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This summary is to be based on the Center’s Progress Report and Progress Plan, with reference to the following items, prepare the 
summary within a space of up to 6 pages.  

A. Progress Report of the WPI Center 
I. Summary 
The Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU) was proposed to 

study five interrelated, basic, yet ambitious questions about the Universe: 
• How did the Universe start? 
• What is the Universe made of? 
• What is the fate of the Universe? 
• What are its fundamental laws? 
• Why do we exist? 
While these questions have been asked by humankind for millennia, advances in the last decade 

or two now make it possible to address them by scientific methods.  
The Kavli IPMU was founded from scratch with the WPI funding on October 1, 2007, as a unique 

interdisciplinary institute in the world that combines mathematics, theoretical and experimental 
physics, and astronomy. Since then, it has grown to an international research center of about 150 
members. It has produced high impact signature papers with a clear “made in the Kavli IPMU” 
brand, with citation counts and the number of highly cited papers comparable to or better than 
world-leading institutes. We receive 800 visitors on average every year, half of them from abroad; 
about 700 job applications every year with more than 90% from overseas; and more than half of 
about 90 Ph.D. scientists on site are international. More than 40% of the postdocs who have left 
the institute found faculty positions. We created an environment for strong mutual inspiration 
between mathematics and physics, and unexpected synergies between astronomy and 
mathematics as well as connections with condensed matter physics have emerged. We proposed to 
carry out experimental and observational programs from accelerators, underground laboratories, 
and telescopes, and have launched major experimental initiatives such as HSC, XMASS, and 
KamLAND-Zen successfully. The interdisciplinary environment allowed us to spawn new initiatives 
such as SuMIRe and LiteBIRD, garnering strong international attention. Our outreach program has 
been highly successful and mobilized more than 33,000 people, with strong media attention 
providing close to a thousand instances of international coverage. We spearheaded many 
unprecedented achievements in system reform at the University of Tokyo, such as split 
appointments, merit-based salary scales, and endowment donation from a foreign foundation. 

II. Items 
1. Overall Image of Your Center 

Overall, the Institute came out exactly as proposed. Our unique building allows mathematicians, 
physicists, and astronomers to be located under the same roof, sharing seminars and the daily 
teatime. Interdisciplinary discussions have become commonplace. The Institute is highly 
international. Thanks to several high profile papers and international visibility, our members are 
invited to major conferences as keynote or summary speakers, including Strings, Lepton Photon, 
Neutrino Conferences, International Congress of Mathematicians, and Nobel Symposium. Many of 
our faculty members have been invited to write major review articles.  

We fostered mutual inspiration of mathematicians and physicists despite big differences in 
purpose, culture, and language. We actively recruited key “interpreters” to overcome the barrier 
between mathematicians and physicists, and they played critical roles to make the interdisciplinary 
research a reality. This is crucial for addressing “what are the fundamental laws?” 

Unexpected synergies emerged. We did not imagine that astronomers and mathematicians 
would interact, or phenomenologists and mathematicians would write joint papers, yet both 
happened. Our research building specifically designed to mix up people from different disciplines 
and the mandatory daily teatime for informal interactions have proved extremely successful. 

The big projects proposed in the original proposal are well underway. XMASS was built and has 
produced the world’s best limits on some dark matter candidates, addressing “What is the Universe 
made of?” The KamLAND-Zen effort has produced the world’s best limit on possible transmutation 
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between matter and anti-matter, addressing “Why do we exist?” Our PI, Takaaki Kajita, awarded 
2015 Nobel Prize in Physics by the discovery of neutrino oscillations, which provides us a key clue of 
this question. The new 3-ton digital camera HSC with 870 million pixels was designed, built, and 
commissioned. An unprecedented 300-night survey has been approved and started, addressing 
“What is the fate of the Universe?” 

2. Research Activities 
Our research activities span a very wide spectrum from pure mathematics and theoretical 

physics to experimental physics and astronomy as summarized in the Progress Report. Here we do 
not try to cover more than 2400 papers exhaustively, but rather focus on a very few select results. 

What is the Universe made of? 
It has been known since 2003 that more than 80% of the matter in the Universe is mysterious 

dark matter not made of atoms. It is responsible for building up the stars and galaxies we see in the 
Universe today, yet its nature is completely unknown. Without it, we would not be here today. 

We have created maps of dark matter in the Universe, even though we cannot see it directly in 
telescopes. According to Einstein’s theory of relativity, gravity from dark matter acts on light, 
distorting the images of background galaxies (gravitational lensing). By studying the distortion of 
images, we can reconstruct 2D maps of dark matter, and “see the invisible.” Our Professor Takada 
and collaborators carefully examined 30 clusters of galaxies with the Subaru telescope, and proved 
that the dark matter maps are consistent with what was expected based on our numerical 
simulations. We will extend this technique to build 3D maps of dark matter with SuMIRe (see B.1), 
and Takada is the co-chair of its science team. 

It is believed that dark matter is composed of yet-to-be-discovered tiny particles. PI Suzuki 
leads the XMASS experiment trying to detect dark matter particles directly with a highly sensitive 
device in the Kamioka underground laboratory. It has demonstrated a versatile capability in looking 
for many different reactions, producing the world’s best limit on certain candidates of dark matter.  

What are its fundamental laws? 
This is the area where ideas from theoretical physics and new development in mathematics 

intersect. The best physical theory that attempts to unify all matter and forces is string theory, 
which says that our Universe is actually nine dimensional rather than three; six extra spatial 
dimensions are made small on special types of spaces called Calabi-Yau manifolds. Because each 
possible Calabi-Yau manifold represents a solution to string theory, hence to a possible Universe of 
its own, we need to understand how many of them there are, to explain why the Universe is the 
way it is. We distinguish them from one another using quantities called topological invariants. 

Using inspiration from physics, our young Associate Professor Toda could prove a conjecture by 
Fields Medalist Okounkov on equivalence of various topological invariants of Calabi-Yau manifolds. 
Yamazaki, then a graduate student in physics and now our Assistant Professor, pointed out to him 
that a paper in physics might be relevant to this research in mathematics. Thanks to Professor Hori, 
who came from a position both in the physics and mathematics departments at Toronto, and acts 
as a key “interpreter” between physics and mathematics at our Institute, Toda could use the 
inspiration from the physics paper and prove this conjecture. As a result, he was invited to give a 
talk in the summer of 2014 at the International Congress of Mathematicians, which is held only 
once every four years, and also received two Prizes from the Mathematical Society of Japan. 

Some of the manifolds with completely different shapes mysteriously lead to the same Universe. 
Professor Hori discovered a new type of this phenomenon called duality. Using the combination of 
these results in mathematics in physics, we hope to generate a list of all possible Universes. 

Why do we exist? 
To understand why we exist, we need to understand how stars are born. Yoshida, who became 

the youngest Professor in the Faculty of Science and now a joint appointment with Kavli IPMU, 
managed to simulate how the very first stars in the Universe formed from first principles without 
assumptions. This was published in Science, with 186 citations; he received a prize from 
International Union of Physics and Applied Physics. 

In what types of galaxies do stars form best? By combining observations that study not only 
stars but also dark matter, our Assistant Professors Leauthaud and Bundy discovered that there is 
a “just right” size of galaxy to form stars most efficiently. This paper received 228 citations and was 
tied for 9th most cited paper in astrophysics in 2012. 

For life to emerge, we need chemical elements beyond helium. They are formed inside stars and 
spread by explosions called supernovae. How? Associate Professor Maeda and PI Nomoto observed 
a number of supernovae a year later and could see “inside” after the ejected materials became 
transparent.  They discovered for the first time that most of the supernova explosions were not 
spherical and the gas is spreading out in a bipolar jet-like form. It received 127 citations.  

Another essential ingredient to answering this question is to understand why anti-matter 
disappeared, leaving matter behind. Our members proposed a theory that neutrinos are 
responsible for this miraculous feat because they are the only elementary matter particles without 
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an electric charge. Our Assistant Professor Kozlov pushed the KamLAND group to look for a 
possible conversion between matter and anti-matter through neutrinos, and the resultant 
KamLAND-Zen effort has produced the best limit in the world.  

In addition we uncovered clues on how supermassive black holes grow, and determined the 
distribution of cosmic dust accompanied by dark matter. Professor Vagins showed we can detect 
supernova neutrinos from cosmological distances by doping gadolinium into Super-Kamiokande. 

How did the Universe start? 
Our Universe is believed to have started with an explosive expansion called inflation. Before 

inflation, the whole Universe we see today was supposed to be much smaller than the size of an 
atom. Yet we do not have a definitive experimental proof of this paradigm. On the other hand, our 
former Associate Professor Mukohyama (now a full professor in Kyoto Univeristy) discovered an 
alternative theory that does not need inflation. If it pans out, it presents a completely new 
paradigm. This is a brave idea, and has more than 190 citations because of its potential impact. We 
will attack this exciting problem with LiteBIRD (see B.1). 

The discovery of the Higgs boson in 2012 also sparked active research. It shows the state of the 
Universe a billionth of a second after the Big Bang. In order to extrapolate it to even earlier 
moments, we need a consistent theory that explains the observed mass of the Higgs boson; this 
proved to be difficult. PI Yanagida and others came up with a supersymmetric theory called pure 
gravity mediation by combining crucial contributions of our members, and predict a new type of 
candidate for dark matter. It may be verified in the near future. This series of papers is highly cited. 

What is the fate of the Universe? 
The discovery of accelerated expansion of the Universe in 1998 came as a huge surprise and 

was already awarded a Nobel Prize in Physics. The acceleration determines the fate of the Universe, 
however the origin is mystery. About 70% of the cosmic energy density may be mysterious dark 
energy acting as anti-gravity to push the cosmic expansion, otherwise the general relativity may 
break down on cosmological scale. Kavli IPMU researchers analyze the clustering and motion of 
galaxies at the redshift range from 1.2 to 1.5 taken with Subaru telescope and test the theory of 
gravity on the cosmological scale for the first time at such distant universe. This work is a pilot 
analysis toward a precision test of gravity in SuMIRe project.  

 
3. Interdisciplinary Research Activities 

We promote interdisciplinary interactions with daily teatime, 
joint seminars, and interdisciplinary workshops. These have led to 
many publications that otherwise would not have been possible. 
Even though physics and mathematics cannot be fused into a 
single discipline, mutual inspiration has been highly successful. A 
few key “interpreters” helped foster communication between 
mathematicians and physicists. We found exact results in physical 
theories with supersymmetry, which turned out to have 
applications in understanding connections between different 
geometries. Interaction with mathematicians led to deeper 
understanding in quantum physics.  

Unexpected synergies (see Fig.1) emerged between astronomy 
and mathematics as Einstein’s theory of gravity describes the 
evolution of the Universe using techniques in differential geometry. 
An interdisciplinary workshop co-hosted by the Institute for Solid 
State Physics, a neighbor institute on the same campus, inspired 
work on condensed matter physics and material science. PI Ooguri 
worked with a condensed matter physicist and showed that an analog of a dark matter candidate 
creates instability in a magnetic system that can be studied in the laboratory. We even published a 
paper on biology using game theory in mathematics. 

Quimby, a postdoc who discovered the new and brightest class of supernovae called 
superluminous supernovae, was puzzled by a claim by the US-based Pan-STARRS group that the 
observed supernova PS1-10afx was an even brighter new type. He realized immediately that its 
properties resembled a well-known type called type-Ia, though it appeared 30 times brighter. He 
mentioned this puzzle at teatime. Werner, a postdoc working on mathematics, pointed out it was 
mathematically possible to obtain this magnification by gravitational lensing, but only if there is an 
unobserved object exactly along the line of sight towards the observed supernova. Such a possibility 
appeared implausible in practice. However Assistant Professor Oguri, a physicist with experience 
working with large data sets, quickly estimated that there is about one such chance in the 
Pan-STARRS data set. Together with other supernova experts at the Institute, they published this 
interpretation based on this teatime discussion. It was controversial for a while because the 
Pan-STARRS group led by Harvard stood by their original claim. Our group observed the host galaxy 

Fig.1 Synergies at Kavli IPMU in three 
categories: proposed & achieved; 
unanticipated & achieved; and will be 
achieved in the extension period.  
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long after the supernova faded away, and could prove that there is an unresolved faint galaxy in the 
foreground exactly along the line of sight. This result was published in Science and was covered by 
more than 80 media outlets internationally as: “Tokyo theory correct; Harvard theory wrong.” 

Study of fundamental laws also has applications in ordinary magnets, crystals of ice, superfluids, 
and neutron stars. The concept of spontaneously broken symmetry proposed by Yoichiro Nambu 
appeared to give incorrect predictions for these systems. Director Murayama worked with a 
condensed matter physicist and generalized Nambu’s work with help from mathematicians: a single 
theory now applies to all these cases, solving the fifty-year old problem. This series of works was 
published in four Physical Review Letters and chosen for Editor’s Suggestion and Physics Synopsis. 

 
4. International Research Environment 
We have world-class international PIs who are heavily involved in our daily research activity. 

We managed to create an intense “flow” of scientists to and from the Kavli IPMU. We attracted 
excellent scientists from abroad, while Institutions outside Japan recruited many of our members. 
The traffic of visitors is so high that it is easier to meet leaders in the fields at the Kavli IPMU than 
at typical universities in the US or Europe according to our American postdocs. We hosted 107 
international workshops, and about a half of attendees came from abroad. 

The quality of our members is excellent. We attract about 700 job applications annually 
competing for about 18 postdoc positions. Among 107 postdocs who left the Kavli IPMU since its 
inception, 44 found faculty positions. We could recruit a senior professor Kapranov from Yale, while 
some others accepting offers from us turned down prestigious offers in the US and Europe. We 
successfully retained faculty members and high-level postdocs against offers from other leading 
institutions. 

We provide an international and interdisciplinary environment to graduate students at the 
University of Tokyo (UTokyo) through workshops of Program for Leading Graduate Schools, and 
taught classes on scientific writing in English to more than 110 UTokyo graduate students. 

We created an extensive support system for non-Japanese scientists to kick-start their life and 
research in Japan. Our website offers a wide variety of useful information on life in Japan, 
subsequently copied by other departments and institutions. We send our staff to municipal offices, 
banks, real estate agencies, and cell phone stores to help our newcomers. We provide orientation 
sessions, “survival Japanese” classes, online safety training, and 24-hour service for emergency 
health care and pregnancies. We have received the President’s Award three tiimes as a result. 

 
5. Organizational Reforms 

We achieved system reform within UTokyo including 
• Merit-based salary scale, 
• Joint (split) appointments, 
• Tenured positions with non-traditional external funding, 
• Nenpo system (no traditional bonus or retirement benefit allowing higher pay and mobility), 
• Flexible management of positions, 
• Extensive assistance by bilingual administrative staff, and 
• Endowment donated by a foundation outside Japan. 
In fact, Director Murayama was the first example of split appointments and merit-based salary 

scales. The University also provided vigorous support to the Kavli IPMU by 
• Building the research building specifically designed to foster interdisciplinary interactions, 
• Building the international lodge to support non-Japanese members, 
• Creating a new organizational structure called Todai Institutes for Advanced Study (TODIAS, 

this was renamed UTIAS since Apr 2015) to house the Kavli IPMU as a permanent entity, 
• Designating the Kavli IPMU as a “special district” with a high degree of autonomy, 
• Providing competent staff to interface with the traditional administrative system, and 
• Providing permanent positions and resources to secure a sustainable future. 
Some of our administrative staff have expertise in computing, finance, art, and music, which 

surprisingly proved very important in the operation of the Institute. 
 
6. Others 

The Kavli IPMU is the first institute in Japan endowed with a foreign donation and named after 
the donor. It is evidence of our high international visibility. Another measure of our international 
visibility: citation counts. Thomson Reuters' Web of Science showed that the Kavli IPMU has 229 
(209) papers since 2007 with more than 50 citations, and 26.9 (20.4) citations per paper on 
average including (excluding) review papers. These numbers are comparable to or better than 
those of world-leading institutes covering similar research areas as our Institute, such as Institute 
for Advanced Study (Princeton), Kavli Institute for Theoretical Physics (Santa Barbara), Yukawa 
Institute for Theoretical Physics (Kyoto), Perimeter Institute (Canada), and International Center for 
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Theoretical Physics (Trieste), over the same period. 
 

B. Progress Plan 
We believe we have attained world premier status in the initial nine years, and our ambition is 

very clear. We would like to regularly create new theories and collect new data based on the 
interdisciplinary mutual stimulation of mathematics, theoretical physics, experimental physics, and 
astronomy. We will produce world-competitive results on dark energy, dark matter, and inflation. 
We will interpret them and build new theories of the Universe. We have created many synergies 
among disciplines, both proposed and unanticipated. We will create new synergies that were 
unimaginable before (see Fig. 1). 

Now the Institute is proposing the next phase after its initial decade with a revamped and 
younger lineup of PIs that reemphasizes core research programs with: Hori, Martens, Matsumoto, 
Moriyama, Takada, Toda, Vagins, Yoshida. We add Kim, one of leaders on the LHC experiment, to 
build closer collaborations between experimentalists and theorists, and Komatsu to launch new 
initiatives such as LiteBIRD. Nomura works at the Berkeley satellite to strengthen the ties between 
research at UTokyo and Berkeley. Kapranov adds a new dimension to mathematics research 
described below. UTokyo commits vigorous support behind this proposal, with a promise to sustain 
the Institute beyond the WPI funding. Yet a change from a WPI-supported institute to a 
University-hosted one requires a gradual transition during the proposed five-year extension. 
 

