of such strongly coupled and
correlated problems in terms of gravitational degrees
of freedom, to gain new insight into the dynamics of

Our Team

these problems or, with a bit of luck, to even solve
these systems completely.



Anupreeta More

Postdoc

Gravitational lensing provides one of the best
ways to probe matter distribution in the Universe.
Strong gravitational lens systems are not only
visually spectacular but also teach a great deal about
the seen (e.g. galaxies) and the unseen (e.g. dark
matter). | mainly use observations of strong lensing
to understand matter distribution from galaxy to
cluster scales. Recently, | have been developing
automated techniques to find strong lenses in large

Surhud More

Postdoc

Astronomical observations in the last couple of
decades indicate that a large portion (~96%) of the
energy density of the Universe is made up of two
mysterious and poorly understood components:
dark matter and dark energy. My research focuses
in understanding the connection between the
observable properties of galaxies and the dark
matter clumps in which they reside. This allows
us to use galaxies as shining beacons to explore

Mauricio Romo

Postdoc

My current research focuses on different aspects of
the interplay between field theory and geometry that

we can learn from string theory. On one hand, the
study of Seiberg-like dualities in 3d superconformal
field theories describing M2-branes probing non-
compact Calabi-Yau four-fold singularities. On the
other hand the study of 2d nonabelian gauged linear
sigma models whose target spaces are compact

Research Area: Astrophysics and Cosmology

Research Area: Astrophysics and Cosmology

Research Area: Theoretical Physics

surveys. At Kavli IPMU, | look forward to applying
these techniques to data from the SuMIRe project
and intend to further our understanding of matter
distribution using strong lensing.

the parameters that describe our “dark” Universe.
My research focus at Kavli IPMU will be to design
optimal ways of extracting cosmological information
from galaxy surveys planned as part of the SuMIRe
campaign.

Calabi-Yau three-folds. In this context I'm interested
in topological invariants that we can extract by
studying these field theories and their relationship
with mirror symmetry.
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Charles Siegel

Postdoc

Research Area: Mathematics

My research is about the geometry of curves
and how they can vary in family. | am especially
interested in classical problems and wrote my thesis
on the Schottky problem, which can be summarized
as the question of what are the possible integrals
around closed loops on Riemann surfaces. | am
currently working on extending some of the tools
that are useful in attacking such problems, including

Y1 Wang

Postdoc

My research focuses on inflation, including non-
Gaussianities, cosmic perturbation theory and
inflation models. In the field of non-Gaussianity, we
have shown a natural possibility of quasi-local shape
non-Gaussanity with continuous squeezed limits. We
also calculated the large trispectra for general single
field inflation. Using cosmic perturbation theory,
we have shown that inflation is UV sensitive to

Research Area: Cosmology and Theoretical Physics

Prym varieties of covers of curves, maps defined by
modular forms, and the geometry of moduli spaces.

loop corrections. We have also built a few inflation
models, such as quasi-single field inflation and multi-
stream inflation.

Our Team



Interview

with Katsuhiko Sato

Interviewer: Naoshi Sugiyama

World Plans for the Next-
Generation Ground-Based
Large Telescopes

Sugiyama: Professor Sato,
thank you very much for your
time today.

Sato: | also thank you for
traveling from Nagoya.
Sugiyama: | hear that you
just came back from the
general assembly of the
International Astronomical
Union (IAU) in Beijing. Did you
hear any new or interesting
talks?

Sato: Since we live in the
Internet age, we hardly
encounter sudden new
stories. But | re-affirmed that

Katsuhiko Sato is President of

the National Institute of Natural
Sciences. He is also a senior scientist
of the Kavli IPMU. He was a principal
investigator of IPMU from the
launch of IPMU in October, 2007
through March, 2010. He received

a Doctorate in Physics from Kyoto
University in 1974. He became
Assistant Professor at Kyoto
University in 1976. He moved to

the University of Tokyo in 1982 as
Associate Professor, and became
Professor in 1990. He was appointed
to present position in 2010. For the
last 15 years, he held important
posts such as Dean of the School

of Science, The University of Tokyo,
President of the Physical Society

of Japan, President of Division VIII
Commission 47 Cosmology, The
International Astronomical Union. He
received the Inoue Prize for Science
(1989), the Nishina Memorial Prize
(1990), the Medal of Honor with
Purple Ribbon (2002), and the Japan
Academy Prize (2010).
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large projects are progressing
at various places all over the
world. | felt it is very favorable
situation for the field of
astronomy.

Sugiyama: | see. People

are discussing several large
projects in Japan as well. As
the President of the National
Institute of Natural Sciences
(NINS), you must be in a
position to push for the Thirty
Meter Telescope (TMT) and

a future plan of the Subaru
telescope, in the field of
astronomy, for instance.
Today, | would like to ask you
about such things.

Sato: Well, the first thing is
the ALMA telescope. They
plan to hold an inauguration
ceremony in March of next
year. But a very important
thing is to request funding
for the operational budget
each year in the form of
special expenses. The Subaru
telescope is important,

of course. It is producing
excellent results, and getting
strong support from the
public, especially by providing
nice astronomical images.
Yet, | believe the TMT

project, which the National
Astronomical Observatory of
Japan (NAOJ) plans to join
presently, is very important as



we move to an era of large
telescopes of 30 meters and
40 meters. Telescopes of

this class, such as the GMT
(Giant Magellan Telescope)
and the ELT (Extremely Large
Telescope), are planned in the
world.

Sugiyama: The GMT is
US-based and the ELT is
European-based plans, I think.
Sato: That's right. For the
GMT, they are already
polishing one or two mirrors.
I got the impression that they
are making good progress.
Sugiyama: You mentioned
about the Subaru telescope.
Kavli IPMU is currently
promoting the SuMIRe project
toward uncovering the nature
of dark energy, which is one
of the biggest mysteries in
cosmology.

Sato: The Subaru telescope
provides a good exercise for
research which will be done
at the TMT. Also, as large
telescopes like the TMT are
going to be main players,

I think that research using
the Subaru should make
good use of characteristics
or merits of a 10-meter class
telescope. Personally, | know
the SuMIRe project well,

and | think it is a wonderful
project utilizing Subaru’s
characteristic features. As
President of NINS, | should
not interfere in the projects
of the respective institutes
affiliated to the NINS, but |
think the new Director of the
NAOJ, Professor Masahiko
Hayashi is managing NAQOJ,
thinking similarly to me. As he
was the previous Director of

the Subaru Telescope, | think
he also knows the SuMIRe
project well.

Sugiyama: Our plan is to
utilize the benefit of the
wide field of view to conduct
surveys over a very wide
region.

Sato: That's fine. As the
Hyper Suprime-Cam (HSC)
has already been
completed, ~ {
| am looking | ¢
forward to 2 4
hearing the

results. When do

you expect to finish
the PFS with
multi-fibers?
Sugiyama: We expect the
first light, though it may not
be full-scale, to be held in
2014 or so.

Sato: As a researcher, | really
hope to see the results as
soon as possible (laughs).
Sugiyama: | hope you would
support our project (laughs).
Among the very important
problems in cosmology, one
is to understand dark energy
and another is to find an
ultimate evidence for inflation
of the early universe. But

they might be related with
each other. Such situation
can occur in the presence of
the scalar field. Although the
energy scale is completely
different, the Higgs particle
that is a hot subject these
days is associated with a
fundamental scalar field. |
would like to ask you how
you related the Higgs particle Interview

Naoshi Sugiyama is a principal
investigator of the Kavli IPMU. He is
also Professor of Physics at Graduate
School of Science, Nagoya University.



to cosmology when you
proposed inflation for
the first time.

Connecting the Higgs Field
with Cosmology

Sato: It started when | was
studying the Weinberg-Salam
theory for supernova research
during my Kyoto years. Back
then, neutrino physics was
not yet understood well, but
Maskawa-san advised me that
I should study the Weinberg-
Salam theory. | was not
familiar with that theory, so |
then studied hard and applied
it to supernovae. “Neutrinos
are trapped inside the core of
a supernova through neutral-
current interactions” is my
another important work.
Sugiyama: Yes, that is a very
important work. | somehow
thought that there are two
separate mountains in your
research, one is that of the
early universe and cosmology
and the other is that of the
supernova explosions and
high-energy astronomy.

Are you saying that these
two mountains are actually
connected by the Weinberg-
Salam theory, or elementary
particle physics?