1. Mid- to Long-term Research Objectives and Strategies Based on the Center’s 
Research Results to Date 

Our interdisciplinary environment hatched new ideas and 
launched new projects that promise world-class results by the end 
of the five-year extension period (Fig. 2). Prime Focus 
Spectrograph (PFS) was proposed by Director Murayama in 2009, 
approved, designed, is under construction, slated for the first light 
in 2017, and will take data for five years. The SuMIRe project that 
combines PFS with HSC will produce the most precise data on 
dark energy in the foreseeable future addressing “what is the fate 
of the Universe?” It demonstrates the interdisciplinary approach 
where a theoretical physicist leads a group of astronomers and 
instrument builders.  

Thanks to the interdisciplinary structure, our astronomers, 
experimentalists, and theorists worked together and came up 
with a conceptual design of the LiteBIRD satellite experiment to 
test the paradigm of inflation and address “how did the Universe 
begin?” The proposal recently received the highest marks on the 
prioritized list of large projects by MEXT. By measuring the ripples of spacetime created by 
quantum fluctuations during inflation, it will prove or disprove a well-motivated class of models 
called “large field models.” We plan to have a result by 2024, and a discovery of the evidence will 
likely lead to a Nobel prize or two. 

Given these new initiatives and success from the initial period, we take on the challenges below: 
(1) Statistics 

The amount and type of data anticipated in our projects exceed the current ability for meaningful 
analyses. Statistics, being a branch of mathematics, will bring us an additional axis in connecting 
different fields at the Kavli IPMU. At the same time, access to our large data sets would help 
statisticians test their ideas on real data and improve their theories. We started a new JST CREST 
program jointly with the Institute of Statistical Mathematics to combine statistics with astrophysics. 
This will be a win-win relationship. It may even bring innovation to financial market or business 
through handling of big data. 
(2) New Synergies 

We successfully created synergies, both as proposed and unanticipated, among disciplines. 
While we cannot predict with certainty what further synergies might arise, we can anticipate (Fig. 
1). Accelerator, Underground, Astronomy, phenomenology: a dark matter signal from XMASS, LHC 
phenomenology, density profiles from SuMIRe, and high-energy cosmic-ray data would create 
synergies among these areas concerning “What is the Universe made of?” Neutrino mass may be 
determined combining underground KamLAND-Zen, accelerator-based T2K, and astronomical 
survey with SuMIRe, and verify ideas of “Why do we exist?” The Gd-loading of Super-Kamiokande 
will discover neutrinos from past supernova billions of years ago, bringing astronomy and 
underground experiments together. Astronomy and String Theory: SuMIRe and LiteBIRD will probe 
the quantum theory of gravity, bringing a new synergy between astronomy and string theory. 

Fig.2 Anticipated progress in our 
understanding probing the beginning of 
the Universe and its fate by the end of the 
five-year extension period. 
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(3) New frameworks in mathematics and physics 
One of our goals is to create a center that serves merging the languages of physicists and 

mathematicians. We recruited Kapranov from Yale, a visionary leader behind the derived and 
non-commutative geometry. Together with other mathematicians and physicists, we are uniquely 
positioned to discover the fundamental categorical background for elucidating the expected deep 
connection between number theory and geometry of string theory. 
(4) Execution of projects 

Even though we are carrying out and preparing new projects very well, successful execution of 
big projects is a major challenge. We plan to produce world-competitive data on dark matter 
detection with XMASS1.5, on transmutation between matter and anti-matter with KamLAND-Zen 
and Belle II, on dark energy properties with SuMIRe, and on the signal of inflation with LiteBIRD. 
(5) Excellence of people 

The spectrum of expertise we have appears well suited for the coming challenges, yet we must 
continue attracting and retaining the best talents, especially those with broad minds who can 
connect disciplines. We will pursue more joint appointments with institutions in and outside Japan. 
 

2. Management System of the Research Organization 
The current management structure allows for quick decisions by the directorate for recruitments 

and retentions, as well as for arranging timely workshops and visitors to enhance our research. We 
will develop a wider “sense of ownership” of the Institute among younger members to carry the 
Institute into the future. The organization remains flat with no “departments” within the Institute. 

We have been paying special attention to foster young researchers. We make sure that they 
receive sufficient exposure to secure their career paths, while learning the landscape of science on 
the international scene. Our policy requiring one to three months of travel a year outside Japan to 
promote their research with presentations and collaborations, as well as hosting a large number of 
workshops and visitors, has been extremely successful for this purpose. We intend our Assistant 
Professor positions to be tenure-track, some joint with other institutes. 

In addition, we take up the following challenges: 
(6) Propagate system reform 

As described in A.II-5, we have many achievements in system reform. Many of them are listed in 
National University Reform Plan from MEXT as models for the reform. We take the active role of an 
evangelist to make these reforms permeate the system by working on other Japanese institutions 
to create split appointments following success of Murayama (Berkeley) and Bondal (Steklov).  
(7) Create a New Graduate Program 

We believe working with graduate students is a must for a world-class research institution. It is 
wonderful that some of our faculty have access to students from traditional departments while 
some others do not. We try to create an international graduate program with vigorous student 
exchanges. By a new program to bring Oxford students, three students will come this summer and 
at least three more next summer. We also join a new international graduate program with physics 
(GSGC) to attract excellent graduate students from universities all over the world. 
(8) Young Students 

It is crucial to inspire young students to secure the next generation of scientists. Building on the 
success of our outreach program, we propose to conduct workshops to train scientists and 
high-school teachers in order to reach out to young students far beyond our own direct contacts.  
(9) Stability and Sustainability 

Most projects in our fields have long lead times of at least ten years. We need to have a stable 
and sustainable organization. We will work closely with UTokyo administration to make a transition 
from the model supported by WPI funds to a new model hosted by UTokyo.  
 

3. Center’s Position within the Host Institution, and Measures Taken by Host 
Institution to Provide Resources to the Center 

UTokyo recognizes that the Kavli IPMU has already achieved “world premier status.” Former 
President Hamada remarked “Kavli IPMU is our treasure” at the 2013 WPI program committee 
meeting. He secured nine permanent positions to the Kavli IPMU. UTokyo created TODIAS 
(afterward UTIAS) to house the Kavli IPMU as a permanent entity. UTIAS can request funding from 
MEXT through the University, and was already given nine additional permanent positions. President 
Gonokami implemented UTokyo’s vision in The University of Tokyo: Vision 2020, under the basic 
principles; Excellence and Diversity. The Kavli IPMU is positioned as the center of this vision and 
action plan. It is clear that the University is firmly behind the five-year extension proposal and a 
sustainable future of the Kavli IPMU beyond the WPI funding. The Kavli Foundation increased our 
endowment from US $7.5M to US $12.5M, a result of our high visibility and the University’s efforts 
to sustain the Institute. With the Kavli endowment and other resources, the Kavli IPMU will have a 
long-term future. 
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The Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU) was proposed to 

address five fundamental questions about the Universe, how it began, what it is made of, what its fate is, 
what its fundamental laws are, and why we exist in it. We proposed to address these questions by 
combining mathematics, physics, and astronomy, employing accelerator-based experiments, underground 
experiments, and observations at telescopes, exactly as the name of the Institute suggests. This Institute 
did not exist before the WPI funding; it literally started from scratch. In nine years, the Institute grew to a 
size of approximately 150 people on site including graduate students and support staff. 

Overall, the Institute came out to be exactly as proposed. Our unique building allows mathematicians, 
physicists and astronomers to be located together, sharing seminars and the daily teatime. Interdisciplinary 
discussions have become a commonplace. The Institute is highly international; approximately a half of the 
scientific members are not Japanese nationals. Since the Institute did not exist before 2007, every member 
was hired under the leadership of the Director. The quality of the hires is evidenced by the fact that about 
90% of the postdocs have been offered positions at other excellent institutions after their term at the Kavli 
IPMU, and more than forty among them are on faculty positions by now. Our faculty members have been 
constantly wooed by other institutions in and outside Japan, while we successfully recruited many against 
offers from other places. 

In the original proposal, mathematicians were supposed to be located on the Komaba campus, while the 
rest of the Institute on the Kashiwa campus. With extraordinary effort and crucial hires, we managed to 
place the mathematicians together with physicists and astronomers on the Kashiwa campus. Many papers 
were written based on mutual inspiration of mathematicians and physicists. Key “interpreters” to overcome 
the language barrier between mathematicians and physicists played critical roles to make it a reality. This is 
crucial to address the questions “what are the fundamental laws?” 

Our research produced many high impact papers with clear “made in the Kavli IPMU” brand. Our citation 
counts are similar to other world-leading research institutions. Thanks to high profile papers and high 
international visibility, our members are invited to major conferences as keynote or summary speakers, 
including Strings, Lepton Photon, International Congress of Mathematicians, Neutrino, and Nobel 
Symposium. Many of faculty members were invited to write major review articles. We advertise positions 
internationally and attract nearly a thousand applications each year.  

We are pleased that the 2015 Nobel Prize in Physics was awarded to one of our PI, Takaaki Kajita, 
director of the University of Tokyo Institute for Cosmic Ray Research. His historic discovery of neutrino 
oscillations provides us the key clue to the long-standing problem that we tackle “why do we exist in the 
Universe?” A tiny amount of neutrino mass tilt the balance between matter and anti-matter and prevents a 
complete annihilation of these two, which is a well-known theory proposed by M. Fukugita and T. Yanagida 
at the Kavli IPMU. The discovery motivates our leading neutrino experiments including T2K.  

The large projects proposed in the original proposal are well underway. The direct dark matter detection 
experiment XMASS was built and produced world best limits on some candidates. It is addressing the 
question “what is the Universe made of.” The KamLAND-Zen effort produced the world best limit on 

Host Institution The University of Tokyo Host Institution Head Makoto Gonokami 

Research Center 
Kavli Institute for the Physics and Mathematics of the 

Universe 
Center Director Hitoshi Murayama 



The University of Tokyo -2 
Kavli IPMU 

neutrinoless double beta decay. Gadolinium loading of water Cherenkov detector was tested in EGADS R&D 
project and was proven to be viable; deployment in the full Super-Kamiokande detector is becoming 
imminent. Hyper Suprime-Cam (HSC) was designed, built, commissioned, and the 300-night survey was 
approved by the Subaru Advisory Committee. Data from the initial few nights are being analyzed and 
published. Combined with the theoretical research by our members, they address the question “why do we 
exist.”  

In addition, interdisciplinary environment hatched new ideas and launched new projects. Prime Focus 
Spectrograph (PFS) was proposed in 2009, approved, designed, is under construction, and slated for the 
first light in 2017. The combination of imaging survey using HSC and spectroscopic survey using PFS on the 
same telescope of 8.2m aperture promises to be a world-leading observational program, addressing the 
question “what is our fate”. The Kavli IPMU is the lead institution for the MaNGA project in SDSS-IV, 
proposed in 2011, designed, built, commissioned, and is already taking data. Many scientific papers have 
been published already. We proposed to join the Belle II experiment and were given the biggest 
responsibility in the construction of the heart of the experiment (Silicon Vertex Detector). We are now 
proposing LiteBIRD satellite experiment to look for primordial gravitational waves as the evidence for the 
cosmic inflation, to address the question “how did the Universe begin?” 

Unexpected directions also emerged. Collaboration with condensed matter physicists became very 
active, with many high-impact papers. We did not envision close interactions between mathematicians and 
astronomers, but they did happen and also produced high-visibility papers. We keep making extra effort to 
have statisticians involved as we come to the phase of analyzing big data. 

The Kavli IPMU led the system reform of not only the University of Tokyo (UTokyo) but also National 
Universities at large. We made split appointments possible with institutions inside and outside Japan, 
starting with the Director. We offer merit-based salaries. The Kavli IPMU employed so-called “nenpo system” 
which improves the mobility of the members. The support staffs take extensive care of non-Japanese 
members to settle and kickstart life in Japan. We now have more than ten tenured positions based on the 
“nenpo system” and are free from restrictions of traditional ones inherited from the civil servant system. We 
named the Institute after a donor, Mr. Fred Kavli, the first time in the Japanese universities. It helped raise 
the international visibility of the Institute. The University itself created a new organization called Todai 
Institutes for Advanced Study (TODIAS), which was renamed the University of Tokyo Institutes for 
Advanced Study (UTIAS) since Apr 2015, to house the Kavli IPMU as a permanent entity within the 
University. Many of these reforms have permeated UTokyo, and the recent initiative from Ministry of 
Education, Culture, Sports, Science and Technology (MEXT) to reform the National Universities 
incorporated our achievements. 

We have also made impact on the graduate program at UTokyo. Our faculty has already contributed to 
the graduate programs at Department of Physics and Department of Mathematical Sciences through 
supervision of graduate students and lectures on voluntary basis. We partnered in two Programs for 
Leading Graduate Schools. It presents opportunities for interdisciplinary research to graduate students at 
UTokyo in our international environment. In addition, our international faculty lectured on scientific writing 
in English in Department of Physics, a very popular course among graduate students.  

Since the inception, the Kavli IPMU has been very active in public outreach. We mobilize many 
thousands of people to our public lectures and events every year. We organize schools for high-school 
students, some of them dedicated to female students. Our members published popular science books with 
high impact approaching a million copies altogether. We believe we are helping the nation by attracting 
young minds to science, building the work force of next generation. 

We need to maintain focus within the finite size of the Institute. For instance, we originally envisioned 
joining experiments at the Large Hadron Collider (LHC), but LHC was well underway at the time of the 
launch in 2007, and it was unclear we could make a major impact. We redirected our effort to Belle II 
instead where we are making a major impact. We could have opened up areas in mathematics much wider, 
but we rather focused on algebraic, differential, arithmetic geometry and representation theory not to 
dilute our effort. We could have ventured into exoplanets thanks to our access to the Subaru telescope, yet 
we maintain our focus on extragalactic science, in particular cosmology.  

Challenges remain. Since the Institute started from scratch based on the fixed-term funding of the WPI 
program, all of our members started on fixed-term appointments, with an unstable situation. Eight faculty 
members left for other institutions that offered them tenure. However the University promised nine tenured 
positions. UTIAS allowed us to put proposals to MEXT for operating funds and we were granted nine 
tenured positions. Kavli Foundation also increased our endowment in response to the MEXT funding. More 
effort is underway to secure the future of the Institute in a sustainable and stable fashion.  
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2. Research Activities (within 15 pages) 
 

2-1. Research Results to Date 
Describe issues of a global level that the Center has challenged, and give the results. Select 20 representative results achieved during the 
period from 2007 through March 2016. Number them [1] to [20] and provide a description of each. Place an asterisk (*) in front of those 
results that could only have been achieved by a WPI center.  
  In Appendix 2-1, list the papers underscoring each research achievement (up to 40 papers) and provide a description of each of their 

significance.  
 
2-1.0 The Big Picture 
 

 We proposed to address five basic and interrelated questions about the Universe: 
(1) How did the Universe start? 
(2) What is the Universe made of? 
(3) What is the fate of the Universe? 
(4) What are its fundamental laws? 
(5) Why do we exist? 
 These questions clearly need time scale of millennia to be solved fully. The initial phase of the Institute 
focused on how to turn these big questions into well-defined specific scientific questions that can be 
addressed based on the combination of mathematics, theoretical physics, experimental physics, and 
astronomy in a relatively short time scale of decades. Therefore, the initial phase emphasized theoretical 
investigations and smaller projects to try out various directions, that gradually came to a well-defined 
strategy for major experimental and observational programs. Those projects conceived at the beginning 
are now producing data, while much more are coming in the next few years. We describe the 
accomplishments in this context. When we refer to papers in Appendix 2(3), we use square brackets (curly 
braces) such as [2]({3}) etc. And we mark the Kavli IPMU’s members, PIs, faculties, postdoctoral 
researchers and affiliate members with a single underline.  

 
2-1.1 How did the Universe start? 
 
This question is one of the most difficult problems while we made some important progress. Based on 

the initial investigations, it became clear that this question has three parts.  
(a) The “Big Bang” itself, namely when the whole Universe collapses to a point with infinite energy density 

according to the Einstein’s theory of gravity. It is a space-like singularity, which cannot be described by 
the Einstein’s theory in terms of smooth spacetime. Therefore we need to build a quantum theory of 
gravity, such as string theory, working closely with mathematics of singular geometry and their 
resolutions. It overlaps significantly with the Question (4). 

(b) The inflation that is believed to have expanded the initial microscopic Universe to a macroscopic one, 
while creating seeds of structure we see in galaxies today due to quantum fluctuations. Then the 
question is what caused inflation and how to prove it observationally. At the same time, we should 
consider possible alternatives to inflation. 

(c) The subsequent evolution of the early Universe is governed by the elementary particles, and many 
extensions of the currently accepted standard model of particle physics predict different behaviors, 
especially with extra dimensions of spacetime or supersymmetry. 