Sato: Yes, they are really
connected to each other
rather smoothly. When |
became a graduate student,

| wanted to study the early
universe. But cosmology was
not doing very well in those
days. After the discovery of 3K
cosmic background radiation,
many problems had been
solved. It seemed that very
little was left in cosmology for

graduate students to work
on. In such an atmosphere,

| began to work on neutron
stars and supernovae partly
having been influenced by
the stay of Professor Hans
Bethe in Kyoto as a guest of
Professor Yukawa. By studying
the Weinberg-Salam theory,
suggested by Maskawa-

san, while working on the
supernovae, | not only learned
neutrino physics, but | also
realized that a phase transition
can occur in the early universe
because this theory is based
on spontaneous symmetry
breaking which is, for us,
equivalent to the occurrence
of a phase transition
associated with the change of
temperature.

Sugiyama: That's great. You
collaborated with a Nobel
laureate, Hans Bethe, when
you were a graduate student.
Sato: Yes, that was my first
paper (laughs).

Sugiyama: That's very
impressive! You came across
neutron stars because of the
collaboration with Professor
Hans Bethe, and you came
across the Weinberg-Salam
theory because of talking with
Maskawa-san. You received
guidance from the two Nobel
laureates when you were a
graduate student. What an
incredible atmosphere!

Sato: Yes, indeed. | should

be thankful to a good
atmosphere of Kyoto in those
days, where | was able to talk
freely with such distinguished
people, though | was just a
graduate student. Of course,
Maskawa-san was a junior

staff member back then.
Sugiyama: Surely he was
young back then.

Sato: One important thing
was that we had ample
opportunity to talk freely with
professors and junior staff
members at nearby offices.
Sugiyama: | agree.

Sato: Those were the days,
indeed. Back then, there

was the so-called Research
Planning Committee in Kyoto.
Those who were elected by
vote formed a cabinet of

the Department of Physics

Il. Anyone, even graduate
student, became a committee
member once he/she was
elected. I was elected, and so
was Maskawa-san. Anyway,
we knew each other for

the most part, graduate
students and staff, within

the Department of Physics

IIl. I knew the names and
faces of almost all people

in the particle physics and
nuclear physics groups, and

I was able to make contact
with anyone personally. It

has been my method of
research to deal with nuclear
physics, particle physics, and
astrophysics simultaneously. |
was really able to work in that
way, and | fully enjoyed the
merit of Kyoto's atmosphere
in those days. Though |

was a graduate student, |
was able to have extensive
discussions with professors
and even with distinguished
professors without hesitation
(laughs). That atmosphere
was really great. | remember a
conversation with Maskawa-
san. He proudly said, ‘I
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recently wrote a paper in
which | claim there are three
generations of quarks.” So |
said, “Are you aware of what
your boss is saying? He is
arguing the infinite strata.”
Sugiyama: That must be
Professor Sakata, | guess.
Sato: | said a joke, “No need
to stick to just three. There
must be infinite generations.”
I was making fun. Anyway we
were able to enjoy casually
talking. To tell the truth,
before going into cosmology

| wrote a paper claiming

that the phase transition of
the Weinberg-Salam theory
should occur even inside a
high density object, neutron
star. Broken symmetry would
be restored by the fermion-
Higgs interactions. But | made
an important assumption that
the mass of Higgs boson is
very small. At that time, | was
regarding it as a few hundred
MeV, at most.

Sugiyama: That is a few
hundredths of the present
value.

Sato: Yes, | could make such
an assumption in those days
because the Higgs mass was
completely unknown and also
in many papers discussion was
made with rather small Higgs
mass. So | proposed that the
fermion fields restore the
symmetry. Around that time

| became acquainted with
Linde because he was working
on similar problems such as
restoration of the symmetry
by the fermion fields and by
raising temperature. This was
in the 1970s. | sent my papers
to him, and he wrote to me,



“I worked such and such
problems,” with his Lebedev
Institute’s preprints.
Sugiyama: It was a difficult
time for people living in the
Soviet Union to travel abroad,
wasn't it?

Sato: That's right. Of course

he was not able to go abroad.

Sending letters back and
forth took one month or

so. Time was moving rather
slowly in those days. Later
but still during the Soviet
Union times, Linde visited

us. He was saying with a

very cheerful voice, “I mostly
work at home. | only go to
the Lebedev Institute when

| have to check references.
Then | return home and do all
my research there.” He had
to report to the Soviet Union
Embassy every day on what
he had done. But, as he was
not so important a person
nobody came along with him,
and he was saying anything
he wanted to say. As he was
a very energetic person, | was
lucky to get acquainted with
him.

Professor Hayashi's Astro-

Nuclear Physics Group Was

Exciting

Sugiyama: So Kyoto had a
very good atmosphere, and
you met a lot of people there.
Sato: Yes, indeed.
Sugiyama: | want to hear
more about Kyoto of those
days. You belonged to
Professor Chushiro Hayashi’s
astro-nuclear physics group.
That group produced a

lot of excellent people,
covering almost all Japanese

astrophysics theorists if we
talk about not only his direct
disciples but also disciples of
his original disciples and so
on. Somehow, | myself am his
second-generation disciple.
Sato: | suppose so.
Sugiyama: What do you
think was a key to the
success?

Sato: | think it was very
significant that Professor
Hayashi laid out a simple
principle, that is, you have

to work every phenomenon
from the basic physical
processes. We were intensively
trained with this principle and
through colloquia held in the
group. He insisted that we
had to work on elementary
processes starting from basic
equations rather than learning
many phenomenological facts.
I think that was great. When
we look into astronomical
phenomena, data analyses
may have a bigger impact on
the field as a whole, but in
those days Professor Hayashi’s
approach had great influence.
We were trained in colloquia
which started at noon

every Saturday and looked
interminable.

Sugiyama: Did they last till
midnight?

Sato: Well, sometimes. We
had to spend a lot of time

in preparation for colloquia
because we were interrupted
whenever Professor Hayashi
had questions. Reporters had
to choose their themes as
early as half a year before

the colloquia and start
preparation. Otherwise they
were sure to end up stalled

during the talk.

Sugiyama: (laughs)

Sato: We had to do an
exhaustive survey of the
related references. Otherwise
we were sure to be scolded by
him, “You have not checked
even such things?” We were
really trained intensively.
When | moved to the
University of Tokyo, | wanted
to do the same thing. But as
the colloquium went on one
hour or two, even graduate
students would begin to
complain that they were busy
and had something else to do.
As times had changed, | dared
not do that.

Sugiyama: It’s really difficult
to do now. We have to

watch out for things like
academic harassment. But

| can understand that very
deep discussion and building
up from basic physical
processes were key elements.
Did you also have good
communication?

Sato: Well, it was probably
specific to the Department

of Physics I, where we were
able to hold discussions freely
not only with people in the
respective research groups but
also with nuclear physicists
and particle physics, or with
experimentalists and theorists,
because we knew each other.
I think that was really great.
Sugiyama: | see. You
incubated the inflation theory
in such environment. Was it
prior to your departure to
Copenhagen as a visiting
scientist?

Sato: Yes, it was only about
three months before my

departure to Copenhagen.
Back then | was working not
only on the Weinberg-Salam
theory but also on problems
such as the phase transition
based on the Grand Unified
Theories, phase transition
inside matter, and possibilities
to set limits on the Higgs
particle from cosmology. It
sounds crazy now, but | was
also working on the possibility
that the Higgs particles existed
in the cosmic microwave
background, and their decay
changed the spectrum of the
3K background radiation.
From this argument, | wrote a
few papers by setting a limit
on the lifetime of the Higgs
particle and also by setting
limits from the evolution of
stars, assuming that Higgs
particles come out of stars.
Recently this approach has
become a standard technique
when particle theorists try to
propose new particles.
Sugiyama: Yes, indeed.
Sato: A new particle called
the tau-particle was also
discovered around that time.
It was called a heavy lepton in
those days. | worked together
with Makoto Kobayashi on
setting limits to the neutrino
mass and lifetime. We
submitted our paper three or
four days after the famous
paper by Lee and Weinberg.
But our paper discussed a
possibility for their decay. The
famous Lee-Weinberg paper,
on the other hand, only set a
limit on the mass, but not the
lifetime. I'd like to stress this
point because this was a joint
work with Kobayashi-san.

Interview



Sugiyama: Here again,

you worked with a Nobel
Laureate. You had such a
luxurious research life.

Sato: It was great that | was
able to work with Kobayashi-
san. Though I couldn’ t do
detailed calculations, he
wrote various diagrams for
neutrino decay and made
calculations. Apart from
cosmology, Kobayashi-san
checked various parameter
limits from the particle-
physics experiments of those
days. We then wrote a paper
by combining theoretically
allowed regions and limits
from cosmology.

Sugiyama: Was it around the
time when you became an
assistant professor?

Sato: Yes, around that time |
became an assistant professor.
Of course, Kobayashi-san was
an assistant professor.

Post-Graduate Days

Sugiyama: Speaking of
appointment to assistant
professor, you spent about
five years as a postdoctoral
fellow before that. It must
have been a difficult time for
you. Would you mind telling
us about it before going back
to the topic of inflation?
Sato: Well, it was about

four years (laughs). When

I think back, there were

more postdocs compared

to graduate students in the
astro-nuclear physics group,
though the level of the group
was high enough. It was good
for me that | had to work
hard in such a harsh period.
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Sugiyama: | asked around
people who were graduate
students in those days (of
course they are professors
now) about it. They said it
was a real concern for their
future to see many postdocs
including Sato-san and
Takahara-san in the group.
Sato: Well, postdocs
contribute to strengthening

a research group. One reason
that Professor Hayashi’s group
was exciting was that those
people made up more than
half of the group members,
and they led very stimulating
discussion over a wide field,
allowing all the members to
join them. Together with the
positive atmosphere of the
entire Department, it was
really great.

Sugiyama: You are saying
that, although it was a
difficult time for young
people to get jobs, those
posdocs were taking the roles
of assistant professors and
leading the research activities
in the group.

Sato: Yes. In that sense,

| was also organizing an
independent group. | am not
sure if you knew this; | was
also working on inter-stellar
molecules.

Sugiyama: No, | didn’t know
that.

Sato: When | was in my

first year as a postdoc, |
organized a group to work on
something new for summer
school. That period coincided
with the time when we built
a nuclear-reaction network,
namely, the nucleosynthesis
network.

Sugiyama: Was it for the
study of nucleosynthesis
inside the supernova?

Sato: Yes. Not many people
know this, but it was the first
such attempt in Japan. The
nucleosynthesis code which
we developed had since
been used by Nomoto-san
and Sugimoto-san’s group.
An idea came to me that

the code could be used for
the inter-stellar molecules. If
you read papers about inter-
stellar molecules in those
days, you will realize that

the chemists pick only those
reactions which they like

and claim the synthesis from
those chemical reactions. But
| thought that there must be
many reactions that destroy
the synthesized molecules,
and so we must consider all
these effects. That was my
purpose. Ms. Hiroko Suzuki
played an important role at
that time. She was planning
to work on nucleosynthesis
inside the star. So we decided
to work together. Noting that
the density and temperature
vary in contracting inter-
stellar dust, we calculated
the ion-molecule reactions
(one participant being an

ion and the other being a
neutral molecule) using a
network. We published the
results as a few papers. We
found that the ion-molecule
reactions are in fact the main
route for the inter-stellar
synthesis of molecules except
hydrogen molecules which
are produced only through
surface reactions. Suzuki-san
continued her research in this
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direction and pioneered the
field of inter-stellar molecules
in Japan.

Sugiyama: So, you have
worked on various subjects
to which your expertise in
physics could be applied, not
limiting yourself to a specific
discipline.

Sato: Right. Furthermore, as
we had good communication,
we could make informal
collaboration with no
hesitation (laughs).

Proposing Inflation in the
Early Universe

Sugiyama: While you were
working on a variety of
subjects, as we discussed,

you were thinking how to
apply the Higgs particle in the
Weinberg-Salam theory to the
universe.

Sato: At first | applied it to
the inside of the stars, but

it was obvious that a phase
transition occurs at the
beginning of the universe.
Sugiyama: From the energy
argument, it is readily
understood that it occurs at
the beginning of the universe.
Sato: Yes. During my postdoc
days, Professor Fumitaka

Sato was asked to write

an article for a popular
science magazine Shizen,

and he asked me to write
something based on my
work. Accordingly, | drew a
plot in which the forces are
drawn with temperature and
time indicated on one side.
As the temperature goes
down, phase transitions occur
and the forces branch out. |
believe | drew that plot for



the first time in the world. Of
course, Professor Fumitaka
Sato made various corrections
to the manuscript.
Sugiyama: | recall that Shizen
was published by a publishing
company Chuo Koron, but it
was discontinued many years
ago. When did your article
appear?

Sato: Firstin 1976, and then
in 1978. Professor Motohiko
Yoshimura’s work on baryon
asymmetry also appeared
about the same time and, |
think particle physicists were
beginning to show interest in
cosmology. They had not paid
any attention before. When |
talked about phase transition
in the universe in a particle-
physics workshop, | was asked
immediately, “Do you really
believe the spontaneous
symmetry breakdown of the
Higgs field?” It was sufficient
for them if symmetry be
broken down. They thought it
was not a real phenomenon
that phase transition occurs
as the temperature goes up.
Sugiyama: Yes, there were
arguments that it was just an
expedient.

Sato: | was often scolded by
senior people. They said it was
just sort of a mathematical
tool, just an expedient. Other
people told me, “Nobody
found the Higgs particle.
Weinberg-Salam? They
discuss things assuming a
fictitious particle. You should
not study supernovae based
on such an argument.” It was
appalling. The early 1970s was
such time. A change of mood
occurred when the neutral

current was discovered. To

my pleasant surprise, the
Gargamelle experiment at
CERN discovered the neutral
current when | was working
on supernovae. This caused
the Weinberg-Salam theory to
rise in value greatly.
Sugiyama: It was just around
the time when your work on
neutrino trapping inside the
supernovae appeared. So you
got definitive evidence.

Sato: Well, I was very
encouraged by this
experiment, especially
because it just came as | was
working on neutrino trapping.
I strongly felt: “This is the
truth.” I wrote a lot of papers
on cosmological limits on

the Higgs particle in the early
universe. As | had already
noticed the phase transitions
of the universe, | had also
noticed that it naturally
causes the branching, or
evolution, of the forces. But

if the story ends up with the
evolution of the forces, the

subsequent evolution of the
universe would be just an old
tale. Unless we find its trace
in the present universe, it
would not be interesting. As

| continued working, | found
that if a slightly smaller value
is chosen for the Higgs mass
(here again, the Higgs mass
should be modified), the Higgs
potential has a small peak
between the symmetric state
where the value of the Higgs
field is 0 and the state where
the symmetry is broken,
because the effect from
radiative corrections becomes
very large. Though fine-tuning
was needed, it resulted in an
appropriate first-order phase
transition. In the first-order
phase transition, though
some parts of the system
have completed the transition,
others have not. So, | soon
realized that the universe
would exponentially inflate

by the vacuum energy of the
Higgs field, should there be

a vacuum-energy dominant,

or, Higgs-energy dominant
era. | built a simple model
that the universe would be
heated all at once to form a
fire ball, as a consequence of
the sudden change of states
occurring in the first-order
phase transition. It was in
April, 1979. But when | talked
about this model at a seminar
of our subgroup, which I think
was in May, | was severely
criticized by Kodama-san.
Sugiyama:Is he now a
professor at KEK?

Sato: Although | was not
quite confident, I claimed “We
can settle the horizon problem
once and for all by this.” Then
Kodama-san said: “You are
claiming that the universe
becomes homogeneous

by using a homogeneous
isotropic model. That does
not make sense.” His criticism
was: “You've derived the
conclusion by postulating it. It
will be worth paying attention
if you conclude homogeneity
starting from an anisotropic
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model. But it is tautology

to claim homogeneity of

the universe or that of 3K
radiation starting from a
homogeneous model.” He
was right. So | thought of
three things based on a policy
to look for any observable
effect or anything useful in
actual astronomy rather than
putting emphasis on just the
horizon problem or other
philosophical problems. The
first one was the fluctuations,
namely, the origin of the
large-scale structure of the
universe.

Sugiyama: Yes, you stressed
that point very much.

Those Days at the Niels Bohr
Institute

Sato: That's right. So,
secondly, on the survival of the
so-called baryon-antibaryon
symmetric (domain structure)
model of the universe, and
lastly, the monopole problem
(as the collaboration with
M.Einhorn)—in Copenhagen,

I wrote three papers along
these lines. At that time, it was
not in favor to propose the
inflation because the density
parameter of the universe, Q
was determined to be 0.01. |
was not able to propose the
flatness of the universe, which
was contradictory to the
observational results.
Sugiyama: Was it 0.017
Sato: Yes, it was 0.01 or 0.02,
because it was a baryonic
number.