 
*[1] Modified Gravity 

One of the greatest difficulties in attempts toward the theory of quantum gravity is the fact that general 
relativity is not renormalizable. This would imply loss of theoretical control at short distances. In January 
2009, P. Hořava proposed a new theory of gravity that evades this difficulty by invoking a Lifshitz-type 
anisotropic scaling at high energy. This theory, often called gravity at a Lifshitz point or Hořava-Lifshitz 
gravity, is renormalizable and unitary (as proven by our members D. Orlando and S. Reffert, chosen as 
Highlights of Classical and Quantum Gravity). Based on this candidate theory of quantum gravity, S. 
Mukohyama proposed a new mechanism for generation of cosmological perturbations [1]. This mechanism 
can solve the horizon problem and generate almost scale-invariant cosmological perturbations even without 
inflation, in any versions of the theory proposed to date. The same mechanism can produce almost 
scale-invariant gravitational waves in the early Universe without inflation. More recently, along with 
collaborators, S. Mukohyama calculated all parameterized post-Newtonian parameters in the U(1) 
extension of the theory and showed that the theory passes all solar-system tests of gravity. On the string 
theory side, an application to Big Bang singularity clearly requires time-dependent spacetime solutions. 
Some exact results are obtained for time-dependent solution by S. Hellerman and M. Kleban, while 
singularities in geometry are an active area of research by our mathematicians T. Milanov, K. Saito, and 
others.  
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*[2] B-Mode Polarization of Cosmic Microwave Background 
  Initiated by W. Hu and N. Sugiyama, the study of anisotropy in cosmic microwave background (CMB) 
proved theoretically very clean and experimentally tractable. The so-called B-mode polarization of CMB is 
now believed to provide a definitive test of inflation, where K. Sato is one of the first people to point out this 
possibility of exponential expansion in the early Universe. More recently, the BICEP2 result which claimed a 
positive detection of B-mode spawned further excitements and theoretical activities by H. Murayama, F. 
Takahashi, T. Yanagida and others, even though it remains unclear whether the foreground issues is 
resolved. We became involved in the POLARBEAR experiment at small scales to study feasibility of future 
directions. It converged to the LiteBIRD satellite proposal, which we actively work on with JAXA, KEK, and 
National Astronomical Observatory of Japan (NAOJ). Kavli IPMU members, M. Hazumi (joint appointment 
with KEK), N. Katayama, E. Komatsu, H. Sugai play active roles in LiteBIRD to be launched in 2022. In 2014, 
the LiteBIRD was selected as one of big academic research project “Master Plan 2014” by Science Council 
of Japan and also on one of ten new projects in the roadmap of large research projects 2014 by MEXT. Kavli 
IPMU held the first international conference with LiteBIRD as its focus (the conference title “B-mode from 
Space”). The LiteBIRD is selected as one of two Strategic Large Mission candidates by ISAS. 
 
*[3] Pure Gravity Mediation and Theories of the Higgs Boson 
  The discovery of the Higgs boson in 2012 sparked an active research at the Kavli IPMU. The Kavli IPMU 
has also become known as one of the major centers of so-called “model building” activity in the world, 
aiming at proposing a more natural and fundamental theory of elementary particles that govern the 
behavior of the early Universe. One major progress is the development of the pure gravity mediation 
(PGM) model that T. Yanagida found at the Kavli IPMU [2, 3], which is now accepted in the world as one of 
its prime candidates. The PGM model was built on the supersymmetric (SUSY) extension of the standard 
model (SM) based on very important past studies: The radiative correction to the Higgs mass [T. Yanagida, 
et al. (1991), J. R. Ellis, et al. (1991), and H. E. Haber, et al. (1991)], the anomaly mediated SUSY breaking 
[H. Murayama et al. (1998) and L. Randall et al. (1998)], the Leptogenesis for the baryon asymmetry of 
the Universe [M. Fukugita and T. Yanagida (1986)], and the Sommerfeld enhancement for dark matter 
annihilations [J. Hisano, S. Matsumoto, and M. Nojiri (2004)]. Many authors of the studies are now the 
members of the Kavli IPMU, and the building this model would not have been possible without the WPI 
program.  
  The PGM model is now known to be the minimal model involving the mediation of the SUSY breaking. It 
predicts a split-type spectrum for SUSY partners: Almost all the partners have the masses of O(10-100)TeV, 
while gauginos, the SUSY partners of the SM gauge bosons, still remain at the O(0.1-1)TeV scale. The mass 
of the Higgs boson is predicted to be what we observed at the Large Hadron Collider (LHC) [2], while it is 
compatible with null observations of new physics signals at the initial phase of the LHC, and it ameliorates 
the problem of too-large SUSY contributions to flavor-changing neutral currents. The model is also very 
attractive from the cosmological point of view: It is completely free from dangerous cosmological problems 
(the gravitino and the Polonyi problems) and issues with proton decay that many SUSY models suffer from, 
and thus compatible with the successful Leptogenesis, which gives the primary answer to the question 
“Why do we exist?”  In addition, the neutral wino, which is the SUSY partner of the neutral weak gauge 
boson, is predicted to be a dark matter particle [3], and it satisfies all conditions for the weakly interacting 
massive particle (WIMP) giving the most part of the answer to the question “What is the Universe made of?” 
The neutral wino as well as its weak partner, the charged wino, is now being searched for at the LHC using 
the disappearing charged track tactics. Robust estimate of its signal strength required a very precise 
calculation of the mass difference between the charged and the neutral winos, and it also has been done in 
the Kavli IPMU [M. Ibe, S. Matsumoto, and R. Sato (2012)]. The result is now accepted in both ATLAS and 
CMS collaborations. The measured mass of the Higgs boson sparked further active research at the Kavli 
IPMU including S. Matsumoto, H. Murayama, M. Nojiri, and many postdocs and students. 
 

2-1.2 What is the Universe made of? 
We learned only in 2003 the composition of the Universe quantitatively thanks to the results from the 

WMAP satellite based on the study of the anisotropy in cosmic microwave background. More than 80% of 
matter in the Universe is an unknown kind dubbed dark matter, which was responsible in forming stars and 
galaxies from the seeds planted by the inflation, which also touches on the question “Why do we exist?”  
To understand the nature of dark matter has become the focus for this question. In particular, we aim at 
(a) Understanding the distribution of the dark matter and its evolution 
(b) Unraveling the nature of dark matter using the combination of astronomical data, underground direct 

detection experiment, indirect detection via cosmic rays, and particle accelerators. 
In both questions, the combination of theoretical, observational, and experimental activities is crucial. 

Yet we made a conscious decision not to be involved in cosmic ray experiments, as we believed we could 
make bigger impact on other areas. 
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*[4] Dark Matter Distribution 
Gravitational lensing, the prediction of Einstein’s General 

Relativity, provides us with a unique means of revealing the dark 
matter distribution. The deep potential well of galaxy clusters 
causes a coherent, correlated distortion in background galaxy 
images – the so-called weak lensing shear. The 8.2m Subaru 
telescope is the best available facility for making accurate weak 
lensing measurements thanks to its wide field of view and 
exquisite image quality, enabling us to explore the mass 
distribution over the entire region.  

The team, being led by M. Takada and N. Okabe, has 
collected the Subaru data for a sample of most massive clusters 
that are selected from the previously known X-ray cluster 
catalog. They succeeded in collecting the Subaru data for all 50 
clusters that are brighter than the certain X-ray luminosity 
threshold in the redshift range z=[0.15,0.3] and accessible from 
the Subaru telescope. Hence, their sample is a volume-limited 
sample of X-ray clusters and is not based on any gravitational 
lens based selection (e.g., not based on previously-known 
strong lensing clusters). This project is a part of the international 
collaboration Local Cluster Substructure Survey (LoCuSS). 

In [4], they have used the Subaru data for 30 massive 
clusters, a subsample of the above Subaru data, in order to 
make a detailed weak lensing study of the mass distribution in a 
cluster region. They found that the average mass distribution is 
in a remarkable agreement with the prediction from N-body simulations in the ΛCDM model. In particular, 
they demonstrated that combining the different clusters allows measurement of the average mass profile of 
the clusters with a few percent.  

 
*[5] Dark Matter Detection 

Y. Suzuki and his collaborators designed and built the 
XMASS experiment for direct detection of dark matter. 
XMASS is a single-phase liquid xenon detector with a total 
target mass of 835 kg, currently the largest in the world. 
632 PMTs are used to cover 62% of the inner detector 
surface characterizing the highest photoelectron yield 
among such detectors of ~14 photoelectrons (pe)/keV, 
achieving the lowest energy threshold in the world of 0.3 
keVee (note: ee means electron equivalent).  

The recent data between November 2013 and March 
2015 was used to look for an annual modulation. The 
energy threshold used for this search was 1.1 keVee 
whereas the threshold for DAMA was 2 keVee. The lower 
threshold ensures the higher sensitivity. The total 
exposure for this study amounts 0.8 ton・year and that of 
DAMA is 1.33 ton・year, comparable to each other. The 
results for the dark matter model independent analysis [5] 
are shown in Fig. 2. Slight negative amplitudes were 
observed. However, the p-values from two independent 
analyses are 0.061 and 0.71, respectively, which is not 
statistically significant. This result, however, contradict 
with the DAMA’s annual variation. Furthermore, if you 
assume the WIMPs dark matter, we exclude almost all the allowed region from the DAMA experiment. We 
need more statistics in order to conclude those results with high statistical significance. 

XMASS is able to detect e/γ events as well as nuclear recoils. The γ−rays (39.6 keV) from the 
de-excitation of the excited state of 129Xe are the signatures of the inelastic scattering of dark matter. The 
energy of the signals is high enough for a precise determination of the event vertex. Within the innermost 
part of 41 kg, the background level of 3x10-4 ev/keV/kg/day was yielded. Then the upper limit for the 
inelastic cross section obtained was 3.2 pb for the 50 GeV WIMPs. This is the best limit obtained so far 
through this kind of analysis method. 

XMASS here looked for bosonic super-WIMPs in the keV region. These warm dark matter particles are 
interesting because the problem of the unwanted small galactic scale clumps seen in simulations of the 
development of the large-scale structure based on the cold dark matter scenario may be softened. The 

Fig.1 The average mass (mostly dark 
matter) distribution in a massive cluster 
region, reconstructed from the weak 
lensing measurement of X-ray luminous 
clusters. The top-left to bottom-right 
panels show the mass maps obtained by 
combining the data from 1 to 50 clusters as 
indicated (N. Okabe et al. 2013).  

Fig.2 The annual modulation amplitude observed by 
XMASS as a function of energy. The energy 
threshold was 1.1 keVee. Corresponding nuclear 
recoil energy was also shown on an upper horizontal 
axis. The black points with the error bars are XMASS 
data that shows a slight negative value. The lines 
show upper and lower 90% C.L. bounds. The red 
data points are those from DAMA experiment 
excluded by the present measurement.  
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bosonic particles cause monochromatic peaks when they are absorbed 
in the target. XMASS has used the same dataset and methods of the 
inelastic scattering analysis already mentioned. The limit surpasses the 
existing astrophysical constraints, entering a new territory (Fig.3) [6]. 

Y. Suzuki and collaborators are now designing XMASS1.5, with 3 ton 
fiducial mass and sensitivity, σSI < 10–46 cm2 for WIMP nucleon 
spin-independent cross sections. 

The indirect detection of the wino dark matter from astrophysical 
gamma-ray observations is also important, for strong signals are 
expected thanks to the Sommerfeld effect, pointed out first by M. Nojiri, 
S. Matsumoto and M. Hisano, for the wino dark matter annihilation. The 
PGM model [3] predicts the wino dark matter. In order to test the model 
robustly, however, one has to know the dark matter distribution in our 
galaxy precisely. The study is now being developed by an 
interdisciplinary activity involving particle and astro-physicists [K. 
Hayashi, M. Ibe, K. Ichikawa, M. Ishigaki, S. Matsumoto, and H. Sugai 
(2016)]. The wino dark matter is also expected to give strong signals in 
cosmic-ray observations. Recently, the AMS-02 collaborations have 
reported some excess in the cosmic-ray antiproton flux. The wino dark 
matter is found to be responsible for the excess in a very natural way [M. 
Ibe, S. Matsumoto, S. Shirai, and T. Yanagida (2015)], which gave a 
strong impact on particle phenomenology community. 

An international group including H. Murayama proposes a new class 
of dark matter theory that dark matter behaves very similar to pions and 
interacts with itself [7]. This theory predicts the modification of mass 
distribution inside galaxies or clusters and then resolves the discrepancy 
of observed mass profile and the expectations from N-body simulations 
based on cold dark matter scenario. The theory can be tested using particle accelerators such as the Large 
Hadron Collider and SuperKEKB. 

 
2-1.3 What is the fate of the Universe? 

It was discovered in 1998 that the expansion of the Universe is accelerating. It is attributed to yet another 
mysterious component of the Universe called dark energy. The fate of the Universe hinges on the nature of 
dark energy, and therefore to understand its nature has become the focus for this question. We need to 
(a) Consider theoretical possibilities for the origin of current accelerated expansion 
(b) Discriminate among them using astronomical observations. 
In addition, search for proton decay at Super-Kamiokande serves another approach to this question. 
 
*[6] Cosmic Acceleration  

Discovery of accelerated expansion of the recent universe poses one of the most fundamental question 
in physics and cosmology. The popular way to incorporate dark energy into theory of gravity is via Einstein’s 
cosmological constant. However, its value must be 120 orders of magnitude smaller than what is naturally 
expected in quantum field theory. Alternative description of dark energy may be necessary by modifying 
the Einstein’s theory of gravity at finite distances. On the theoretical side, whether there exists such a 
consistent extension of general relativity by a mass term is an important question in classical field theory. 
Since Fierz and Pauli's pioneering attempt in 1939, this issue has attracted a great deal of interest, and the 
massive gravity is one of the most interesting attempts in this direction. A. E. Gümrükçüoğlu and S. 
Mukohyama, along with A.D. Felice, discovered a new type of nonlinear instability in massive gravity for the 
first time ever since a similar discovery by Boulware and Deser in 1972. Since then, along with international 
collaborators, S. Mukohyama initiated a new search for consistent theories and cosmological solutions in 
massive gravity, including anisotropic cosmological solutions by A. E. Gümrükçüoğlu, C. Lin and S. 
Mukohyama, an extension of quasi-dilaton massive gravity by A. D. Felice and S. Mukohyama, stable de 
Sitter solutions in rotation-invariant massive gravity by D. Langlois, S. Mukohyama, R. Namba and A. 
Naruko, and the minimal theory of massive gravity by A. D. Felice and S. Mukohyama.  

Galaxy redshift survey provides a unique observational tool to measure the growth of large-scale 
structure, which is sensitive to the nature of gravity. FastSound is a galaxy redshift survey using Subaru 
Fiber Multi-Object Spectrograph (FMOS) instrument (N. Tamura is one of the builders) to aim for making 3D 
map of a distant universe of the redshift range from 1.2 to 1.5. T. Okumura, C. Hikage and T. Totani mainly 
analyze the clustering and motion of FastSound galaxies and test the theory of gravity on the cosmological 
scale for the first time at such distant universe [8]. The result indicates that the general relativity is valid 
even far into the universe. This work is a pilot study toward a precision test of gravity theory in SuMIRe 
project. 
 

Fig.3 Limits on coupling constants 
between electrons and dark matter 
vector bosons. The thin solid line 
corresponds to the coupling 
constant required to reproduce the 
observed dark matter abundance. 
The dotted line and dashed line 
correspond to the astrophysical 
constraints. The experimental 
constraint (dash-dotted line) 
assumes production in the Sun. 
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*[7] SuMIRe 
The Subaru Measurements of Images and Redshift (SuMIRe) project 

promises to further revolutionize astrophysics and cosmology research at 
the Kavli IPMU in a few years at the forefront of observational cosmology. 
The first part of the SuMIRe project is the imaging survey of the Universe, 
done with the new 1.5 degree-diameter wide-field camera Hyper 
Suprime-Cam (HSC). The construction was completed, led by NAOJ, the 
Kavli IPMU as well as international partners, Academia Sinica Institute of 
Astronomy and Astrophysics (ASIAA) in Taiwan and Princeton. Its 
engineering first light was successfully carried out in 2013 August. The HSC 
has 870 million pixels, is 3 meter tall and weighs 3 tons. Its single pointing 
covers the entire Andromeda Galaxy (M31). N. Yasuda and others from 
Princeton and NAOJ have been developing the software/pipeline system 
that enables an automated reduction/analysis of the HSC data. The 
completion of HSC was widely publicized around the world, including 
newspapers and broadcastings as well as in scientific papers such as a 
Nature article (2012, Nature, 489, 190).  

In 2013 May, the proposal “Wide-field imaging with HSC: Cosmology and 
Galaxy Evolution” for the Subaru Strategic Program was granted for 300 nights observing time, under the 
leadership of the HSC Science team (chair: M. Takada). This survey is the largest-ever galaxy survey 
carried out with the Subaru telescope, and is possible only with HSC within a timescale of 5 years, because 
it otherwise requires more than 1000 years on the Hubble Space Telescope. Its goals are to measure dark 
energy parameters by weak lensing and the properties of evolving galaxy populations and their relation 
with the dark matter distribution. Fig. 5 shows the dark matter map obtained from the weak lensing 
measurement of the early-phase HSC data [9]. Up to now we are collecting about 150 deg2 HSC data and 
we as the whole team are working very hard towards publishing a series of the first-year science papers 
around early 2017 [9].  

The Prime Focus Spectrograph (PFS) takes a role for the 
spectroscopic component of the SuMIRe project. The PFS project was 
endorsed by the Japanese community in January 2011 as one of the 
main future instruments of the Subaru telescope. Furthermore, in 
December 2011, a Memorandum of Understanding (MOU) on the PFS 
Project was signed between NAOJ and the Kavli IPMU. With this 
agreement, the NAOJ supports the PFS project as an international 
project in its design, construction and observation. The PFS is an 
optical/near-infrared multi-fiber spectrograph with 2400 fibers, each of 
which is set onto a target position quickly by a fiber positioner using 
two-staged rotational Piezo motors. The fibers patrol within 1.3 degree 
diameter, a significant portion of the extended field of view with the 
new Wide Field Corrector lens system built for HSC.  

Under the strong leadership of the Kavli IPMU (PI: H. Murayama, 
Project Manager: N. Tamura, and Project Scientist: M. Takada), the PFS 
collaboration successfully passed the Preliminary Design Review in 
February 2013, and is now in the construction phase. The PFS project is 
an international collaboration of the Kavli IPMU and NAOJ (Japan), 
University of Saõ Paulo/Laboratório Nacional de Astrofísica (Brazil), 
Caltech/JPL, Princeton, Johns Hopkins (USA), Laboratoire 
d'Astrophysique de Marseille (France), ASIAA (Taiwan),	 
Max-Planck-Institute for Astrophysics (Germany), and the Chinese 
consortium formed by 11 senior scientists who recently joined the 
project in late 2015. 