Sugiyama: It was referring

to the visible part of baryonic
contribution.

Sato: That's right. So, | was
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not able to claim the flatness
with confidence.

Sugiyama: To some extent

it sounds similar to the story
of Einstein who built an
unnatural model of a static
universe. This was because
observations were quite
behind theory.

Sato: A similar story—I thought
that the story of creating

the large-scale structure of
the universe by the growth
of large-scale fluctuations
extending over the horizon
was persuasive for a paper.
So, | decided to submit that
paper to Monthly Notices

of the Royal Astronomical
Society (MNRAS).

Sugiyama: It's not a journal
of physics, but astronomy. You
submitted your paper earlier
than Guth.

Sato: | submitted this paper
and another one dealing
with creating the matter-anti
matter symmetric universe at
the beginning of February,
and the last monopole paper
in July. Guth submitted his
paper in August. My three
papers were all submitted for
publication earlier than Guth,
with the first two earlier by
almost half a year. When |
thought something useful
with inflation, I was reluctant
to write a paper for MNRAS
to claim the flatness of the
universe, because | was aware
of its inconsistency with
observations. It would have
been better to submit a paper
claiming it to Physical Review
as Guth did.

Sugiyama: | see. Because of
that, the motivations of your

papers did not look very clear.
Sato: In retrospect, stressing
the flatness would have been
more popular.

Sugiyama: But, last year,
when the Nobel Prize in
Physics was given for the
discovery of the accelerating
expansion of the universe, the
Nobel Committee for Physics
referred to the inflation,

and quoted the names of
Starobinsky, Sato, and Guth.
Your name was quoted
second.

Sato: I was pleased with
that as evidence for world
recognition.

Sugiyama: That means
recognition by the Nobel
Committee for Physics. You
completed that work in
Copenhagen, which was a
big turning point for your

research. That's my impression.

Sato: That's right. Of course,
I had had the idea but how
to complete it as papers was
worked out in Copenhagen.
As a matter of fact, | was
invited to Copenhagen as

a visiting professor because
my research on supernova
neutrino trapping by the
neutral current interactions
was highly evaluated. | felt
sorry to Chris Pethick who
invited me, but | did nothing
about supernova there. | was

concentrating on the inflation.

Sugiyama: That’s OK. You
made a major achievement.
In addition, you got to know
many foreign researchers

of the same generation in
Copenhagen.

Sato: So many visitors,
including M. Rees, M. Turner
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and S. Perlmutter, came to
the world-famous Niels Bohr
Institute. | got to know so
many researchers.
Sugiyama: You built many
good relationships. Then, after
having returned to Kyoto, did
you immediately move to The
University of Tokyo?

Sato: No, | stayed at Kyoto
for one year. During that time
| was able to write a paper on
multi-production of universes
with my collaborators at
Kyoto. A detailed study

of the first-order phase
transition shows that it does
not finish everywhere all

at once. If a false vacuum
region surrounded by
bubbles of true vacuum has

a substantial size, that region
is still inflating. So, the phase
transition does not finish.

On the other hand, looking
from the regions where
phase transition finished, the
false vacuum region must be
shrinking away. This means
that the surface of the region
is shrinking, but its volume

is expanding. | suffered from
this paradox. | returned to
Kyoto in July, and found

a solution to this paradox
through discussion with
young people at that time
forming a subgroup with me,
Sasaki-san, Kodama-san, and
Maeda-san. We wrote a paper
in September. We realized
that a wormhole solves the
paradox, and by assuming
spherical symmetry the
equation becomes smooth. So
we built a model in which a
spherically symmetric region
of false vacuum is surrounded



by small bubbles, and showed
that region becomes a
wormhole in a mathematically
beautiful way.

Moving to the University of
Tokyo

Sugiyama: Then, you moved
to Tokyo and started to build
your research group. You have
fostered researchers who

are now leading scientists in
Japan. What was your policy
of managing your group at
Tokyo?

Sato: As | was trained

by Professor Hayashi, |
adopted my principle of
guidance as studying from
basics rather than studying
phenomenology. | gave great
attention to colloquia and
made efforts to continue
discussion. | invited Kodama-
san as my first assistant
professor. As he had the same
philosophy as mine, | think our
academic training was quite
severe for graduate students.
Kodama-san was particularly
severe.

Sugiyama: | think so
(laughs). It is evident from his
complaint about inflation.
Sato: Well, his critical
attitude is quite important.
Without it, you cannot make
scientific success. That's

why I invited him to be my
assistant professor. Another
thing I managed to bring

to Tokyo from Kyoto was

an atmosphere in which
even graduate students are
on equal footing with staff
physicists in research. | think
it was also nice. We have
fostered many researchers in

such an atmosphere.
Sugiyama: | see. Your group
has been very active, of
course, but you started to be
involved in administration;
for instance you served as
President of the Physical
Society of Japan and Dean
of the School of Science.
How did you reconcile your
standpoint as a researcher
and administrator?

Sato: | certainly started to

be involved in administration
when | was around 50

years old. The first occasion
was an application to the
COE (Center of Excellence)
Program as the Principal
Investigator. It was approved.
Honestly speaking, | had to
concentrate my efforts to such
things around the time when
I worked on establishing the
Research Center for the Early
Universe. As a matter of fact, |
was encouraged by Professor
Kamae, Professor Orito and
other senior professors at first,
because, if successful, they
could get valuable money for
their observational research,
and theory groups could buy
a small supercomputer.
Sugiyama: It was successful.
The center has been operated
with even a net increase of a
professorship.

Sato: The COE Program was
a five-year program, but it
was extended to seven years
and we got two billion yen
of support in total. With

that support, Professor

Orito launched a balloon to
detect anti-protons (BESS
Experiment), Professors
Kamae and Makishima

developed the X-ray detectors
for the ASTRO-E satellite. In
that sense, my center was
very useful in strengthening
the astrophysics groups in
the University of Tokyo and
very much contributed to
raising the level of the entire
university. Usually theorists
present original contributions
when they are rather young.
That means that if they are
no longer young, somehow

| feel it’s their duty to do
some administrative work
appropriate to their age. Of
course, some old theorists are
still active, which is great.
Sugiyama: | think you have

performed your duty very well.

The Japanese name of the
Research Center for the Early
Universe has changed now
to mean the “International
Research Center for the Big-
Bang Universe”.

Sato: At the stage of
application to MEXT for
establishing the center, |
asked some journalists about
the name of the center. Some
said, “The Research Center
for the Early Universe? It's
too difficult to remember.”
So, the Japanese name of the
center was decided as the
International Research Center
for the Big-Bang Universe.
But, | was told by a professor
of chemistry, “Wow! Big
Bang Center? Isn't the Big
Bang only a hypothesis, just
a story with no reality? It's

an awkward name for the
center.”

Sugiyama: Really? That was
about ten years ago, wasn’t
it?

Sato: Yes, | was stupefied at
hearing it.

Sugiyama: You had to say
that there was plenty of
evidence.

Sato: Only ten years ago,
researchers in other areas

still thought that the Big
Bang was but a story that
the Universe begun with it. It
happened at the time when

| asked Dean of the School

of Science for starting formal
discussion about establishing
the center. | was stunned.
Sugiyama: So, we must make
every effort to convey our
knowledge to people through
outreach activities.

Sato: | agree. When | became
Dean of the School of Science,
| started public lectures by
faculty members. Till then, the
atmosphere of the School of
Science was: “You must work
on writing papers if you have
time to do things like that.”
However, as the fields of
astronomy and astrophysics
spend big money, these fields
particularly need people’s
support. We can only expect
it by conveying the fun of
science to them. So, actually,
many researchers in the field
of astronomy are involved in
outreach. The same is true for
all other fields at the School
of Science, | think. Therefore

| thought that public lectures
at the School of Science

were really important, and |
initiated the event twice each
year. Around that time, the
social atmosphere started to
show a big change. So, not
only because of my initiative,
but also because of the trend
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at that time, we have been
making lots of public relations
efforts.

Sugiyama: | see. In the

fields related to the universe
in particular, doing public
relations activities is rather
easy, but in the elementary-
particle field, it is not so easy.
But therein also, the Kavli
IPMU has been putting effort.
There are some really good
talkers, and they are involved
in outreach in many places.
Sato: On the Kavli IPMU’s
home page, video clips are
uploaded and we can see
Director Murayama'’s various
lectures. It's wonderful that
Kavli IPMU has a powerful
staff. At NINS we are also
devoting efforts to public
relations. NAQJ is very good
on that point. Also, institutes
for biological science at
Okazaki frequently hold press
conferences and host various
hands-on programs for high-
school students. In particular,
as the National Institute for
Physiological Sciences is an
institute for brain science,

it provides many programs

in which people can even
make experience on brain
science. The National Institute
for Fusion Science operates
its booth for experiencing
fusion science at the National
Museum of Emerging Science
and Innovation, and also holds
a big outreach event once a
year.

Major Science Projects Need
Support from Community

Sugiyama: Basic science is
often considered as inefficient
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in government spending.
Now astronomers are pushing
very big projects forward,

and particle physicists may
proceed to ILC after LHC. They
need huge amount of money.
So, it will become a very big
problem how we can manage
to get a social understanding
of our projects.

Sato: Exactly. | agree that
applied science is important
and needed for industry

and economy in Japan. So,

it would be indispensable to
set an appropriate proportion
in budget between basic
science and applied science.
Basically, determining this
proportion is an important
policy. We naturally want a bit
more appropriation for basic
science, because, for example,
a number of nice projects are
going on at NINS. The Large
Helical Device (LHD) at the
National Institute for Fusion
Science can be operated
longer than tokamaks, though
temperature and density

are not yet comparable to
those of tokamaks. But,

lots of improvements have
been made for LHD, and the
three conditions for fusion,
namely, time, density, and
temperature, are steadily
improved. For fusion research,
only constructing the big

ITER is not sufficient. What is
needed is the accumulation
of basic research. So, |

would like to see a bit more
governmental support. We,
basic scientists think the
present policy is a bit biased
to application. So-called
“Selection and Concentration”

sounds nice, but it is clear
that the concentration

never results in good cost
performance. | hope those
who decide Japanese science
policy, such as politicians and
members of the Council for
Science and Technology Policy,
emphasize basic science a bit
more.

Sugiyama: In that sense, we
should take much account of
the message from the Science
Council of Japan (SCJ).

Sato: Yes, in that sense, we
are very much indebted to
you. SCJ's Subcommittee for
Astronomy and Astrophysics
of the Committee for Physics
has produced an excellent
future plan for large research
projects in astronomy.

The fact that the whole
astronomical community has
decided to push these projects
makes a strong message

to the government. It has
been extended to the SCJ's
discussion of future plans for
large research projects in all
fields.

Sugiyama: Yes, the Master
Plan has been compiled. It
was primarily motivated by
our activities in the field of
astronomy.

Sato: That's right. Now
researchers in various fields
understand that they really
need supports from the
respective community by
hearing its opinions. As a
result, it has become a basic
way even for MEXT to decide
things based on the report
from the SCJ. It's a complete
change. Previously, if scientists
wanted to push a big project,
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they directly explained

their plan to the MEXT
officers concerned. Now,

the process to approve the
projects by MEXT proceeds

in the following way. | am

a member of the Working
Group on Large-Scale Projects
of the Council for Science
and Technology, and this
Working Group evaluates the
projects recommended by
the SCJ, because it is difficult
for the SCJ to evaluate
individual projects. Decision
for approval is made based
on the evaluation results. The
TMT project, which | have
mentioned at the beginning,
was given top-priority, and
its preparation as well as the
Subaru’s upgrade plan was
authorized by the MEXT. So,
its budget will be allocated

in earnest starting with the
next fiscal year. The budget
for the Super-B Factory was
also approved, though not

in full. It was another project
recommended by the SCJ
with a bottom-up approach.
Sugiyama: So, we have to
demonstrate that the plan we
want to push is a good plan
that is firmly supported by the
community.

Sato: It is great that every
community is now aware
that if it wishes to push some
project, support from the
entire community is vital.

Hope for a Major Paradigm
Shift in Physics

Sugiyama: Let me pose the
final question. In the past
decade or two, cosmology
as well as observations



developed very rapidly. Going
forward, what do you expect
in the fields you are involved
with?

Sato: Well, let me first talk
about my most familiar
research topic, the supernova
study. Particularly in Japan,
the number of people doing
simulation increased very
much. When | started, | was
almost only one to study core-
collapse supernovae in Japan,
but now the community has
considerably grown up, and
the Japanese contribution is
getting pretty high. In that
sense, we can expect world-
class accomplishments.
Sugiyama: You mean
successful simulations for
supernovae explosion, for
instance.

Sato: Exactly. Of course, our
ultimate purpose is to clarify
dark matter and dark energy.
People say dark matter is
elusive, but | hope LHC will
discover it as its energy goes
up. Underground experiments
are also well advanced. For
instance, Yoichiro Suzuki’s
XMASS will be upgraded

to approach the absolute
observation limit. In this
sense, | hope we will be able
to conclusively identify dark
matter both experimentally
and observationally in about
10 years. As for dark energy,
| believe that it is related

to inflation. Because of

this, sometimes | say that

the present dark energy-
dominated universe as the
manifestation of the second
inflation. People now call the
field responsible for inflation

as inflaton, but the nature

of inflaton should be a truly
fundamental problem in
particle physics, such as “What
is the vacuum energy?”

and “What is the energy of
space?” | think a scalar field
works phenomenologically,
but | believe its real nature is
not that simple.

Sugiyama: Possibly, we may
obtain some important hints
if we study the nature of the
Higgs particles precisely.
Sato: | completely agree with
you. Phenomenologically,

the Higgs field is explained

in a beautiful and simple
manner in analogy to
superconductivity, but | think
its true mechanism is not
known. The Higgs particle

is said to be a fundamental
particle giving mass to other
particles. Though I am no
particle physicist, | don’'t
think it is truly fundamental.
Rather, | believe it is only

a concept produced in a
phenomenological model. |
think a phenomenological
explanation of the occurrence
of phase transition is true,
but it may well be that the
true mechanism should

be extraordinarily huge

and profound a concept,
something related with the
“vacuum”. | think if the true
nature of the Higgs particle

is uncovered, it should be the
time of a great paradigm shift
in physics. Many years ago, L.
Abbott wrote a review paper
in Scientific American (vol. 3,
no. 1 (1991) p. 78), in which
he stated about the “vacuum”
that “It is our challenge to

repair that faulty foundation
without destroying the
towering edifice—the system
of physics—we have built on
it.” | completely agree with

Sugiyama: Thank you very
much for ending up our
conversation with a very
encouraging outlook for the
future.

him. Our present dream is
that the towering edifice of
the system of physics would
never be broken, but repairing
its foundation would cause a
great development of physics
once again. We do not quite
understand how it happens,
but according to the current
trend, it may well be that we
should look to the superstring
theory. In that sense, | hope
that Ooguri-san and his
collaborators will make a
fundamental paradigm shift
happen, because they are truly
world leading superstring
theorists.

Sugiyama: | see. You are
counting on the Kavli IPMU.
Experimentally as well,

it would be possible to
investigate that point very
precisely at the Large Hadron
Collider (LHC) and, going
forward, at the International
Linear Collider (ILC). Though

I am a bit of an outsider, too,
I also wish to watch it with
high hopes.

Sato: | think so, too. There
should be still more wonderful
developments in physics.
Sugiyama: To make that
happen, we need to repair its
foundation properly.

Sato: That kind of thing will
probably happen within the
21st century. | would not say
within 10 years, but | believe
a major paradigm shift—a
revolution in physics, should
happen once again.
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Research Report

The First Big Step for the Hyper Suprime-Cam

Project!

Masahiro Takada

Kavli IPMU Professor

Finally the Hyper Suprime-Cam (HSC) had its first
big step! During the first commissioning run starting
from Aug 16 2012, the HSC was mounted on the
8.2m Subaru Telescope, and then it was confirmed
that the HSC camera properly captured lights from the
star Vega. It was the exciting moment that the HSC
project finally became a reality. Since the initial concept
emerged back in 2002, led by Dr. Satoshi Miyazaki
(NAOQJ, Principal Investigator of the HSC Survey), many
scientists and researchers across various institutes in
Japan and from Taiwan and Princeton University have
joined subsequently and collaborated together, and
then finally the first commissioning run was carried out
— about 10 years instrumentation/development of the
HSC project.”