The PFS offers unique opportunities in survey astronomy and 
cosmology. The PFS team is planning to use 300 Subaru nights to carry 
out cosmology, galaxy evolution and galactic archeology programs, 

which are aimed at addressing the nature of dark energy, the nature of dark matter and the origin of 
galaxies and our Milky Way [10: also see H. Sugai et al. SPIE, 8446, 2012]. The combination of HSC and 
PFS will sustain the Subaru telescope as a world-leading telescope even in 2020 era when TMT, the biggest 
project of the Japanese astronomical community, will play a central role in astronomy, for target selection. 
The first camera for the spectrograph is now under testing, and the mass production of the robotic fiber 
positions with 10µ accuracy has started. We are planning to have the technical first light at Subaru in 
mid-2017.  

 
 

Fig.4 The HSC image of M31, 
created by the HSC pipeline 
developed at the Kavli IPMU. 
 

Fig.5 The projected map of dark 
matter distribution, reconstructed 
from the weak lensing measurement 
of HSC data over a 2.3 sq. degrees 
field that was observed during the 
early commissioning phase of the 
camera. The color scales denote a 
signal-to-noise ratio of the dark matter 
density, while the red points denote 
the locations of galaxy clusters [9]. 
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2-1.4 What are its fundamental laws? 
This question obviously touches on all the other questions. Our focus here is the tight connection 

between mathematics and the physical theories such as string theory. Given the unusual structure of the 
Institute where physicists and mathematicians share the same building and daily research activities, we 
have mutual stimulation to make progress in developing new mathematics and new physical theories. At 
the same time, the lessons gained in this activity have applications in other areas of science, such as 
condensed matter physics.  

Traditionally, the intersection between physics and mathematics centered around analysis. The 
invention of Einstein’s theory of gravity, quantum mechanics, gauge theory and string theory shifted the 
emphasis to geometry and representation theory. Therefore, this is the current area of focus. In addition, 
we believe that supersymmetry would play a crucial role in the search for the ultimate laws of the Universe. 
The infinitely many degrees of freedom in physical theories made mathematically rigorous treatment 
impossible for a long time. Supersymmetry makes the situation dramatically different. In some of the 
physically relevant observables, precise cancellation between bosonic and fermionic degrees of freedom 
occurs, and the remnant can often be treated in mathematical rigor. In fact, this is the well-known secret 
behind much of recent development in mathematics, such as formulation of Gromov-Witten (GW) theory 
and its variants, as well as “the 40% of Fields Medal since 1990's” mentioned in Center's proposal for the 
WPI program. Therefore, the particular focus areas are supersymmetric gauge theories, and 
compactification of string theory preserving supersymmetry that requires Calabi-Yau 3-folds and related 
algebraic geometry.  

An important tool is the concept of duality, where apparently totally different descriptions address the 
same subject. The mirror symmetry in complex and symplectic geometry originated from duality in string 
theory. In addition, Witten pointed out that the S-duality in compactification of maximally supersymmetric 
gauge theories in four dimension on Riemann surfaces is relevant to the geometric Langlands program, 
which is regarded as the testing grounds for the Langlands program for the arithmetic geometry and the 
number theory. 

 
*[8] Derived Category of Coherent Sheaves and Counting Invariants 

Algebraic Geometry is one of the research areas in mathematics, in which we study the geometric 
objects (called algebraic varieties) defined as the solution spaces of polynomial equations. In particular, the 
three-dimensional Calabi-Yau manifold appears as extra dimensions in string theory. The derived category 
of coherent sheaves on an algebraic variety is the category consisting of bounded complexes of 
holomorphic vector bundles on it. This is an abstract notion, but draws an attention in recent years, as it 
gives a mathematical formulation of D-branes in Type II-B string theory. Several interesting symmetries 
involving derived categories have been found based on the ideas from string theory. Kontsevich’s 
Homological mirror symmetry conjecture is one of them, and it relates the derived category of coherent 
sheaves on a Calabi-Yau manifold with the derived Fukaya category on its mirror symplectic manifold. This 
is an amazing conjecture relating different kinds of geometry, algebraic geometry and symplectic 
geometry.  

In 2002, Bridgeland introduced the notion of stability conditions on derived categories. This is a 
mathematical formulation of Π stability in string theory, and it gives the notion of semistable objects in the 
derived category. It is known that the set of stability conditions on the derived category forms a complex 
manifold, which is expected to be related to the moduli space of complex structures on its mirror manifold. 
Hence this is an important research subject in the study of mirror symmetry. However this space is quite 
difficult to study. In particular, the existence of a stability condition on a Calabi-Yau 3-fold is not known. 

On the other hand, in 1998, Thomas introduced the invariants (called DT invariants) counting stable 
coherent sheaves on Calabi-Yau 3-folds, as a higher dimensional analogue of Donaldson invariants on 
algebraic surfaces. The DT invariants correspond to counting BPS states in string theory, and they are 
interesting not only for mathematicians but also string theorists. The DT invariants counting rank one stable 
sheaves count curves on Calabi-Yau 3-folds. In 2003, Maulik-Nekrasov-Okounkov-Pandharipande (MNOP) 
conjectured that the rank one DT invariants are equivalent to GW invariants, the invariants counting world 
sheet in string theory. In order that conjecture makes sense, MNOP also conjectured (called rationality 
conjecture) that the generating series of rank one DT invariants is a rational function with a certain 
automorphic property. The MNOP conjecture was proposed in Okounkov’s Fields medal lecture at the ICM 
2006, and has attracted many mathematicians. Moreover in 2007, Pandharipande-Thomas (PT) introduced 
the notion of stable pairs on Calabi-Yau 3-folds, and conjectured that invariants counting stable pairs are 
equivalent to rank one DT invariants.  

Y. Toda applied the idea of Bridgeland stability conditions to the study of DT invariants, especially the 
MNOP conjecture. He has developed moduli theories of semistable objects in the derived category, and 
constructed DT type invariants counting semistable objects in the derived category. By investigating the 
dependence of these invariants under a change of stability conditions, he proved (a version of) conjectures 
on DT invariants, say DT/PT conjecture, MNOP rationality conjecture, etc [Y. Toda, (2010)]. Also his study 
of stability conditions led to a conjectural Bogomolov-Gieseker type inequality for Chern characters of 
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certain two term complexes, which tuned out to connect classical and modern problems in algebraic 
geometry [11,12].  

 
*[9] Langlands Correspondence and 𝑝-adic Cohomology Theory 

The history of arithmetic geometry began with Weil. His conjecture implied that the world of varieties 
over finite fields, which is a priori far from the one we live, has similar topological structure. Motivated by it, 
Grothendieck constructed cohomology theories for such varieties: ℓ𝓁-adic e ́tale cohomology for any prime 
number ℓ𝓁 different from the characteristic 𝑝 of the finite field we fixed, and crystalline cohomology 
(𝑝-adic theory). The ℓ𝓁-adic cohomology theory can be seen as an analogue of singular cohomology theory, 
with which we may extract the topological structure. In the complex geometry, singular cohomology can 
also be computed by using differential forms: de Rham cohomology. An analogy of this somewhat 
differential geometric approach is the 𝑝-adic cohomology theory.  

Given that there are infinitely many cohomology theories, what are the relations among them? 
Influenced by the Langlands correspondence (LC), Deligne proposed a conjecture on the existence of 
ℓ𝓁-adic and crystalline “companion” in his “Weil II”, one of the most influential papers in mathematics. This 
conjecture roughly states that no matter which cohomology theory we use, the cohomological information 
is essentially the same. The existence of ℓ𝓁-adic companion in the curve case was shown partly by Drinfeld 
and fully by Lafforgue by establishing LC for function fields. Both of them were awarded the Fields Medal. 
Using this result, later on, Deligne and Drinfeld constructed the ℓ𝓁-adic companion for more general 
varieties, even though there are still some cases yet to be treated. T. Abe’s main achievement was to 
establish an analogue of LC for the 𝑝-adic theory, and showed the existence of crystalline companion in the 
curve case [13]. For this, a sequence of fundamental and hard works in 𝑝-adic cohomology theory was 
required: product formula for epsilon factors, construction of theory of weights, and construction of six 
functor formalism for some stacks for 𝑝-adic theory [13,14]. Each of these achievements was considered to 
be hard to obtain in 𝑝-adic theory. He used systematically the theory of arithmetic D-module initiated by 
Berthelot, which tended to be avoided by specialists because of the complexity of the theory. On one hand, 
his results complete the foundation of 𝑝-adic cohomology theory. On the other hand, it opens a door to 
investigate “motivic property” of varieties over finite fields by means of 𝑝-adic differential equations, 
category of which is much wider than that of ℓ𝓁-adic objects. 

 
*[10] Primitive Forms and Mirror Symmetry 

Study of period integrals over elliptic and higher genus Riemann surfaces, started by Euler and 
developed by Abel, Jacobi, Gauss and Riemann, is a classic in mathematics. Primitive form was introduced 
as a higher dimensional theory of period integrals for vanishing cycles at an isolated critical point of a 
function F (K. Saito 1983). It turns out that the theory of primitive forms for a function F is relevant in the 
complex geometric (B-model) aspects of N=(2,2) supersymmetric Landau-Ginzburg (LG) theory in physics, 
having F as its superpotential. Therefore, it has become a common subject for physicists and 
mathematicians in the Math-String seminar at the Kavli IPMU. 

The dualities between different string models in physics give strong non-perturbative means to calculate 
the partition functions. For instance, Witten showed that the LG model and the sigma-model on a 
Calabi-Yau manifold give different phases of the same physics. The mirror symmetry (worked out by 
physicists K. Hori, Vafa et al.) is one of the dualities, which has a strong impact on mathematics, since it 
predicts an unexpected duality between complex geometry and symplectic geometry. As described below, 
new progress on this subject took place at the Kavli IPMU, which, in the last year, and the LG-LG mirror 
symmetry was confirmed using primitive forms.  

At a Math-String seminar, K. Hori and K. Saito made it clear that the primitive form theory is mirror dual 
to the symplectic geometric (A-model) theories such as GW theory of a compact Kähler manifold or 
Fan-Jarvis-Ruan-Witten (FJRW) theory of a LG orbifold (2013). A mathematically rigorous formulation of 
the LG-LG mirror symmetry conjecture claims the coincidence of the pre-potential function obtained from a 
primitive form for the function F and the generating function of FJRW invariants for the dual function FT. 
More precisely, a primitive form induces a flat (Frobenius) structure and its (genus 0) pre-potential on the 
deformation parameter space of F. From that data, higher-genus pre-potential is reconstructed on the 
generic point of the parameter space (Givental, Teleman). There were still difficult problems: 1. The 
higher-genus potentials given by Givental needed to be extended to the entire deformation parameter 
space, 2. they didn’t have any explicit formula and means to analyze primitive forms except for ADE- or 
simply elliptic singularities. We solved both problems last year at the Kavli IPMU.  

T. Milanov and B. Bakalov proposed a W-algebra to compute the invariants defined by Givental's higher 
genus reconstruction in terms of a certain explicit (monodromy) discrete data. Their construction is general 
modulo a certain technical difficulty, which T. Milanov managed to overcome in [15]. The problem is that it 
is in general very difficult to find explicitly the states of our W-algebra, because they are defined as 
solutions to a system of differential equations. In the last two years, inspired by the work of two physicists 
B. Eynard and N. Orantin, T. Milanov worked on developing a new method to construct states in the 
W-algebra [16]. So far he has only partial success, but the idea to use the topological recursion of Eynard 
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and Orantin is completely new. The subject is very rich with many interesting problems to investigate. 
In a workshop at the Kavli IPMU (2012), S. Li presented the idea to approach higher genus formula by 

heat kernels. This inspired a collaboration of K. Saito with S. Li and C. Li, where they developed a new 
approach to primitive forms that relies on polyvector fields. Furthermore, using the idea of 
Barannikov-Kontsevich, they developed the perturbative construction of primitive forms, in particular, an 
explicit formula for all weighted homogeneous singularities (arXiv:1311.1659). This gives an answer to the 
problem 2. Then, jointly with Y. Shen, an expert in the FJRW theory at the Kavli IPMU, they finaly confirmed 
the LG-LG mirror symmetry holds including a negatively weighted deformation parameter [17]. It shows 
also that 4th derivatives of the pre-potential, corresponding to 4-point correlators in the FJRW theory, 
determine the whole structure. The method is quite general and the confirmation of the LG-LG mirror 
symmetry for all invertible polynomials is ongoing.  

 
*[11] Secondary Polytopes and the Algebra of the Infrared 

M. Kapranov was studying categorical and sheaf-theoretical structures motivated by quantum field 
theory. Recent physics work by Gaiotto, Moore and Witten has exhibited algebraic structures governing 
the behaviour of 2-dimensional physical theories in the “infrared” regime. Working with M. Kontsevich and 
Y. Soibelman, M. Kapranov was able to relate these structures with the more traditional mathematical 
concept of secondary polytopes, which were introduced in his joint work with I. Gelfand and A. Zelevinsky 
in the 90's. These polytopes parametrize different triangulations of the original “primary” polytopes. The 
original reason for introduction of secondary polytopes was to study discriminants of polynomials of 
several variables. The “new”, physical motivation is quite different, is based on the analysis of 
Landau-Ginzburg models. It brings into the forefront the remarkable factorization property of the 
secondary polytopes: each face of such a polytope is a product of other secondary polytopes. Such 
factorizing structures appear in the categorical approach of Costello and others to quantum field theory but 
M. Kapranov obtains an interesting class of explicit examples related to more classical mathematical 
concepts (convexity, triangulations, discriminants) [18]. 

Another mathematical theory that their approach turns out to be related to is the theory of perverse 
sheaves which are topological counterparts of holonomic systems of linear Partial Differential Equations. 
The data provided by a Landau-Ginzburg model (the set of vacua, the set of instantons connecting the 
vacua) can be seen as defining a categorical analog of a perverse sheaf, which is called a perverse Schober 
by M. Kapranov and V. Schechtman. They gave a classification of perverse sheaves on hyperplane 
arrangements in terms of certain diagrams of vector spaces which were a motivation for developing this 
categorical analog [19].  

 
*[12] Discovery of New Connections between Geometry, Finite Group and Information Theory 

Our notion of geometry is undergoing dramatic changes in string theory and quantum gravity. In string 
theory, fundamental building blocks are one-dimensional objects rather than point particles. In quantum 
gravity, geometry is part of quantum degrees of freedom and quantum mechanically uncertain. 
Researchers at the Kavli IPMU are developing mathematical tools to study new concepts in geometry. 
They have enhanced our understanding of these theories and have also had strong impacts on 
mathematics.  

One of the significant discoveries by H. Ooguri was the “Mathiew Moonshine.” The elliptic genus is a 
mathematical object which can be used to compute part of the particle spectrum of superstring theory 
compactified on a four-dimensional Calabi-Yau space (called K3). In 2010, H. Ooguri with T. Eguchi and Y. 
Tachikawa, discovered that the particles counted by the elliptic genus form representations of the largest 
Mathieu group M24 [20], and conjectured that M24 is a hidden symmetry in string theory on K3. A weak 
version of their conjecture, christened “Mathieu Moonshine,” was proven by Terry Gannon in 2013. 
Ooguri’s discovery has been vigorously studied both by mathematicians and physicists all over the world, 
and many conferences on the Mathieu Moonshine have been held in US, Europe, and Asia. This work has 
opened a new area of research at the interface of physics and mathematics. 

In [21], H. Ooguri and M. Yamazaki (then Ooguri’s student, now faculty at the Kavli IPMU) introduced a 
new perspective on geometry by showing how Calabi-Yau manifolds emerges from the thermodynamic 
limit of the statistical mechanical model of crystal melting.  

More recently, H. Ooguri has been exploring a new connection between the holography of quantum 
gravity and information theory. In information theory, entropy inequalities play important roles to quantify 
efficiency of information processing tasks. In {20}, H. Ooguri and his collaborators showed that some of 
these inequalities can be interpreted as positivity conditions on energy densities in gravitational systems. 
Positive energy conditions are often postulated in general relativity to prove various theorems. Here, H. 
Ooguri, et al. showed that some of these conditions are consequences of consistency of quantum gravity 
theory. The work has also shed light how local geometry emerges in the holography. 

 
*[13] Supersymmetric Gauge Theories 

L. F. Alday, D. Gaiotto, and Y. Tachikawa proposed the so-called Alday-Gaiotto-Tachikawa conjecture in 
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2009. This conjecture was first phrased in the theoretical physics language, but it was soon reformulated 
as a precise mathematical conjecture. Large parts of it have been rigorously proven since then. It was 
originally considered for a restricted class of groups, and the work contains a big step toward the 
understanding of the general case. As another example of the interplay between physics and mathematics, 
O. Aharony, N. Seiberg, and Y. Tachikawa found hitherto neglected discrete parameters in general gauge 
theories [22]. These new parameters are best described in terms of the cohomology of the classifying 
spaces, a subject intensely studied in algebraic topology, to which many Japanese mathematicians 
contributed in the 1980s. But this subject was rarely used in physics thus far. So it was greatly helpful that 
as an affiliate member, Y. Tachikawa could directly ask mathematicians, and could consult books at the 
Kavli IPMU library, which has a comprehensive coverage of all areas of mathematics.  

 
*[14] Methods in Quantum Field Theory and String Theory –– Duality  

Quantum field theory and string theory are expected to provide the theoretical framework for the 
ultimate laws of the Universe, but it is in general difficult to understand the physics of a given theory. A key 
to overcome the difficulty is “duality”. It is a phenomenon that different theories yield the same physical 
observables. The strongly coupled regime in one theory is often mapped to the weakly coupled regime in 
the dual theory. It is particularly important in string theory, which is studied by combining several different 
approaches –– string perturbation theory, low-energy supergravity, and quantum field theories on various 
branes. In the past seven years, the Kavli IPMU made major contribution in discovering new dualities and 
developing new methods in quantum field theory and string theory. These are products of continuous 
interaction between physicists and mathematicians, and could not have been achieved without the 
existence of the Kavli IPMU. 