HSC is the new-generation prime-focus camera
of the Subaru telescope that is designed to have a
1.5-degree field-of-view" in diameter, substantially
wider than the current camera (Suprime-Cam) by a
factor of 7, but to maintain excellent image quality.
HSC is a “huge” digital camera, standing 3 meters high,
weighing 3 tons, and having 116 CCD chips mounted
at the focal plane, 870 millions pixels in total. To study
the evolution history of the Universe and its fate, we
astronomers need a homogenous survey measuring as
deep, distant (therefore fainter) galaxies as possible over
as a wider solid angle on the sky as possible. Thanks
to its large mirror aperture, wide field-of-view, and
excellent image quality, the HSC becomes the most
powerful survey imaging camera in the world.”

The HSC team has now grown up consisting of
' I have been involved in the HSC project since | joined the Grants-in-Aid for
Scientific Research for the HSC project back in 2006.

** The field-of-view (FoV) is the area on the sky which a camera can see at once.

: The HSC FoV has roughly the same area as a total area of 7 full moons.

* Etendue, the FoV times the mirror size, is often used to quantify a survey
speed of a given camera. In terms of Etendue, HSC is the most powerful
camera in the world, more powerful than the Dark Energy Camera (DECam)

used for the competing survey in the US, Dark Energy Survey (DES), by about
factor of 3.

Entire view of HSC (Credit: NAOJ HSC Project).

about 160 people from various places, mainly Japan,
Taiwan, and Princeton University. We have worked
together in preparation for carrying out a largest-ever
galaxy survey with HSC. We are planning to picture
detailed, high-quality images for several hundred
millions of galaxies, among hundreds of billions of
galaxies that exist in the Universe. That is, the HSC
survey offers a population sensor of the Universe. In
particular, we are planning to make, from the HSC data,
a high-precision measurement of gravitational lensing
effects, predictions of Einstein’s gravity theory, in order
to reveal the distribution of dark matter in the Universe.
Further, by measuring how dark matter “clusters” as

a function of time in an expanding universe, we hope
to constrain the nature of dark energy that is the
unknown, mysterious component to govern the fate
of the Universe behind the scenes. We plan to start
the HSC survey from the middle of 2013, for 5 years
duration. The aforementioned “first-move” of the HSC
camera just marks “the start line” of our extraordinary
long-journey, the HSC survey, and from now is the real
journey we should make. Please stay tuned for exciting
science news we will soon bring with the HSC survey!
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FY2012 Site Visit

A FY2012 site visit by observers
from MEXT and JSPS was conducted
on August 1 (Wed) at the Kavli IPMU
building on the University of Tokyo’s
Kashiwa campus. Also, on August 3
(Fri), they visited the Kamioka Branch
of the Kavli IPMU for the first time
since the launch of the IPMU in
2007. Members of the delegation
included WPI Program Director (PD)
Toshio Kuroki, Program Officer (PO)
in charge of Kavli IPMU Ichiro Sanda,
five Working Group members,
Tetsuji Miwa, Matthias Staudacher,
Yutaka Hosotani, Hiraku Nakajima,
and lan Shipsey, and Mitsuyuki Ueda
(Director, World Premier International
Research Center Initiative/ Basic
Research Promotion Division) from
the Research Promotion Bureau of
MEXT, and others. Managing Director
and Executive Vice President Yoichiro
Matsumoto attended from the
University of Tokyo Directorate.

Starting with Director Murayama’s
overview presentation as usual, the
site visit followed the last year’s
program: ample time was allocated
for the oral presentations of research
reports by principal investigators and
faculty members, and also to poster
presentations by young researchers
including postdoctoral fellows and
graduate students.

On August 3, the delegation visited
the Kavli IPMU Kamioka Branch. One of
the Working Group members, Tetsuiji
Miwa did not join at this time, but
Toru Nakano who is the PO in charge
of the Kyoto University’s WPI center,
iCeMS, newly joined. The observers
first heard an overview about the
activities of the Kamioka Branch
from Kavli IPMU Deputy Director
Yoichiro Suzuki, and after the Q&A,
they moved into the underground
laboratory in the Kamioka Mining
Company’s Mozumi Mine. There, the
delegation visited the experimental
sites of XMASS, KamLAND, EGADS,
and Super-Kamiokande. Having
heard explanations from researchers
at the respective experimental site
where huge tanks and complicated
instruments were placed close
together, the observers seemed to
be greatly impressed. After the visit
to the underground laboratory, the
delegation returned to the Kamioka
Branch Office and interviewed young
researchers who are stationed at
Kamioka. The site visit was concluded
with a free discussion among the
observers and Director Murayama and
other Kavli IPMU core members who
accompanied the delegation.

Director Murayama presenting an overview at the
site visit to the Kavli IPMU at Kashiwa.

- T
The observers as well as attendants arriving at the
underground experimental site in the Mozumi Mine
of the Kamioka Mining Company.

Fifth Meeting of the Kavli IPMU
External Advisory Committee

The fifth meeting of the Kavli IPMU
External Advisory Committee was held
on July 24, 2012, prior to the WPI site
visit, with seven committee members
—Roberto Peccei (UCLA, chair), John
Ellis (King’s College London), Steve
Kahn (Stanford/SLAC), Sadayoshi
Kojima (Tokyo Tech), David Morrison
(UC Santa Barbara), Sadanori Okamura
(Hosei), and Nigel Smith (SNOLAB)—in
attendance. The committee heard from
Director Hitoshi Murayama as well as
Associate Director Nobuhiko Katayama
on the Kavli IPMU activities and from
researchers in various fields on their
research reports. The committee also
looked at the poster presentations.
The committee reviewed the Kavli
IPMU’s past activities and gave

valuable suggestions for the future.
- —

Director Murayama Received a
Letter of Appreciation of Global
Messengers of “Japan” Project

On September 18, 2012, the
Japanese Government's National
Policy Unit announced 63 Japanese
who carried out notable activities
in the international community and
contributed to spreading the positive
image of “Japan” to a global audience,
and Hitoshi Murayama, Director of the
Kavli IPMU, was among them. Those
63 people were selected in The Global
Messengers of “Japan” Project from
various fields such as sports, culture,
and social contribution, by the selection
committee consisting of foreign
journalists etc. Letters of appreciation
were presented by the Minister of
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State for National Policy, Motohisa
Furukawa to the selected 63 people.

Hirosi Ooguri Received the Inaugural
Simons Investigator Award

The Simons Foundation
announced on July 24,
2012 that Hirosi Ooguri,
the Fred Kavli Professor
of the California Institute
of Technology and a
Principal Investigator of the Kavli IPMU
has been selected to receive the Simons
Investigator Award in the inaugural
year of the award. Ooguri will receive
more than $1.3 million over the next
ten years for his research. According
to the Simons Foundation, the goal
of the new program is “to provide a
stable base of support for outstanding
scientists in their most productive years,
enabling them to undertake long-term
study of fundamental questions.”

Nine theoretical physicists, seven
mathematicians, and five theoretical
computer scientists were appointed as
Simons Investigators. Ooguri was the
only recipient from the field of particle
physics.

Hirosi Ooguri was recognized in his
award citation as a “mathematical
physicist and string theorist of
exceptional creativity and breadth.” He
was chosen as an investigator for his
“innovations in the use of topological
string theory to compute Feynman
diagrams in superstring models,” as
well as for his work on Calabi-Yau
manifolds which has yielded important
new insights into the D-brane and
for his essential contribution to the
development of the holographic
principle of quantum gravity.

Hirosi Ooguri

MSJ 2012 Geometry Prize to
Yukinobu Toda

Derived categories of coherent
sheaves on algebraic varieties are very
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interesting objects to be investigated
because they are related to superstring
theories, non-commutative algebras,
symplectic geometry, and so on.
The Mathematical Society of Japan
(MSJ) awarded the 2012 Geometry
Prize to Yukinobu Toda, Associate
Professor at Kavli IPMU, for "The study
of the stability conditions in derived
categories and the Donaldson-Thomas
invariants.”

MSJ’s Geometry Prize was
established in 1987 by the donation
of funds by a group of Japanese
researchers in geometry. This prize is
awarded to mathematicians who have
contributed to the development of
geometry in a broad sense, including
differential geometry, topology, and
algebraic geometry, by obtaining
outstanding results, or by accumulated
important achievements
for many years of
research, or by giving
excellent guide to young
mathematicians by
writing books and/or by
other means.