The origin of the interaction goes back to the recognition that the language of category is well suited to 
describe a class of objects in string theory, called “D-branes”. D-branes are interactions on the boundary of 
string worldsheet and form a type of category, which is often of the type studied earlier in mathematics, 
such as derived categories of coherent sheaves. Through this relationship, some facts in string theory yield 
mathematical conjectures to be proven, such as equivalence of derived categories, while mathematical 
results give some hints toward understanding string theory.  

K. Hori, who initiated such interaction, discovered a new class of dualities in two-dimensional 
supersymmetric gauge theory, which may be regarded as the two-dimensional analog of four-dimensional 
Seiberg duality. It is tested using the recently developed method concerning exact results on partition 
functions on the two-dimensional hemisphere [23], and the torus {9}. The results yield general formula for 
the D-brane central charges and the elliptic genera. It is also used to construct a new class of superstring 
vacua, including a new class of Calabi-Yau manifolds. The discovery may well be progress toward Center's 
research objective that “we will create the new mathematics needed for a unified description of the 
Universe” and may provide a step forward establishing “mathematical foundation for the formulation of 
new physical theories with well-defined and testable predictions”.  

Duality in systems without supersymmetry was also studied in the Kavli IPMU. S. Sugimoto employed 
gauge/string duality –– the duality between quantum field theory on D-branes and low energy supergravity 
of string theory –– to extract information about QCD, such as properties of baryons (K. Hashimoto, T. Sakai 
and S. Sugimoto, Prog. Theor. Phys. 120 (2008) 1093), in the set up of D4/D8-brane configurations called 
Sakai-Sugimoto model. S. Sugimoto also analyzed an electric-magnetic duality of string-theoretical origin 
and used it to understand confinement and dynamical symmetry breaking in four-dimensional gauge theory 
without supersymmetry (S. Sugimoto, Prog. Theor. Phys. 128 (2012) 1175).   

 
*[15] F-theory: Its Phenomenology Applications and Duality 

T. Watari has been addressing the fundamental laws by using one of formulations of string theory called 
F-theory, since his earlier paper in 2006 (Nucl. Phys. B747, 212). It is an essential part of such studies of 
F-theory, however, to deal with such mathematics as singular geometry and sheaf cohomology, and that 
was why the progress in this direction had remained very slow until 2008. 

A few physics-math collaborations had been formed around the world to address these questions by the 
beginning of 2008. Physicists and mathematicians at the Kavli IPMU set up one of such teams, and 
produced results including Ref. [24]. The team of the Kavli IPMU employed string duality between F-theory 
and Heterotic string in order to study physics associated with singular geometry of F-theory. Based on 
mathematical computations using Heterotic string and also by refining string duality, it was shown that 
quarks and leptons are described by smooth sections of line bundles in F-theory, despite the presence of 
singularities in the geometry [24].  

Further study also revealed that vacua with a rank-4 gauge group (as in this Universe) may constitute 
such a small fraction as e^{-O(1000)} in F-theory [25]; this observation provides a quantitative form to the 
question of “why do we exist”.  
 
*[16] Application to Condensed Matter Physics 

One of the most remarkable and surprising achievements in string theory is the AdS/CFT (anti 
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de-Sitter/conformal field theory) correspondence. The AdS/CFT correspondence and its generalization 
argue that quantum gravity (or string theory) in a certain spacetime is equivalent to a quantum field theory 
which lives on its boundary. This reveals a remarkable fact that gravity can be rewritten as a theory without 
gravity, so called holographic principle. Therefore this radically changes our idea of gravity and spacetime. 
This will be crucial to understand Planck scale physics, which is responsible for the origin of our Universe. 

T. Takayanagi studied what will happen if a CFT is defined on a manifold with boundaries (called BCFT) 
and discovered a beautiful construction of its holographic dual (called AdS/BCFT) {16}. This new 
formulation of holography allows us to prove the g-theorem, which is a boundary analogue of the 
c-theorem. He was an invited speaker at strings 2011 conference as because of this work. 

The AdS/CFT correspondence offers us a very convenient method to study strongly interacting quantum 
systems. This is because when quantum gravity effects are suppressed, the string theory becomes 
equivalent to strongly coupled gauge theories according to the AdS/CFT. This allows us various applications 
of AdS/CFT to various problems in condensed matter systems. For example, one of the most interesting 
problems in condensed matter physics will be the high Tc  superconductors. It has been well-known that 
there exists a special metallic phase when one heats up a high Tc superconductor, called the strange metal 
phase. This phase has unusual properties such as an anomalous specific heat and conductivity, which 
differs from the standard metal (Landau Fermi liquids). N. Ogawa, T. Ugajin and T. Takayanagi succeeded 
a systematic study of strange metal phases by using AdS/CFT [26]. They proved that a metallic phase 
always becomes a strange metal in strongly coupled large N gauge theories. This analysis has been done by 
introducing a novel quantity called entanglement entropy, which can be regarded as a new order parameter 
of quantum systems. Since this paper initiated an application of holographic entanglement entropy to 
condensed matter physics, it has been appreciated internationally and has earned more than 120 citations. 
Indeed, their method has been employed several times by a famous condensed matter theorist; Subir 
Sachdev (Harvard), to study a novel phenomenon called hidden Fermi surfaces. 

The AdS/CFT is also powerful when we are interested in dynamics again various excitations in strongly 
coupled quantum systems. To study this aspect, a useful quantity is the entanglement entropy. J. 
Bhattacharya, M. Nozaki, T. Takayanagi and T. Ugajin found that the entanglement entropy satisfied an 
analogue of first law of thermodynamics [Phys. Rev. Lett. 110 (2013) 091602]. M. Nozaki, T. Numasawa 
and T. Takayanagi formulated the replica method calculation for localized excitation in CFTs and evaluated 
the time evolution of entanglement entropy for free scalar CFTs for the first time [Phys. Rev. Lett. 112 
(2014) 111602]. M. Miyaji, T. Numasawa, N. Shiba, T. Takayanagi and K. Watanabe constructed a CFT 
dual of bulk locally excited state by employing ideas based of emergent spacetime from quantum 
entanglement [Phys.Rev.Lett. 115 (2015) 171602]. M. Miyaji, T. Numasawa, N. Shiba, T. Takayanagi and K. 
Watanabe studied a holographic dual of the quantity called quantum information metric and found that it 
is well approximated by the volume of time slice in a gravity dual [Phys. Rev. Lett. 115 (2015) 261602]. 

When symmetries are reduced all phenomena in the Universe are characterized by the universal concept 
called spontaneous symmetry breaking that earned Yoichiro Nambu the Nobel Prize. The famed Higgs 
boson, discovered at the LHC, condensed in the Universe when the gauge symmetry of the standard model 
was reduced. Many supernovae result in neutron stars where the number symmetry is broken. Similarly, 
water freezes to ice when the translation symmetry is broken to lattice symmetry, and a piece of iron 
becomes a magnet when electron spins align and their rotational symmetry is broken. Even though these 
phenomena had been known for half a century, H. Murayama, working with a condensed matter physicist H. 
Watanabe, were first to discover a universal theory that applied to all of them [27]. The correct 
mathematical language turned out to be presymplectic structure on homogeneous spaces, where the 
mathematics allowed them to classify possibilities and make precise predictions on numbers of the gapless 
excitations called Nambu-Goldstone bosons and their characteristics. This result spawned seven papers so 
far including four Physical Review Letters, one selected for Editor’s suggestion and Physics Synopsis.  

 
2-1.5 Why do we exist? 

This is a complex and rich question. We see the following concrete approaches to address it: 
(a) Origin of asymmetry between matter and anti-matter. It may come either from neutrinos or the 

quark sector. 
(b) Formation of stars and galaxies and their subsequent evolution. 
(c) Assembly of galaxies from smaller objects. 
(d) Planet formation. 
Even though all of these are exciting subjects, we made a conscious decision to leave out (d) because 

we cannot cover everything. The area (c) was initially not anticipated, but as a result of initial investigations, 
large-scale survey instruments such as SuMIRe discussed earlier can address (b) and (c) at the same time, 
and hence (c) is now included in our strategy. 

It was our own PIs (M. Fukugita and T. Yanagida) who proposed the theory that neutrinos are 
responsible for creating asymmetry between matter and anti-matter. Therefore it is crucial to understand 
the properties of neutrinos. This is approached from underground, accelerator, and astronomical surveys. 
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*[17] Neutrino Properties 
Neutrinos are the only known particles that may not be 

distinguished from anti-particles. This nature is thought to be a key 
to unravel the big mysteries in particle physics and cosmology, 
particularly “the matter dominance in the Universe”. So far, the only 
viable experimental approach to study this is a search for 
neutrino-less double beta decay (0νββ). The primary milestone is an 
examination of the previous claim by a 76Ge detector, called 
Klapdor-Kleingrothaus (KK) claim. 

KamLAND-Zen utilizes the established and existing large ultra-low 
radioactive environment and instruments of KamLAND. It holds the 
world’s largest amount of ββnuclei (320 kg of 90% enriched 136Xe) as 
xenon-loaded liquid scintillator in a mini-balloon at the very center of 
KamLAND. The project has achieved the world’s largest exposure, 
89.5 kg yr, of 136Xe and the world’s best sensitivity in 2012. The 
obtained best lower limit for the 0νββ half-life, 1.9×1025 yr at 90% 
C.L (Fig.6) or 3.4×1025 yr if combined with the EXO-200 result, can 

be converted to the effective Majorana neutrino mass of 120-250 meV as an upper limit [28]. The wide 
allowed range comes from the theoretical uncertainty of the nuclear matrix element (NME). None of the 
available modern calculations of NME provided consistent half-lives between the combined 136Xe 0νββ 
half-life limit and the finite half-life of 76Ge 0νββ from the KK-claim. It resulted in the 97.5% C.L. exclusion 
of the KK-claim and passed the primary milestone. After the achievement, xenon-loaded liquid scintillator 
has been replaced with new liquid scintillator loaded with distilled xenon in order to reduce the most 
dominant background 110mAg. The replacement reduced the silver background by about a factor of about 20 
and total xenon loading has been increased to 380 kg. The performance of the new phase has been 
demonstrated in Neutrino 2014 conference. And the results with 534.5 days live-time until the extraction of 
the mini-balloon by the end of October 2015 is being prepared for publication. The expected sensitivity is 
about a factor of 5 better than that of the already-world-best previous results. 

S. Saito, M. Takada and A. Taruya developed a perturbation theory of large-scale structure formation for 
a mixed dark matter model containing cold dark matter and massive neutrinos (S. Saito, M. Takada, A. 
Taruya Phys. Rev. Lett. 100 (2008) 191301; Phys. Rev. D 80 (2009) 083528). Since massive neutrinos 
have a large free-streaming scale as a consequence of the thermal Big Bang history, they imprint a 
characteristic signature in the clustering features of galaxies. They compared the perturbation theory model 
to the galaxy power spectrum measured from the SDSS, and then derived an upper bound on the sum of 
the three-flavor neutrinos, given as mν,tot<0.81eV (95% C.L.) [29]. The analysis includes marginalization 
over nuisance parameters to model the effect of possible nonlinear galaxy bias. Since an N-body simulation 
for a mixed dark matter model is still challenging and the perturbation theory is known to serve as an 
accurate model in the weakly nonlinear regime, their constraints can be considered as one of the most 
robust neutrino mass constraints. S. Saito is now a member of the core team in the SDSS collaboration, and 
he and his collaborators obtained an improved constraint of neutrino mass with the Data Release 11 data of 
the SDSS-III BOSS (F. Beutler, S. Saito et al., Mon. Nott. Roy. Astron. Soc., 444 (2014), 3501-3516).     

 
*[18]: Evolution of Galaxies 

K. Bundy is a PI of Mapping Nearby Galaxies at 
APO (MaNGA) galaxy survey, which began in July 
2014 as part of the SDSS-IV and is obtaining integral 
field spectroscopy for an unprecedented sample of 
10,000 nearby galaxies. Roughly 3000 unique 
galaxies will be observed when the current observing 
season ends in summer 2016. MaNGA’s first data 
release, planned for July 2016, will be the largest 
ever publicly available sample of galaxies with 
resolved spectroscopy. The overview paper is 
published in 2015 [30]. K. Bundy and E. Cheung 
made an important discovery in early MaNGA data of 
a new class of elliptical galaxies that harbors signs of 
energy input from winds driven by accreting supermassive black holes. These winds may represent a 
long-sought feedback mechanism thought to suppress star formation in elliptical galaxies.  Their 
discovery paper of these “red geysers” will appear in Nature [31]. Fig. 7 shows an example red geyser.   

How have galaxies, objects directly seen with a telescope, been formed in the ΛCDM paradigm of 
hierarchical structure formation? This is an important, yet unresolved problem in cosmology. Understanding 
the formation history and evolution of galaxies requires that we probe the mass and shape of the dark 
matter halo and understand how these quantities shape the growth and assembly of observed stellar and 

Fig.6. Energy spectrum of selected candidate 
events together with the best-fit remaining 
backgrounds, and the 90% C.L. upper limit 
for 0νββ decays. 
 

Fig. 7. Using MaNGA data, K. Bundy and E. Cheun have discovered 
unexpected outflows, “red geysers,” in elliptical galaxies that may 
explain a big mystery: why ellipticals don’t form stars. 

SDSS-IV MaNGA: Mapping Nearby Galaxies at APO
Resolved 2D spectroscopy for 10,000 galaxies.  An order-of-

magnitude leap in our knowledge of galaxy structure.

Principal Investigator: Kevin Bundy (Kavli IPMU Asst. Prof.) 
Team: Over 300 people, 60 institutions worldwide 
Status: Over 2300 galaxies observed. All fully reduced and calibrated.

Other Publications: 5 technical, 3 early-science, 11 publications expected in 2016 
    Project Overview: Bundy et al. 2015, nearly 70 citations 
Science: Over 50 projects posted and ongoing
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Figure 2. Ionized gas outflow and cold gas inflow. The top row reproduces
the SDSS gri image of the quiescent host and its H↵ EW map. Overplotted
on the H↵ EW map is the Na D contours from the bottom row. The middle
row displays the [O III] 5007 and [O II] 3727 EW maps, with the H↵ and
Na D EW contours overplotted. The bottom row plots the Na D 5890, 5896
EW map and the LOS velocity of the Na D-absorbing structure. Again, the
H↵ EW contours are overplotted. The Na D absorbing material is primarily
redshifted with respect to the galaxy, indicating that cold gas is flowing into
the galaxy.

mation that should be occurring in the quiescent host.
Interestingly, we detect H↵ flux throughout the quiescent

host. But as we showed above, this H↵ emission is not from
star formation. To understand the source of this H↵ emis-
sion, we first inspect the H↵ EW map of the quiescent host in
the center-right panel of Fig. 1. This map reveals narrow, bi-
conical features that extend to the limits of the MaNGA data,
which is more than 1 Re of the galaxy. A similar pattern is also
present in the [O III] 5007 and [O II] 3727 emission lines (mid-
dle row of Fig. 2), both of which are shock indicators, suggest-
ing that the ionization source may be fast shocks. Testing this
scenario, we compared the line ratios induced by fast shocks
to the line ratios in the H↵ EW feature, which are marked by
the black boxes in the line ratio maps (top row of Fig. 3) and
the black points in the BPT diagrams (middle row of Fig. 3).
Indeed, fast shock models with twice the solar atomic abun-
dances, shock velocities of 200-400 km s-1, magnetic fields
of 0.5-10 µG, and preshock densities of unity are consistent
with our data (Allen et al. 2008). The presence of shocks is
further supported by the large variations in the line ratio maps,
suggesting a tumultuous ionization source.

While fast shocks may be the direct ionization source, the
underlying source of these EW features is still unresolved.
From the image of the interaction in Fig. 1, it is tempting to
associate these EW features with the tidal stream. However,
while the spatial correspondence is undeniable, we argue that
these ionized gas EW features are not due to inflows from the
tidal stream, but are rather, due to outflows driven from the

Figure 3. Line ratio maps and diagnostics. The top row shows log [N II]
6583/H↵, log [O III] 5007/H�, and log [S II] 6717,6731/H↵ line ratio maps,
with contours of H↵ EW overplotted. The middle row plots the [N II] 6583
and [S II] 6717,6731 BPT diagrams; median error bars are shown in the bot-
tom right. Overplotted are shock models from Allen et al. (2008), and the
black points correspond to the spaxels highlighted by black boxes in the top
row. The bottom row displays the resolved [N II] 6583 and [S II] 6717,6731
BPT maps, i.e., each spaxel is colored by its location on their respective BPT
diagram.

nucleus.
Our most compelling evidence for this scenario is the com-

parison between the kinematics of the ionized gas to the
escape velocity (vesc) predicted through Jeans axisymmetric
modeling (JAM, Cappellari 2008). The comparison is dis-
played in the lower left panel of Fig. 1; it shows that the veloc-
ities of the ionized gas (vgas) of the highlighted spaxels reach
±300 km/s—velocities that are significantly higher than the
escape velocity, indicating that the ionized gas is unbounded
to the quiescent galaxy. Moreover, the velocity dispersions
of the ionized gas (�gas) of the same spaxels are equal to or
higher than vesc, further suggestive of an outflow.

Furthermore, the �gas map in the lower right panel of Fig. 1
shows a complex structure with uniformly high �gas through-
out the quiescent galaxy, signs of an AGN outflow (Greene et
al. 2011). Moreover, the symmetry of the gas velocity field
is inconsistent with a tidal stream: tidal tails have asymmetric
fields ???.

Another line of evidence against inflows is the disparate
�gas of the interacting galaxies: �gas values of the compan-
ion (center left panel of Fig. 1; �gas ⇠ 100 km/s) are much
lower than that of the quiescent host (�gas ⇠ 200 km/s). If the
ionized gas of the host comes directly from the tidal stream, it
should have similar gas velocity dispersions ???.

Finally, simulations cannot reproduce velocity fields...
Therefore, we believe these EW features are due to shocked

MaNGA: shocked gas mapColor image of elliptical galaxy

Using MaNGA data, Bundy 
and Kavli IPMU postdoc, 
Edmond Cheung, have 
discovered unexpected 
outflows, “red geysers,” in 
elliptical galaxies that may 
explain a big mystery: why 
ellipticals don’t form stars.

DISCOVERY OF RED GEYSERS AT IPMU: 	
Cheung, Bundy, et al. accepted to Nature
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gaseous material. A. Leauthaud, K. Bundy and their collaborators 
tackled this problem by combining all the available observables, weak 
gravitational lensing, galaxy clustering and the stellar mass estimate of 
each galaxy from the COSMOS datasets, with ΛCDM based N-body 
simulations [32]. As shown in Fig.8, they found that the dark matter 
halo-to-stellar mass ratio, MDM/M*, varies from low to high masses, 
reaching at a minimum of MDM/M*~27 at M*=4.5×1010Msun, where the 
accumulated stellar growth (mostly for the central galaxy) has been 
most efficient in its history. This paper was tied for the 9th most highly 
cited paper in the field of astrophysics in 2012. With post-doc S. Saito, 
they have been extending this work to more massive galaxies using data 
from the Baryon Oscillation Spectroscopic Survey. 

J. D. Silverman and his collaborators extended the study of baryons 
within dark matter halos to even much smaller scales. They used the 
COSMOS data to identify close pairs of galaxies in both projected 
separation and redshift space (therefore the cleanest sample of 
physically close pairs), and showed that close pairs display an 
enhancement of active galactic nucleus (AGN) in such galaxies, as 
identified by the Chandra X-ray satellite, as compared to isolated 
galaxies of similar stellar mass [33]. Their results imply that close 
encounters between galaxies, at scales of 20 - 100 kpc, trigger gas 
accretion onto supermassive black holes in galaxy centers, at AU scales  
(~1013cm). This suggests a connection between physical processes 
occurring over almost 10 orders of magnitudes in their length scales.  

S. More, jointly with H. Miyatake (a former student in the Kavli IPMU) and M. Takada, presented the first 
observational evidence of halo assembly bias, which is the dependence of the large scale clustering 
amplitude of halos upon secondary parameters other than the halo mass, with a novel combination of 
clustering and weak lensing. The results need to be taken into account in future large scale studies of the 
universe. This paper was chosen as an Editor's suggestion for Physical Review Letters and gained 
significant media coverage as well [34].  

B. Ménard, M. Fukugita and their collaborators used the SDSS datasets to show a simultaneous 
detection of gravitational magnification and dust reddening effects, based on the measurement of a 
correlation between the brightness of ~85,000 quasars at z >1 with positions of 24 million foreground 
galaxies at z ~0.3 [35]. By utilizing the fact that the gravitational lensing effect is achromatic (independent 
of wavelength), they used the relative correlation strengths in different wavelengths in order to infer the 
reddening, therefore the amount of dust surrounding the lensed galaxy (host halos and large-scale 
structure). Cosmic dust is one of the most problematic ingredients in astronomy, but they thus developed a 
novel method to unveil the spatial distribution. They found that the radial profile of dust distribution is 
similar to that of dark matter from 10kpc to 10Mpc. The result implies a 
cosmic dust density of Ωdust~5×10-6, roughly half of which comes from 
dust in halos of ~L* galaxies (typical luminous galaxies). Thus their 
results put stringent constraints on the global dust production rate over 
the cosmic time [also see B. Ménard, M. Fukugita, Astrophys. J., 754 
(2012) 116].  

 
*[19] Formation of First Stars and Black Holes 

All elements heavier than lithium that make up everything 
surrounding us, including the Earth and our own body, are produced in 
stars and supernova explosions. We conduct theoretical and 
observational studies of formation of early stars and galaxies. One of the 
most important issues is the nature of the first generation of stars in the 
Universe. N. Yoshida and his collaborators perform state-of-the-art 
supercomputer simulations to study star formation in a chemically 
pristine gas left over from the hot Big Bang. The simulations include all 
the relevant physical processes on a first-principle basis [36]. For the first 
time, the entire formation process of a primordial star is followed in a 
self-consistent manner, from a diffuse gas through to the early stages as 
a star with thermonuclear burning (see Fig. 9).  

 
*[20] Supernovae and Evolution of Chemical Elements 

Supernova explosions, phenomena at the end of a certain class of 
stars, display rich observational signatures. However, the physics 
involved in supernovae remains unresolved. The team being led by K. 

Fig.8. The stellar-to-halo mass 
relation from z=0.2 to z=1. The solid 
line with the shaded gray region 
shows the result from this COSMOS 
study (A. Leauthaud et al., 2012) 
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Fig.9 UV radiation feedback from the 
primordial protostar. The spatial 
distribution of gas temperature (left), 
number density (right) and velocity 
(right, arrow) are shown in each panel. 
The four panels show snapshots at times 
when the stellar mass is M*=20Msun (a), 
25 Msun (b), 35 Msun (c), and 42 Msun (d). 
The elapsed time since the birth of the 
primordial protostar is labeled in each 
panel (T. Hosokawa et al. 2011) 
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Nomoto has been for many years the world leader in the research of 
supernovae. K. Maeda, K. Nomoto and their collaborators have 
conducted the Subaru observations of a carefully selected sample of 
supernovae remnants to study the nature of supernova explosions in 
combination with numerical simulations (see Fig. 10) [37]. Type Ia 
supernovae (SNe Ia) form an observationally almost uniform class of 
stellar explosions, in that more luminous objects have slower 
decline-rate. This one-parameter behavior allows SNe Ia to be 
calibrated as cosmological “standard candles”, leading to the 
discovery of an accelerating Universe. The Kavli IPMU team, however, 
revealed that the true nature of SNe Ia is more complicated. The 
observational data for some of SNe Ia imply a signature of an 
asymmetric explosion, which is also indicated by numerical 
simulations suggesting that the initial thermonuclear sparks are 
ignited at an offset from the center of the white-dwarf progenitor.  

G. Folatelli, M. Bersten, K. Nomoto and others found evidence of a 
hot binary companion star besides a yellow supernova 2011dh, which 
had become a bright supernova. They predicted the existence of the 
companion star on the basis of numerical calculations. This finding 
provides the last link in a chain of observations that have so far 
supported the team's theoretical picture for this supernova. The 
results are published in The Astrophysical Journal Letters and have 
wide implications for our knowledge of binary systems and supernova mechanisms [38]. 

The supernova relic neutrinos (SRN) are a diffuse neutrino background originating from past 
supernovae. This signal has not been observed, but it is expected to lie in the 10~30 MeV energy range, in 
the gap between the energy of solar and atmospheric neutrinos. The search for SRN was performed by 
Super-Kamiokande (SK) and a flux upper limit was obtained to be between 2.8 and 3.1/cm2/sec with a 
total positron energy above 16 MeV, which is within a factor of 2 to 5 of the model predictions [39].  

At present, the SK detector can detect only positrons efficiently, but if it could detect neutrons then the 
background constraining the SRN search would be greatly reduced. Such a reduction could be attained via 
coincidence detection of positrons and neutrons. By adding 0.2% gadolinium sulfate (Gd2(SO4)3) into the 
water tank, this goal can be achieved because gadolinium has a thermal neutron capture cross section of 
49,000 barns (about 5 orders of magnitude larger than that of protons) and emits a gamma cascade of 8 
MeV that can easily be detected by SK.  

In order to study the effect of dissolving gadolinium (Gd) in the SK tank, an R&D project called EGADS 
(Evaluating Gadolinium's Action on Detector Systems) is being conducted in the Kamioka mine since 2009, 
led by M. Vagins [40]. Through the careful test of Gd effect, EGADS detector had conclusively 
demonstrated the feasibility of the Gd loading technique and technology. Even with 0.2% Gd2(SO4)3 in the 
PMT-equipped EGADS tank, its water transparency was maintained within the ultrapure water range seen 
in Super-Kamiokande, and furthermore no measurable losses of gadolinium have occurred. Based upon 
these impressive EGADS results, the SK Collaboration officially approved the proposal to load gadolinium 
into Super-K in June of 2015. This was followed by the January 2016 approval of the Gd-in-SK plan by the 
T2K Collaboration. Following the SK approval of the plan, preparatory work immediately began in the 
Kamioka mine; by September of 2015 a large new experimental hall had been excavated near SK to house 
the Gd-capable selective water filtration equipment. We now expect that SK will be loaded with gadolinium 
and taking data well before the end of 2019.   

The Gd-loaded EGADS facility continues to run and has been repurposed (and its acronym redefined: 
Employing Gadolinium to Autonomously Detect Supernovas) as the world’s most advanced supernova 
neutrino detector. It is now part of an astronomy consortium within Japan which aims to link various 
messengers – electromagnetic emissions, neutrinos, and gravitational waves – from highly energetic 
transient cosmic events. The stated goal of this new phase is to announce the arrival of supernova 
neutrinos in EGADS to the world within one second of the first neutrino’s arrival. This will be made possible 
due to the unmistakable “Gd heartbeat” generated by supernova neutrinos interacting in the detector. 

 
2-2. Research Environment Including Facilities and Equipment 
Describe the degree to which the Center has prepared a research environment appropriate for a world premier international research 
center, including facilities, equipment and support systems, and describe the functionality of that environment.  
 
A new research building for the Kavli IPMU designed by Prof. Hidetoshi Ohno was built in Kashiwa 

Campus (5,900 square meters) in January 2010. This building has helped us greatly in achieving 
interdisciplinary research. All the offices are lined up in a spiral from the 3rd to 5th floor, making the three 
floors effectively a single floor. This arrangement avoids the traditional problem that people on different 
floors rarely see each other. We intentionally mix people from different disciplines in the office allocation. It 

Fig.10 Relations between the features in the 
early- and late-phases of type Ia SN 
remnants. (a) Early-phase velocity gradient 
(vertical axis) as compared to late-phase 
emission-line shift velocity (horizontal axis). 
SN Ia sample displays a diversity of the 
observed features: low- and high-velocity 
gradients (LVG and HVG, respectively), and 
red- and blue-redshift (K. Maeda et al. 2010) 
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also makes everybody equal along the same spiral. The 53rd BCS (Building Contractor Society) prize and the 
Prize of Architectural Institute of Japan 2011 were awarded to Prof. Ohno and the builders. The laboratory 
space in the building has been used to assemble the Silicon Vertex Detector of the Belle II experiment as 
well as to test Photo Multiplier Tubes to design a future neutrino experiment. The Kavli IPMU Kamioka 
Satellite Office (500 square meters), which became available in March 2009, has been functioning as a base 
for the Kavli IPMU researchers working on Super-Kamiokande, KamLAND and XMASS. All of the partner 
institutions as well as the two Kavli IPMU satellites are connected via video conference system. They are 
used daily for seminars and discussion. The Kavli IPMU built a new 3-ton digital camera with 870M pixels 
called Hyper Suprime-Cam for a major cosmological survey together with NAOJ, Princeton, and ASIAA. 

We have built the underground laboratory in Kamioka on March 2008 where we have arranged 
Germanium detectors, a GC-MASS Spectrometer, an API-MASS Spectrometer and so on that are important 
devices to evaluate the radioactive contamination and to understand backgrounds of the detector 
components. They are commonly used by those who are working on the underground experiments. 

The 390m2 Kavli IPMU Library has a collection of over 15,000 books and journals. 90% of the collection 
is in all areas of mathematics as 100 years old math journals are still to be relevant. In the library we often 
find physicists consulting math literature to find language to describe their problem. 

 
2-3. Competitive and Other Funding 
Describe the results of the Center’s researchers to date in securing competitive and other research funding. 

  In Appendix 2-2, describe the transition in acquiring research project funding, and note any external funding that warrants special mention. 
 
H. Murayama received a research grant called FIRST (the Funding Program for World-Leading 

Innovative R&D on Science and Technology) selected by CSTP (the Council for Science and Technology 
Policy, Cabinet Office of Japanese Government). The project, SuMIRe (Subaru Measurement of Image and 
Redshifts) is a large-scale international survey project aiming at uncovering the origin and future of the 
Universe. N. Yoshida led a new CREST project funded by Japan Science and Technology Agency (JST) 
“Statistical Computational Cosmology with Big Astronomical Imaging Data”. H. Murayama received a JSPS 
Grant-in-Aid for Scientific Research on Innovative Areas “Why does the Universe accelerate? – Exhaustive 
study and challenge for the future –”. Y. Suzuki received research grants and has succeeded in constructing 
the world’s largest liquid Xenon detector (XMASS) in order to make an observation of Dark Matter in the 
underground experiment. K. Inoue received a research grant to construct a mini balloon inside the 
KamLAND detector and set limits on the lifetime of neutrinoless double beta decay. M. Nakahata received a 
research grant to build Evaluating Gadolinium's Action on Detector Systems (EGADS). He has built a 
200-ton scale model of Super-Kamiokande detector with 240 50-cm phototubes, and a novel selective 
water filtration system. M. Vagins received a research grant for modifying EGADS to detect neutrinos from 
nearby supernovae.  

 
2-4. State of Joint Research 
Describe the results of joint research conducted with other research organizations both in and outside Japan. 
 
Members of the Kavli IPMU collaborate widely with researchers from other research organizations. For 

instance, among the 40 most significant papers listed in Appendix 2, 28 of them involved collaborators at 
institutions outside Japan.  

The Kavli IPMU leads several large projects. The SuMIRe project is led by H. Murayama (core researcher 
PI), N. Tamura (project manger) and M. Takada (project scientist). It involves both physicists and 
astronomers from the Academia Sinica Institute for Astronomy and Astrophysics (ASIAA, Taiwan), Jet 
Propulsion Laboratory of NASA, Caltech, Princeton University, Johns Hopkins University, Laboratoire 
d’Astrophysique Marseille, Universidad Sa ̃o Paulo, the Laborato ́rio Nacional de Astrofi ́sica (Brazil), Max 
Planck Institute for Astrophysics, and a Chinese consortium. The underground experiments, KamLAND (led 
by K. Inoue), XMASS (led by Y. Suzuki) and Super-Kamiokande (led by Y. Suzuki and M. Nakahata), an 
accelerator experiment, Belle II, an accelerator-based long-baseline neutrino oscillation experiment T2K 
(Tokai-to-Kamioka), and a Cosmic Microwave Background Polarization experiment, POLARBEAR and 
LiteBIRD (led by M. Hazumi) are all operated by large international collaborations and have all except for 
LiteBIRD produced world class scientific results already.  

The UNIFY exchange program has two main scientific objectives; to gain new insights on the quantum 
mechanical description of the gravitational interaction and to explore recent developments in String Theory 
and Quantum Gravity in the fields of Cosmology, Black Hole Physics and Gauge Theory. UNIFY involves 
CNRS laboratories in Paris, Humboldt Univ. and the Albert Einstein Institute in Berlin, the Univ. of Santigago 
de Compostela, the Univ. of Porto, the Perimeter Institute for Theoretical Physics in Canada, the Yang 
Institute for Theoretical Physics at Stony Brook and Caltech in the USA, and the Kavli IPMU. UNIFY 
institutions have organized a number of thematic work programs and have exchanged researchers for the 
training of the next generation of theoretical physicists and have established long lasting collaborations 
among its partners. UNIFY plays an important role in Invisibles and the subsequent Elusives networks on 
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dark matter and neutrinos. In January 2016, the Kavli IPMU signed MOU with the Institute of Statistical 
Mathematics (ISM) to enhance a mutual partnership between astrophysics and statistics to analyze big data 
from Subaru using information statistics.   

 
2-5. Appraisal by Society and Scientific Organizations 
Describe how society and/or scientific organizations in and outside Japan have recognized the Center’s research achievements. 

  In Appendix 2-3, list the awards received and invitational lectures given by the Center’s researchers.  

Several members are recognized by international scientific organizations, including American 
Mathematical Society, Humboldt Foundation, American Academy for Arts and Sciences, the International 
Union for Pure and Applied Physics etc. Almost all the faculty members have invitations to major meetings. 

It deserves special mention that researchers at the Kavli IPMU were invited to write major review 
articles; K. Nomoto (with C. Kobayashi, N. Tominaga) wrote “Nucleosynthesis in Stars and the Chemical 
Enrichment of Galaxies” in Annual Review of Astronomy and Astrophysics, 51 (2013) 457-509, M. Kawasaki, 
K. Nakayama, “Axions: Theory and Cosmological Role” in Annual Review of Nuclear and Particle Science, 
63 (2013) 69-95, N. Yoshida (with V. Bromm) on “The First Galaxies” in Annual Review of Astronomy and 
Astrophysics, 49 (2011) 373-407, H. Ooguri (with R. Kitano, Y. Ookouchi) on “Supersymmetry Breaking 
and Gauge Mediation” in Annual Review of Nuclear and Particle Science, 60 (2010) 491-511, S. Petcov and 
K. Nakamura on “Neutrino mass, mixing and oscillations” in Review of particle physics, Physical Review, 
D86 (2012) 010001. 

The survey conducted by JSPS in April-July 2011 showed that more than 64 (39)% of the valid 
responses (313) sent to authors of papers in related fields and leading scientists selected by the program 
officers knew the name of the institute (Director). More than 70% of them answered that they feel 
“strongly interested” or that it “sounds appealing” to join research at the Kavli IPMU. 