Yukinobu Toda

The BCS Prize to the Kavli IPMU
Research Building

The Japanese Federation of
Construction Contractors announced
that the 53rd BCS prize was awarded
to 15 architectural structures including
the Kavli IPMU research building at The
University of Tokyo’s Kashiwa campus.
The award ceremony will take place
on November 20, 2012, at the Imperial
Hotel, Tokyo.

The BCS prize was established
in 1960 by the Japanese Building
Contractors Society at that time under
the philosophy that not only the design
but also the construction techniques
are important in constructing excellent
architectural structures and, for that
reason, the cooperation among three
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parties, namely the owner, the designer
and the contractor, is essential. The
prize is awarded annually to excellent
architectural structures in Japan. Note
that Professor Hidetoshi Ohno of the
Graduate School of Frontier Sciences,
at The University of Tokyo, was
awarded the AlJ (The Architectural
Institute of Japan) Prize 2011 for
Design for his achievement in the
design of the Kavli IPMU building (see,
IPMU News No. 14, p.28). Though that
prize is awarded to the architect, the
BCS prize to the Kavli IPMU building

is actually awarded to the architect as
well as the owner (The University of
Tokyo) and the contractor in view of
its philosophy.

Science Café 2012 at Tamarokuto
Science Center Well-Received
The Science Café 2012, fourth in this
series, was held at the Tamarokuto
Science Center in Nishi-Tokyo City,
jointly sponsored by the Kavli IPMU
and the Tamarokuto Science Center.
This year, Sadanori Okamaura
(Professor at Hosei University; former
Director of the Todai Institutes for
Advanced Study) gave the first lecture,
entitled “The Baryonic Universe,” on
June 30, Naoki Yoshida (Professor at
Department of Physics, The University
of Tokyo and Kavli IPMU Senior
Scientist), the second lecture entitled
“When the Universe Was Filled with
Light,” on July 7, and Tomoyuki Abe
(Kavli IPMU Assistant Professor) gave
the third lecture entitled “Mathematics
from Figures—A Small Journey to
Three Wonder Worlds of Langlands,”
on September 8.
The first and third lectures were

delivered in a rather small room

with a capacity of 80 people, with a
typical Science Café style, where a
relaxed atmosphere was specifically
emphasized so that lecturers could give



quizzes and attendees could talk with
the lecturers in a friendly manner. The
second lecture was divided into two
parts, with the venue of the first part
being the Tamarokuto Science Center’s
new planetarium on its opening day!
The first part started at 17:00, the
closing hour of the Science Center,
and Professor Yoshida’s presentation
was projected onto the planetarium
dome. It completely fit with the Star
Festival (Tanabata, the seventh night
of July) evening. The second part, with
all the people moved to a different
room, was a typical Science Café, with
the lecturer closely surrounded by the
audience. Every time, the audience
—Dbroadly ranging from junior high-
school students to septuagenarians—
actively asked questions, and Science
Café 2012 was a great success.

: b : {
Professor Sadanori Okamura giving a lecture on
June 30.

Professor Naoki Yoshida giving a lecture on July 7.
The venue for the first part was the Tamarokuto
Science Center’s planetarium.

Professor Tomoyuki Abe giving a lecture on
September 8.

Summer Science Program for High
School Students “Look into the
Universe”

On July 28, 2012, 16 high school
students joined a hands-on summer
science program “Look into the
Universe” held by the Kavli IPMU at
The University of Tokyo’s Kashiwa
campus. The program consisted
of a cosmology lecture by Eiichiro
Komatsu (Director of the Department
of Physical Cosmology, Max-Planck
Institute for Astrophysics and Kavli
IPMU Visiting Senior Scientist) as
well as remote lectures via video
conference system from the National
Astronomical Observatory of Japan’s
Hawaii Observatory and the XMASS
facility of the Kavli IPMU’s Kamioka
Branch. Students were interested
in the forefront research, and they
asked a lot of questions. Kavli IPMU
Director Hitoshi Murayama as well as
Associate Director Nobuhiko Katayama
unexpectedly joined the program
and they took it as a good chance to
directly convey the pleasure of science
and, in particular, that of studying the
universe, to the students.

Students and Kavli IPMU staff

Hyper Suprime-Cam Ushers in a New
Era of Observational Astronomy

The installation of the Hyper
Suprime-Cam (HSC), which had been
developed by the joint efforts of
National Astronomical Observatory
of Japan (NAO)J), Kavli IPMU, and
other partners, onto the NAOJ’s
Subaru Telescope in Hawaii took
place on August 16-17, 2012, and its
engineering first light was successfully

achieved starting from the night of
August 28. At Kavli IPMU, HSC has
been developed as one of the two
subprojects of the SuMIRe Project,
which is supported by FIRST (The
Funding Program for World-Leading
Innovative R&D on Science and
Technology), and led by Kavli IPMU
Director Hitoshi Murayama as a core
researcher. For more about the HSC’s
engineering first light and future
survey plan, see page 24.

SDSS Il Released the Largest-Ever
3D Cosmic Map

The Sloan Digital Sky Survey lll
(SDSS-Il) team, including some Kavli
IPMU researchers, has released the
largest-ever three-dimensional cosmic
map, as Data Release (DR) 9. It will help
the challenge of scientists to explain
the mysterious dark matter and dark
energy that scientists know makes up
96 percent of the Universe.

At the beginning of the last year,
SDSS-IIl released the largest digital
color image of the sky ever made (see
IPMU News No. 13, page 21). SDSS-III
started a six-year plan to extend this
image to a 3-dimensional map, and
with online release of DRY, the first
one third of the cosmic map has been
made available.

Clumpy Structure of Supernova
Explosions — A Subaru View of
Supernova Explosion Mechanism
A group of researchers including
Masaomi Tanaka (Assistant Professor
at NAQJ, previously IPMU Postdoc),
Koji Kawabata (Associate Professor at
Hiroshima University), Takashi Hattori
(NAOJ researcher), Keiichi Maeda
(Kavli IPMU Assistant Professor) and
Ken'ichi Nomoto (Kavli IPMU Principal
Investigator) have reported that
supernova explosions show a clumpy
structure, as observed by the Subaru
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telescope. The study is expected to
advance our understanding of the
supernova explosion mechanism which
has been a mystery for more than

half a century. This result has been
published in the July 20, 2012 issue of
The Astrophysical Journal.

Kavli IPMU Seminars

1.

28

"Gromov-Witten theory of Calabi-
Yau spaces II"

Speaker: Yongbin Ruan (University
of Michigan)

Date: Jun 19, 2012

"An introduction to Seiberg-Witten
Theory for mathematicians"
Speaker: Yuiji Tachikawa (U Tokyo)
Date: Jun 19, 2012

"Asymptotic flatness of higher
dimensional spacetimes"”

Speaker: Tetsuya Shiromizu (Kyoto U)
Date: Jun 20, 2012

"Mirror symmetry and modular form"
Speaker: Yongbin Ruan (University
of Michigan )

Date: Jun 20, 2012

"2HDM_MFV Facing Recent LHCb Data"
Speaker: Minoru Nagai (U Tokyo)
Date: Jun 27, 2012

"Real Galaxies & Virtual Universes"
Speaker: Roderik Overzier (UT Austin)
Date: Jun 27, 2012
"Multi-wavelength Observations of
the Enduring Type IIn Supernovae
2005ip and 2006d"

Speaker: Maximilian Stritzinger
(Aarhus/Stockholm)

Date: Jun 28, 2012

"New ways of searching for the
primordial gravitational wave from
large scale structure"

Speaker: Donghui Jeong (JHU)
Date: Jun 29, 2012

"The derived category of a GIT
quotient"

Speaker: Daniel Halpern-Leistner
(UC Berkeley)

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.
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Date: Jul 02, 2012

"Towards the Era of High Precision
Cosmology"

Speaker: Nao Suzuki (Lawrence
Berkeley National Lab)

Date: Jul 02, 2012

"Torsion points on Jacobian
varieties and p-adic Sato theory"
Speaker: Yuken Miyasaka (Tohoku U)
Date: Jul 03, 2012

"Why do | believe in SUSY more
strongly than before the LHC?"
Speaker: Tsutomu Yanagida (Kavli
IPMU)

Date: Jul 04, 2012

"On the rational K2 of a curve of
GL2 type over the function field of
a curve over a finite field"

Speaker: Satoshi Kondo (Kavli IPMU)
Date: Jul 05, 2012

"An introduction to Seiberg-Witten
Theory for mathematicians”
Speaker: Yuiji Tachikawa (U Tokyo)
Date: Jul 10, 2012
"Phenomenology of a
pseudoscalar inflaton: naturally
large non-gaussianity”

Speaker: Marco Peloso (Minnesota)
Date: Jul 11, 2012

"How to kill a giant molecular
cloud (GMQ)"

Speaker: Elizabeth Tasker
(Hokkaido University)

Date: Jul 12, 2012

"Latest Results on the Standard
Model Higgs Searches at the LHC"
Speaker: Koji Nakamura (CERN)
Date: Jul 13, 2012

"New probes of initial state of
quantum fluctuations during inflation”
Speaker: Eiichiro Komatsu (MPA/
Kavli-IPMU)

Date: Jul 13, 2012

"Unified description of Nambu-
Goldstone Bosons without Lorentz
invariance and Presymplectic
Geometry"

Speaker: Hitoshi Murayama (Kavli

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

IPMU)

Date: Jul 17, 2012

"Fermions for mathematicians"
Speaker: David Morrison (UCSB)
Date: Jul 20, 2012

"F-theory on genus one fibrations"
Speaker: David Morrison (UCSB)
Date: Jul 23, 2012

"To Higgs or not to Higgs? That is
one of the questions."

Speaker: John Ellis (King's College
London)

Date: Jul 23, 2012

"Naturalness in SUSY models and
LHC results"

Speaker: Masaki Asano (Hamburg)
Date: Jul 25, 2012

"Observational Cosmology:
Evolution of the Universe over 13.7
billion years"

Speaker: Naoki Yoshida
(Department of Physics/Kavli IPMU,
University of Tokyo)

Date: Jul 25, 2012
"Conformal/supersymmetric
interfaces for string theory"
Speaker: Yuiji Satoh (Tsukuba U)
Date: Jul 31, 2012

"Drawing Photons from the Future
— the LSST Photon Simulator and
Shear Systematics Studies"
Speaker: Chihway Chang (Stanford)
Date: Jul 31, 2012

"Quantum K-Theory and the
Geometry of Spaces of Curves"
Speaker: Leonardo Mihalcea
(Virginia Tech)

Date: Jul 31, 2012

"Correlation functions in conformal
field theory"

Speaker: Juergen Fuchs (Karlstad)
Date: Aug 07, 2012

"Mapping class group invariants
from factorizable Hopf algebras"
Speaker: Juergen Fuchs (Karlstad)
Date: Aug 07, 2012

"WIMP dark matter and baryogenesis”
Speaker: Lorenzo Ubaldi (Bonn)



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Date: Aug 08, 2012

"From a finite projective plane to the
monster via hyperbolic geometry"
Speaker: Tathagata Basak (lowa
State U)

Date: Aug 09, 2012

"Theory of weight in arithmetic
geometry"

Speaker: Tomoyuki Abe (Kavli IPMU)
Date: Aug 09, 2012
"Quasi-crystals"

Speaker: Paul Steinhardt (Princeton)
Date: Aug 10, 2012

"What Next In Cosmology"
Speaker: Paul Steinhardt (Princeton)
Date: Aug 13, 2012

"Cubic relations in Hall algebras
and roots of zeta functions."
Speaker: Mikhail Kapranov (Yale)
Date: Aug 15, 2012

"Is it a (Beyond the) Standard
Model Higgs?"

Speaker: Tevong You (Imperial
College London)

Date: Aug 22, 2012

"Motivic integration and the
p-cyclic McKay correspondence”
Speaker: Takehiko Yasuda (Osaka U)
Date: Aug 27, 2012

"The Schottky problem in genus 5"
Speaker: Charles Siegel (Kavli IPMU)
Date: Aug 28, 2012

"Constraining low energy
supersymmetry beyond CMSSM"
Speaker: Kazuki Sakurai (DESY)
Date: Aug 29, 2012

"Brane Tiling mutations and beyond"
Speaker: Rak-Kyeong Seong
(Imperial College)

Date: Sep 04, 2012

"Long gamma-ray burst progenitors
throughout cosmological time"
Speaker: Matteo Cantiello (KITP)
Date: Sep 05, 2012

"Characteristic signatures in
non-gaussianity and statistical
anisotropy from vector fields
during inflation”

Speaker: Ryo Namba (Minnesota)
Date: Sep 06, 2012

43. "Quantum (sl_n,AVn) link invariant
and matrix factorizations"
Speaker: Yasuyoshi Yonezawa
(Nagoya U)
Date: Sep 10, 2012

44. "Molecular gas and star formation
in early-type galaxies"
Speaker: Martin Bureau (Oxford)
Date: Sep 13, 2012

45. "W-constraints for the total
descendant potential of a simple
singularity"
Speaker: Todor Milanov (Kavli IPMU)
Date: Sep 13, 2012

46. "The accelerating Universe, and the
cosmic mystery of Dark Energy"
Speaker: Grigoris Panotopoulos (OIST)
Date: Sep 19, 2012

47. "Black holes, Dark Energy, and
other Dark Matters"
Speaker: Tommaso Treu (UC Santa
Barbara)
Date: Sep 21, 2012

48. "Positive Representations of Split
Real Quantum Groups"
Speaker: Ivan Ip (Kavli IPMU)
Date: Sep 21, 2012

49, "Lifshitz Solutions in String Theory"
Speaker: Ruth Gregory (Durham)
Date: Sep 26, 2012

50. "MMP via stability conditions”
Speaker: Yukinobu Toda (Kavli IPMU)
Date: Sep 27, 2012

Personnel Changes

Promotions

Masahiro Takada,
previously Kavli IPMU
Associate Professor, was
promoted to Kavli IPMU
Professor on October 1,
2012.

Alexandre Kozlov,
previously a Kavli IPMU
distinguished postdoctoral

fellow, was appointed as Kavli IPMU
Assistant Professor on July 1, 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 Tsz
Yan Lam [June 1, 2009 — August 31,
2012] moved to the Max Planck Institute
for Astrophysics as a Humboldt fellow.

Kavli IPMU postdoctoral fellow
Alexander Getmanenko [September
1,2009—-August 31, 2012] moved
to Institute de Mathématiques de
Jussieu, Université Paris Diderot as a
postdoctoral researcher.

Kavli IPMU postdoctoral fellow Minxin
Huang [September 1, 2009—August
31, 2012] moved to the Interdisciplinary
Center for Theoretical Study, University
of Science and Technology of China in
Hefei as an Assistant Professor.

Kavli IPMU postdoctoral fellow
Matthew Carl Sudano [September
1,2009-August 31, 2012] moved to
the Niels Bohr Institute, Copenhagen
University as a postdoctoral fellow.

Kavli IPMU postdoctoral fellow Jason
Evans [September 16, 2009—September
15, 2012] moved to Minnesota
University as a Ressearch Associate.

Kavli IPMU postdoctoral fellow
Johanna Knapp [April 1, 2010—August 31,
2012] moved to Technische Universitat
Wien as an Assistant Professor.

Kavli IPMU postdoctoral fellow
Christian Schnell [July 1, 2011—August
31, 2012] moved to Stony Brook
University as an Assistant Professor.

Kavli IPMU postdoctoral fellow Siu-
Cheong Lau [August 1, 2011—July 31,
2012] moved to Harvard University as
a Benjamin Peirce fellow.

Kavli IPMU postdoctoral fellow
Yu Nakayama [September 1, 2011—
August 31, 2012] moved to Caltech as
a Fairchild Senior Research fellow.
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Atmospheric Neutrino Oscillations
Christopher W. Walter

Associate Professor, Department of Physics, Duke University

and Kavli IPMU Visiting Scientist

Neutrino mass was discovered by doing a quantum mechanics experiment using the
entire earth. The neutrinos observed in experiments are states of flavor. However,
these neutrinos are actually quantum mechanical mixtures of states, each with a
well-defined mass. As they travel, the flavor states we measure oscillate back and
forth between types. The equations that describe this oscillation are functions

of mixing angles that describe how mixed the states are and mass splittings that
describe the differences between their masses, along with distance and energy. By
comparing the behavior of atmospheric neutrinos (see IPMU News No. 7, p. 28)
traveling straight down with those coming thousands of kilometers from below, the
mixing angle and mass splitting were measured. Atmospheric neutrinos traveling
from below have about a 50% chance of changing to a type of neutrino we can't

easily see. This is seen in the data from Super-Kamiokande where approximately

half of the expected upward-going muon-like events are observed.
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