 
2-6. Feeding Research Outcomes Back into Society 
 

2-6-1. Applications of research results  
Describe the applications created from research results, their effect in spawning innovation, intellectual properties (IPs) obtained, and 
joint research activities conducted with corporations, etc. 

Unprecedented requirements on instrumentation from our science lead to breakthrough devices that 
help the industry. Building the world’s largest camera and spectrograph has certainly required 
breakthroughs in technologies in many areas. Canon developed a new corrector lens to widen the field of 
view from 0.5 degrees to 1.5 degrees, with a high-precision aspherical lens. It enables a new production 
process for semi-conductors. The company has also built the lens barrel, which employs a ceramic material 
from Kyocera that achieves a significant reduction in weight and low thermal expansion coefficient suitable 
for space technology. The sensor was co-developed by Hamamatsu Photonics and NAOJ for a particularly 
good sensitivity in the red. The precision instruments should also prove critical in space deployments. 

 
2-6-2. Achievements of Center’s outreach activities 
If the Center has conducted its own unique outreach activities, describe those worthy of special mention.  

  In Appendix 2-4, list and describe media coverage, press releases, and reporting. 

The Kavil IPMU has been extremely active in the outreach to the general public and high-school students, 
because we believe our science would excite the public, improve the scientific literacy, and attracts the 
young minds to science, technology, engineering, and mathematics which are crucial for the future of the 
country. In March 2016, the Kavli IPMU hosted the public lecture “East and West View of the Universe”. Y. 
Nomura and a Chinese philosophy expert Takahiko Nakajima gave a talk and discussed about the East and 
West views of the Universe, and how physicists and philosophers view the cosmos. In Dec 2015, we held 1st 
Kavli IPMU-ELSI joint public lecture “Question of Origins” to discuss the origin of the Universe, life and Earth, 
the history of Science and concept of human. We mobilized more than 33,000 people in our outreach 
events, organized schools for high-school students, and female students in particular. We also attract keen 
attention from the media, both domestically and internationally. The number of the media coverage 
exceeds 2,300 so far. Nearly a million copies have been printed of popular books written by our members. 

The Kavli IPMU leads the Space Warps project. It is a citizen science project where everyone can be a 
part of real research on the Internet. Einstein predicted that massive objects, such as stars, would bend the 
space around them such that passing light rays follow curved paths. This is called strong lensing. To date 
human beings are better suited in distinguishing the lens features from other objects that look like lenses. 
As cosmic surveys are getting bigger we have asked citizen scientists to help find such lenses. We received 
over a million classifications within one week of the project launch with the help of over 5,000 registered 
users. The group led by A. More discovered 29 new lens candidates from the CFHT Legacy Survey based on 
about 11 million classifications performed with the help of citizen scientists (More et al. MNRAS 455 (2016) 
1191-1210). Some keen citizen scientists have mastered tools to make models for lenses to understand 
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them further. 
 

3. Research Activities (within 3 pages) 
 

3-1. State of Strategic (or “Top-down”) Undertakings toward Creating New 
Interdisciplinary Domains 
 
Teatime is held at Piazza Fujiwara on the third floor from three o’clock everyday, as the only duty for 

members of the Institute. All researchers including visitors are required to join the teatime. It is considered 
an important opportunity for researchers to meet each other, talk to scientists from different fields, discuss 
science in a relaxed atmosphere and come up with new ideas. The building itself is designed from the 
ground up to promote interdisciplinary activities as described in 2-2. 

All faculty members in all fields are involved when hiring new faculty members, interviewing the 
candidate, attending the talks, and discussing the suitability. This is considered important for the 
candidates also because they get to know all faculty members, not just ones in their field of interest. 
Whether a candidate can take an interdisciplinary approach to research is one of the most important 
considerations at the time of hiring. Newly arrived faculty members and postdocs introduce themselves at 
all-hands meetings. The Kavli IPMU does not have departments for each discipline; the operation of the 
Institute avoids compartmentalization. 
 

3-2. State of “Bottom-up” Undertakings from the Center’s researchers toward 
Creating New Interdisciplinary Domains 
 
In order to encourage interdisciplinary research, the Kavli IPMU has been regularly holding joint 

seminars of different fields. There are three kinds of these joint seminars: institute-wide colloquia, 
mathematics-string (MS) theory seminars, and astronomy-cosmology-particle physics (ACP) seminars 
(afterward renamed APEC seminar by adding experimental physics). In the MS Seminar, we invented a 
creative format: introduction to non-experts in the first 25 minutes, a 5 minutes break, and the technical 
seminar in the final 60 minutes. It was observed that this format improved the mutual understanding to a 
great extent. We are always keen to improve the format further, constantly monitoring its effectiveness. In 
addition, there are less formal seminar series to enhance specific areas of interdisciplinary subjects. They 
include: Topological String Seminar (organizer: K. Hori and K. Saito), DMM Seminar (organizer: Y. Toda and 
H. Uehara). Here “DMM” stands for “Derived category, Mirror symmetry and McKay correspondence”. We 
also started the mathematics-astronomy seminar in fall 2011 to enhance the collaboration between 
mathematicians and astronomers to develop new mathematical approaches in the gravitational lensing 
analysis and extract maximum amount of information from the data.  

We specifically designate select colloquia as “interdisciplinary”, intended for the entire Institute. This is a 
result of a few years’ trial-and-error in order to provide common ground on important topics for all 
members. For example, on July 4, 2012, a large fraction of members, including astronomers and 
mathematicians, watched the webcast announcing of the discovery of the Higgs boson. Motivated by this 
development, on April 24, 2013, T. Yanagida explained the Higgs boson after its confirmation on March 14, 
2013. It was highly appreciated by all members. 

The Kavli IPMU has hosted a number of interdisciplinary workshops. A collaboration between string 
theorists at the Kavli IPMU (H. Ooguri) and condensed-matter physicists at ISSP (Oshikawa) emerged from 
Focus Week “Condensed Matter Physics Meets High Energy Physics” which was jointly organized by the 
Kavli IPMU and ISSP in February 2010. Their joint paper “Instability in Magnetic Materials with a Dynamical 
Axion Field” was published in Physical Review Letters. In May 2015, the Kavli IPMU and ISSP held an 
international workshop on condensed matter physics & AdS/CFT to bring together world-leading experts 
from condensed matter physics, gravity and string theory. There has also been intriguing and fruitful 
interaction between the field of homological algebra and algebraic geometry (mathematics) and that of 
two-dimensional quantum gauge theories (physics) at the workshop “Homological Projective Duality and 
Quantum Gauge Theory”. Another Workshop “Geometry and Physics of the Landau-Ginzburg Model” dealt 
with an important model in the study of supersymmetric quantum field theory and superstring theory. The 
workshop “Curves and Categories in Geometry and Physics” provided a forum for mathematicians working 
on geometry and physicists working on string theory. The Workshop “Particle Physics of the Dark Universe” 
dealt with dark matter, which is obviously a common problem in particle physics and cosmology. 32 
mathematicians and 34 physicists attended a Focus Week on new invariants and wall crossings held in May 
2009. Participants of the Kavli IPMU Workshop on Black Holes, which was held in February 2011, discussed 
a wide range of topics regarding black holes, from their astronomical observations to their quantum 
properties in superstring theory and loop quantum gravity. A number of leading researchers got together 
and spent ample time discussing different aspects of the black holes. In Nov 2014, the Kavli IPMU hosted 
an interdisciplinary symposium “Frontiers of Theoretical Science – MATTER, LIFE and COSMOS –” 
organized jointly with Riken ITHES (interdisciplinary Theoretical Science Group) and Osaka TSRP 



The University of Tokyo -19 
Kavli IPMU 

(Theoretical Science Research Project). The research cooperation is founded on two bilateral agreements 
between the Kavli IPMU and iTHES and between Osaka TSRP and iTHES respectively to pursue theoretical 
study on a broad range of science. K. Saito and T. Kohno held a workshop “Towards Quantum Primitive 
Form Theory” as a joint program of the Kavli IPMU and the Frontiers of Mathematical Sciences and Physics 
(FMSP) program. The workshop covers recent developments related to period maps for primitive forms.  

We believe that collaboration between statistics and astronomy would prove successful, given the 
anticipated large data sets from HSC and PFS surveys. We held a workshop entitled “Statistical Frontiers of 
Astrophysics” to start exploring the connection. Furthermore, we started a new JST CREST program jointly 
with the Institute of Statistical Mathematics, U. Tsukuba, and NTT communications in October 2014. In this 
program, we are exploring a new frontier field of “astrostatistics” combining statistics with astrophysics to 
analyze the big data amounting 25 trillion pixel data from Subaru telescope in HSC project.  
 

3-3. Results of Research in Fused Research Fields 
Describe the Center’s record and results by interdisciplinary research activities. 
  In Appendix 3, list the main papers published (up to 20 papers) on the Center’s interdisciplinary research and provide a description of 

each of their significance.  
 
One of the Center's aims is to bring physicists and mathematicians together to develop new formulations 

of the fundamental laws of Nature. However, an important fact is that physics and mathematics have very 
different purpose –– not only the language but also the way of thinking are extremely different at the deep 
level. The researchers brought together are of course aware of this difference, and have been continuously 
making an effort to overcome the difficulty coming from the difference. Thus Mathematics and Physics are 
not meant to be fused. The WPI working group quoted C.N. Yang (Nobel Laureate in Physics) from his talk 
at the Newton Institute: “Mathematics and Physics are like dual seed leaves. They are overlapping. When 
they grow, the intersection becomes larger but this is because each leaf becomes larger. They never 
become one leaf” in their report from the 2011 site visit. We completely agree. We do not attempt to erase 
the boundaries between experimental physics, theoretical physics, astronomy and mathematics, while 
strongly encourage and pursue steady communication for mutual inspiration between the disciplines. As a 
result, we see increasingly active interactions between mathematicians and physicists, which led to 
publications. A partial list is given in Appendix 3. In addition, there are unanticipated types of 
interdisciplinary activities. Given the importance of differential geometry in Einstein’s theory of relativity, 
which in turn is crucial for cosmology, we see impact of pure differential geometry and topology in 
understanding data from telescope observations. Furthermore, we will try to enhance the connection 
between the two in terms of statistics needed for analyzing large-scale data anticipated from HSC and PFS. 

From the outside, theoretical physics and mathematics might look deceptively similar: both use 
mathematical equations, for example. But in reality, the researchers in the two fields speak two rather 
different languages, having diverged during the last 200 years of the developments in each field. Therefore, 
it requires a highly non-trivial effort to translate a physics conjecture into a well-formulated mathematical 
one, or to translate a mathematical proof back into physical theories. To carry out this translation, the Kavli 
IPMU is an ideal environment, as there are always theoretical physicists and mathematicians at the same 
time, both eager to communicate with each other. 

For this purpose, we have a couple of key “interpreters”: Y. Tachikawa, K. Hori, and H. Ooguri. In the 
spring semester of 2012, Y. Tachikawa gave a series of informal lectures on the basics of the 
Alday-Gaiotto-Tachikawa conjecture at the Kavli IPMU, to facilitate the discussions between physicists and 
mathematicians. During the lectures, there was often a lively debate between the speaker and the audience 
how to best translate a physics concept into a mathematical language. Thanks to this lecture series, Y. 
Tachikawa has become known not just to mathematicians at the Kavli IPMU but to the mathematical 
community at large as a physicist who can speak in the language of mathematicians; this led to his being 
invited to many lectures in mathematics departments at other universities, and to many talks at the 
mathematics conferences. There is not yet any published paper that directly arose from this activity; this 
type of interdisciplinary cross-talk requires many years of preparation to result into a scientific paper. At 
least, an unpublished version of the lecture notes are available at Y. Tachikawa’s webpage, hosted by the 
Kavli IPMU. Y. Tachikawa comes back the Kavli IPMU as a full professor in 2016.  

Recently, there has been revived activity to exactly compute partition functions of supersymmetric field 
theories on curved manifolds, using “supersymmetric localization”, i.e., cancellation between the 
path-integrals of bosonic and fermionic variables. Members of the Kavli IPMU played dominant roles in 
obtaining exact results in two-dimensional supersymmetric gauge theories, which are particularly important 
since the superconformal fixed points in the infrared limit can be used as the worldsheet theories of 
superstrings. In {4}, M. Romo and collaborators observed that the partition function on the two-sphere, 
computed by F. Benini et al. (2012) and Doroud et al. (2012), determines the Kähler potential on the moduli 
space of string vacua. This is a paper written jointly by physicists and mathematicians. K. Hori and M. Romo 
then computed the partition function on the hemisphere and the result provides a general exact formula for 
the central charge of the D-brane placed at the boundary [24]. In {9}, R. Eager, K. Hori and Y. Tachikawa 
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computed with F. Benini the partition function on the two-torus and obtained a general formula for the 
elliptic genus. K. Hori and J. Knapp {13} used these results to test the duality [23] to obtain useful 
information of the theory. These results could not have been obtained without the Kavli IPMU. Indeed, the 
computation of the two-sphere partition function by F. Benini et al. and Doroud et al. were partly motivated 
by K. Hori's work [23]. On the other hand, using techniques in string theory, A. P. Braun, Y. Kimura and T. 
Watari classified elliptic fibrations modulo isomorphism on K3 surface with large Picard number {14}. 

There are also papers in mathematics inspired by physics. Y. Toda introduced the notion of Gepner-type 
Bridgeland stability conditions on triangulated categories inspired by Gepner construction of Calabi-Yau 
background on worldsheet conformal field theories {5}. This paper draws heavily from the physics 
literature of H. Ooguri et al, and acknowledges K. Hori. K. Saito proposed a new approach to the geometric 
theory of discrete groups based on Ising model in physics {6}. M. Yamazaki (physics) and Y. Oshima 
(mathematician) studied the representation theory of a mathematical object known as a parabolic Verma 
module, which has application to the representation theory of higher-dimensional conformal field theories 
in physics {12}, as discussed in his paper arXiv:1601.04072[hep-th]. 

As encouraged by the working group, we also ventured into interdisciplinary research with condensed 
matter physics. Partly as a result of a workshop jointly organized with the neighboring Institute for Solid 
State Physics on the same campus, H. Ooguri published a paper with condensed matter physicist M. 
Oshikawa {15}. An axion is a hypothesized particle that is also a candidate for dark matter of the Universe. 
They pointed out that there is an axion-like excitation in magnetic material that causes instability and 
screens the applied electric field. They showed how this effect can be realized experimentally. H. Ooguri, in 
collaboration with a mathematician, M. Marcolli, and graduate students, J. Lin and B. Stoica made 
significant progress in understanding how holographic spacetime emerges from information-theoretic data 
on the boundary {20}. In particular, they discovered a formula to express the local energy density in the 
gravitational theory using quantum entanglement data in the boundary theory. Their paper has been 
accepted for publication in Physical Review Letters with distinction as Editor's Suggestion. H. Murayama 
produced a series of papers with a condensed matter physicist H. Watanabe (also with a nuclear physicist T. 
Brauner) including four Physical Review Letters {18}. Even though it has been known for more than half a 
century that a spontaneous breaking of continuous symmetries lead to gapless excitations called 
Nambu-Goldstone bosons (NGBs), there was no universal theory that determined the number and behavior 
of these excitations. After the authors solved this problem in [28], many applications emerged. For instance, 
the authers clarified how the combination of internal and spacetime symmetries lead to a reduced number 
of NGBs due to an operator relation they called Noether constraints. A vortex lattice in rotating 
Bose-Einstein condensates clearly exhibits this phenomenon. Some gapped states can also be studied 
exactly, akin to the BPS states in supersymmetric gauge theories {17}. T. Takayanagi developed a powerful 
technique to compute entanglement entropy using the holographic dual of boundary conformal field theory 
{16}. This allowed a holographic construction of quantum Hall effect, and led to a large body of works 
including [27]. 

An unanticipated interdisciplinary activity emerged between astronomy and mathematics. We have a 
clear focus on the HSC imaging survey on the Subaru telescope to study cosmology using gravitational 
lensing. Lensing occurs because of the curvature of spacetime due to the presence of a mass distribution of 
(mostly) dark matter. How a background image is distorted by the foreground mass distribution is a 
well-defined question in differential geometry, and even exact results on the number of lensed images had 
been obtained using the Gauss-Bonnet theorem. M. Werner, with background in both astronomy and 
mathematics, found a new geometric method to determine the deflection of light in the equatorial plane of 
the Kerr solution using the Gauss-Bonnet theorem {1}. He further developed a novel mathematical model 
for the distribution of cosmic voids together with astrophysicists {2}. Recent wide-field galaxy surveys show 
that the large-scale galaxy distribution appears as complex network of filaments and voids of various 
physical sizes. They proposed that the geometrical concept of a four-dimensional de Sitter configuration of 
spheres in Euclidean 3-space can be used to describe the number density of cosmic voids as observed. 
Advanced tools in geometry are also crucial in applications to black holes {19} and dark matter.  

The best illustration of interdisciplinary activity appeared at our regular teatime. R. Quimby, an 
astronomer who discovered a class of the brightest supernovae called superluminous supernovae, was 
puzzled by a claim by the US-based Pan-STARRS group that the observed supernova PS1-10afx was a yet 
brighter new type. He realized immediately that the light curve and spectra resembled standard type-Ia 
supernova, while it was 30 times brighter. M. Werner pointed out it was mathematically possible to obtain 
this magnification by gravitational lensing if there is an unobserved object exactly along the line of sight 
towards the observed supernova. Such a possibility appeared implausible in practice. However M. Oguri, a 
physicist with experience working with large data sets from SDSS, estimated quickly that there is about one 
chance in the Pan-STARRS data set. Together with other supernova experts at the Kavli IPMU, they 
published this interpretation based on this teatime discussion. It was controversial for a while because the 
Pan-STARRS group stood by their original claim. About a year later, long after the supernova faded away, R. 
Quimby et al. used the 10m Keck-I telescope to observe the host galaxy, and could prove that there is an 
unresolved faint galaxy in the foreground exactly along the line of sight {3}. This result was published in 
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Science and was covered by more than 80 media internationally. 
 

4. Research Environment (within 4 pages) 
 

4-1. International Circulation of Best Brains 
 

4-1-1. Center’s record of attracting and retaining top-world researchers from abroad  
Describe the participation of top-world researchers as PIs and the residing of joint researchers at the Center. 
  In Appendix 4-1, give the number of overseas researchers among all the Center’s researchers, and the yearly transition in their 

numbers. 
 

From the development stage, we had a firm belief that the key to gaining international recognition is to 
bring top-level leaders and talented young researchers from around the world, and to create an 
environment in which researchers in different fields learn each other’s languages and work together toward 
common goals. We have established such a fascinating research environment here at the Kavli IPMU. It 
functions as the center for the “brain circulation.” In 2015, all 19 Principal Investigators (five international: 
26%) are world-leading scientists. A. Bondal is a leading expert and a founder of the theory of derived 
categories. This theory has an enormous influence on various areas of mathematics, mathematical physics, 
and string theory. He holds a joint professorship at the Kavli IPMU and stays six months a year. S. 
Katsanevas’s scientific interests include neutrino physics and astroparticle physics. He is now the Director of 
the Astroparticle Physics and Cosmology (APC) laboratory, Université Paris Diderot, Paris 7. He plays a 
crucial role in bridging the Kavli IPMU and European community together. D. Spergel is one of the best 
theoretical astrophysicists in the world. He is a member of HSC and PFS executive committees as well as 
our Scientific Advisory Committee of the Kavli IPMU. He is Chair of the Department of Astrophysical Science 
at Princeton University, and helps us with administrative aspects as well. He comes to the Kavli IPMU a few 
times a year. H. Sobel is one of the leaders in neutrino physics in the world. He participates actively in 
Super-Kamiokande and T2K experiments and visits Kamioka Branch several times a year.  

A large fraction of our researchers is international, and many of our members are considered as world 
class. Out of 259 member researchers including faculty members, postdoc, long-term visitors and graduate 
students, 91 (35%) are international. If we count the number of researchers paid with WPI funds, out of 57 
researchers 27 (47%) are international. On average about 800 researchers per year visit us. The numbers 
of visitors each year are (multiple visits in a given year are counted as one) 
 2007 2008 2009 2010 2011 2012 2013 2014 2015 
total 168 372 432 862 630 835 1017 928 801 
international 65 103 345 478 392 497 544 471 505 

Many of these visitors are world-class scientists. To keep the Kavli IPMU as a hub of exciting intellectual 
exchanges, we invited many prominent researchers to stimulate young researchers. Nobel laureates in 
Physics, George Smoot (2010), Jerome Friedman (2011), David J. Gross (2009 & 2011), Brian P. Schmidt 
(2012), Gerard ’t Hooft (2015), and Fields Medalists Shing-Tung Yau (2009), Maxim Kontsevich (2010), 
Edward Witten (2014) visited us to give lectures and seminars. Freeman Dyson (2014), IAS professor 
emeritus and a well-known for his books as well as a physicist, visited us to give seminars to our 
researchers. It must be also noted that Fabiola Gianotti (2013), the former spokesperson of the ATLAS 
experiment at LHC and now the Director-General of CERN, Lisa Randall (2014) from Harvard, well-known 
for her theory of warped extra dimensions and a popular author, visited us to give seminars to our 
researchers and public lectures as outreach activities to encourage participation of women in science. 

We attract topnotch scientists. For example, we are very proud that we could attract M. Kapranov, a full 
professor at Yale, to one of our first tenured positions. Given his well-known status as a leader in higher 
category theory and driver behind many important mathematical concepts recently, this is a significant 
boost of our international standing. His activity at the Kavil IPMU is kept going for the coming extension 
period. We could recruit M. Hartz, a neutrino experimentalist, despite Wilson Fellow offer from Fermilab, 
one of the most prestigious positions in experimental particle physics in the US. We successfully retained K. 
Bundy and A. Leauthaud, a couple of astronomers, against an offer of tenured Lecturer positions at 
Portsmouth, and S. More, also an astronomer, against two tenure-track offers from India. Note that he 
came initially as a five-year postdoc turning down the Hubble Fellowship, the most prestigious postdoc 
position in astronomy in the US. These are testaments of our exciting research program that cannot be 
done elsewhere in the world. In addition, we retained our faculty members against offers from other 
Japanese institutions: Y. Toda, M. Takada, T. Abe. 

 
4-1-2. Employment of young researchers at the Center and their job placement after 

leaving the Center 
Describe the Center’s employment of young researchers, including postdoctoral researchers, and the positions they acquire after 
leaving the Center. 
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  In Appendix 4-2~4, enter the following: 
- The state of international recruitment for postdoctoral researchers, applications received, and selections made 
- The percentage of postdoctoral researchers from abroad 
- The positions that postdoctoral researchers acquire after leaving the Center 

 
Our policy for mobilizing and circulating the world’s best brains is to recruit the brightest young people 

as post-doctoral researchers and provide them with the best research environment so that they can realize 
outstanding accomplishments during their three-year term at the Kavli IPMU and become strong candidates 
for either faculty positions or other post-doctoral positions at prestigious research institutions. Every year 
we have about 700 applications on average, mostly (90%) from abroad. The number of new postdoctoral 
researchers hired with WPI funds is 18 annually on average, mostly (80%) from abroad. By the end of FY 
2015, we hired 139 postdocs and 102 (73%) are non-Japanese. About 40 postdoctoral researchers are 
resident at the Kavli IPMU on average. 

There are several key ingredients in attracting this many applications and recruiting. The first is to make 
the hiring cycle commensurate with the West, namely advertised in the fall, offers in winter, and 
appointments in the early fall. We made a special deal with academicjobsonline.org as the first non-US 
institution to use the system. We also developed our own system for online job application database, which 
is now used at other Japanese institutions. Our offer letters include detailed description of our policy and 
support system, in addition to salary levels competitive with leading institutions in the US.  

For faculty hiring, we follow practice in the US. We “beat the bushes” to attract as many applications as 
possible by advertising the positions heavily through publications, web, and through personal connections 
to senior scientists around the world. We treat the candidates as VIPs, because the candidates are on 
sellers’ market, not on buyers’ market; as many of the candidates on our short lists are also being 
considered at other leading institutions, making them feel welcome and wanted is a crucial element of 
recruitment. Candidates on the short lists are invited for talks, and interviewed individually by our faculty 
members for 30-60 minutes each. While we evaluate the strengths of the candidates, we also convince the 
candidates on the strength of the research environment we have and on how well they will be supported 
through their careers. The terms are negotiated. We also make effort to find positions for spouses as much 
as we can. 

It is clear that an affiliation at the Kavli IPMU is now a successful career path. Of 139 postdocs we hired 
107 had left the Kavli IPMU, some before expiration of the three-year term. We have been able to recruit 
postdocs from a large number of research institutions in the world and many of them have been recruited 
from top-level research institutions such as Harvard, Princeton, MIT, UC Berkeley, Caltech and Chicago in 
US, University College London, Amsterdam, Ludwig-Maximilians, and ETH in Europe, and top-level research 
institutions in other regions such as Seoul National U, U of Chile, U of Sao Paulo, and TIFR. Out of the 107 
postdocs who left the Kavli IPMU, 44 found a faculty position (McGill, Arizona State, Iowa State, Chonnam 
National, Zhejiang, Hong Kong, San Diego State, South Dakota, Tata Institute of Fundamental Research, 
Indian Institute of Science, Chulalongkorn, APCTP/POSTECH, Yokohama National, Kobe, Kyushu, Tohoku, 
Kyoto, Tsukuba University, Tokyo University of Agriculture and Technology, NAOJ, Rikkyo, KEK, Hiroshima, 
Nagoya, Osaka and others), and 52 found another postdoc position at prestigious institutions such as CERN, 
Princeton, IAS, Cambridge, Imperial College London, Caltech, Stanford and Max-Planck Institute. 

As for young faculty members, F. Takahashi was recruited as Associate Professor at Tohoku University, 
K. Maeda as Associate Professor at Kyoto University, A. Mikhailov as Assistant Professor at Universidade 
Estadual Paulista - Instituto de Fisica Teorica, São Paulo, Brazil, N. Yoshida as the youngest Full Professor at 
Faculty of Science at UTokyo and now a joint appoint with the Kavli IPMU, T. Takayanagi as the youngest 
Full Professor at Yukawa Institute for Theoretical Physics (YITP) at Kyoto University, S. Sugimoto also as 
Full Professor at YITP, S. Mukohyama also as Full Professor at YITP, Y. Tachikawa as Associate Professor at 
Faculty of Science at UTokyo. Y. Tachikawa comes back to the Kavli IPMU as a full professor in 2016.  

 
4-1-3. Overseas satellites and other cooperative organizations 
  In Appendix 4-5, describe the state of the Center’s agreements concluded with overseas satellites and other cooperative 

organizations.  
 

The Kavli IPMU’s UC Berkeley Satellite was established on Berkeley campus in December 2009 based on 
a comprehensive academic exchange agreement that was signed by UTokyo and University of California 
Berkeley, brokered by Director Murayama. It provides a framework for conducting collaboration between 
the Kavli IPMU and Berkeley in a wide range of fields involving particle physics, cosmology and 
mathematics. Activity is taking place in the field of particle theory involving string theory and 
phenomenology. Further collaboration in Sloan Digital Sky Survey (SDSS) is going on at the Berkeley 
satellite. It also facilitates our finding candidates in the US for the post of Kavli IPMU staff researchers. 

H. Murayama spends a half of his time at the satellite during his stay at Berkeley that is 30% a year, and 
supervises overall activity with the help of two Research Directors, T. Yanagida of the Kavli IPMU and L. Hall 
of Berkeley. The team consists of 7 other faculty members, and approximately 10 postdoctoral fellows and 



The University of Tokyo -23 
Kavli IPMU 

20 students. Y. Nomura, L. Hall, H. Murayama and S. Rajendran collaborate with T. Yanagida, S. Matsumoto 
and M. Nojiri in particle phenomenology, and M. Aganagic, R. Bousso, O. Ganor and P. Hořava, with H. 
Ooguri, K. Hori and S. Hellerman in string theory. 

As the results of the Satellite activity, two or three collaborative papers have been published annually. 
Also, more than ten researchers at the Kavli IPMU and the Satellite are visiting mutually for further 
collaborative research. 

There are 16 other cooperative organizations covering the fields of mathematics, physics and astronomy 
including Princeton University in the USA, Deutsches Elektronen-Synchrotron (DESY) in Germany, TRIUMF in 
Canada and Tsinghua University in China. TRIUMF and the Kavli IPMU made a new and creative agreement 
on a promising joint position established in 2012. Based on this agreement, in 2013, one prominent 
postdoctoral researcher from Toronto University won the tenure-track assistant professor position at the 
Kavli IPMU and started his research in a neutrino physics experiment.  In addition, we have a number of 
agreements on research projects by international collaborations, including SDSS III and IV, interim Palomar 
Transient Factory (iPTF), Prime Focus Spectrograph (PFS) on Subaru telescope under the Kavli IPMU’s 
leadership, and others. 

 
4-2. Center’s Record of Holding International Symposia, Workshops, Research 

Meetings, Training Meetings and Others 
  In Appendix 4-6, describe the main international research meetings held by the Center. 
 
From the starting stage of the WPI program, the Kavli IPMU has hosted many conferences, workshops 

and seminars every year. The numbers of major international research meetings hosted by the Kavli IPMU 
were; 4 in 2007, 7 in 2008, 12 in 2009, 16 in 2010, 12 in 2011, 11 in 2012, 15 in 2013, 13 in 2014, 17 in 
2015, respectively. Focusing in 2015, 506 (38%) out of the 1341 total participants who attended 17 
meetings came from foreign institutions. The subjects that were covered in these meetings and the 
speakers were carefully selected so as to keep the timeliness of topics and the discussion highest quality. 
Among these international meetings, “Condensed Matter Physics Meets High Energy Physics” (2010; 200 
participants 40 from abroad), “CLJ2010: from Massive Galaxy Formation to Dark Energy” (2010; 160 
participants 107 from abroad), “Primitive forms and related subjects” (2014; 81 participants 41 from 
abroad) are the examples of those with highly exciting and stimulating quality, “JGRG14: The 24th 
Workshop on General Relativity and Gravitation” (2014, 172 participants, 20 from abroad), “Kavli IPMU – 
RIKEN iTHES – Osaka TSRP Symposium: Frontiers of Theoretical Science – MATTER, LIFE and COSMOS – ” 
(2014, 111 participants, 31 from abroad), and “International Workshop on Condensed Matter Physics 
AdS/CFT” (2015, 121 participants, 41 from abroad). 

At the same time, Kavli IPMU researchers presented numerous seminars and talks at both foreign and 
domestic institutions and conferences. These activities helped to raise the visibility of the Kavli IPMU in the 
international community. 

We have also made impact on globalization of the graduate programs at UTokyo. Our faculty has already 
contributed to the graduate programs at Department of Physics and Department of Mathematical Sciences 
through supervision of graduate students and lectures on voluntary basis. We partnered in two Programs 
for Leading Graduate Schools, one for “Frontiers of Mathematical Sciences and Physics” (FMSP) and the 
other “Advanced Leading Graduate Course for Photon Science” (ALPS).  It presents opportunities for 
interdisciplinary research to graduate students at UTokyo within our international and interdisciplinary 
environment. For example, Kavli IPMU-FMSP Tutorial Workshop “Geometry and Mathematical Physics” 
(2013) was attended by about 50 participants, mostly young researchers and graduate students. Another 
Kavli IPMU-FMSP workshop “Supersymmetry in Physics and Mathematics” (2014) discussed primitive forms 
and related subjects in exceptional singularities in geometry and field theory. All lectures were given in 
English providing important training to young researchers and graduate students. In addition, our 
international faculty lectured on scientific writing in English in Department of Physics, a very popular course 
among graduate students. So far more than 110 students took the course.  

 
4-3. System for Supporting the Research Activities of Overseas Researchers 
Describe the Center’s preparations to provide an environment conducive for overseas research to concentrate on their work, including for 
example living support in various languages or living support for their families.  
 
The Kavli IPMU is proactive in helping international researchers with life in Japan, so that they can 

kick-start and concentrate on their academic research. Support consists of the assistance needed to get 
their life in Japan started such as: 

• Obtaining Certificate of Eligibility and Professor Visa before arrival. 
• Extensive orientation about life in Japan and at the Kavli IPMU, such as a deposit and key money in 

keeping with the Japanese custom, grant application systems, etc. 
• Resident’s registration at local municipal office; our staff accompanies to the municipal office for 

foreign resident’s registration procedure. 
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• Finding housing; we have made arrangements with real-estate offices with English-speaking staff 
and our staff often accompanies the visits to properties, and signing contracts. 

• Opening a bank and credit card account; many banks do not offer English application forms. 
• Obtaining a cell phone; a staff helps them signing a contract. 
• Day Care on the campus; staff explains how on-campus day care works, in particular phone calls 

when breast-feeding is needed. 
• Various needs in daily life, including emergency health care and pregnancy. 
• Free “survival Japanese” lessons to newly arriving international researchers and their family to 

kick-start their life in Japan. They are also welcome to take more advanced classes if interested. 
We subsidize the full-time researchers a half of the tuition at international schools; this is important 

since children experience great difficulty in Japanese public school system. Our staff has been visited by 
many research organizations as a model of support for international researchers. 

Concerning visitors, it is necessary to help them with mundane but non-trivial problems they encounter 
during their stays. We prepared the Kavli IPMU website in English and Japanese with useful information for 
both visitors and employees for professional and daily living issues including safety. This attempt was well 
appreciated by the University, and the Kavli IPMU Administrative Division was honored UTokyo President’s 
Award for Operational Improvement and business transportation three times, in 2008, 2013 and 2015. In 
addition to the items mentioned above, the University has made a special effort to provide housing for Kavli 
IPMU researchers. The Kashiwa International Guesthouse was opened in March 2010 where the Kavli IPMU 
was allocated 16 units. To further enhance living support, the Kavli IPMU has made a contract with 24-hour 
service center for foreigners. 

It should be noted that the Kavli IPMU administration helps researchers to prepare application forms for 
research grants. We conduct training session how to write successful grant proposals, and provide help on 
forms that are supposed to be filled in Japanese. This encourages researchers to secure the research 
funding such as Grant-in-Aid without any serious barriers.  

 
4-4. Others 
Describe the Center’s policy for sending Japanese researchers overseas to gain international experience, and give examples of how the 
Center is working to create career paths for its researchers within a global environment of researcher mobility. 
 
The Kavli IPMU has a policy that all full-time researchers have to spend one to three months abroad 

each year. This policy provides an ample opportunity, especially for young members, to expose themselves 
by giving talks at conferences and seminars abroad. This greatly helps them to raise their visibility in the 
international community and opportunity for subsequent career developments. We provide 500,000 yen of 
research support annually, which is intentionally insufficient to pay for the entire trips. The young 
researchers are supposed to contact host institutions on their own to arrange support and opportunities for 
talks. Otherwise they are simply “guests” and may not be paid enough attention. This approach is clearly 
successful given the fraction of our postdocs moving on to other academic positions. The large number of 
international visitors is also helping them with exposure; some American postdocs remarked that they met 
far more famous scientists here at the Kavli IPMU than at a typical American University. 

This also helps young researchers to learn about the international landscape of research and learn 
information for career paths. One young postdoc researcher at the Kavli IPMU moved to IAS in Princeton 
and after years, he came back to the Kavli IPMU as a faculty member. Later on, he moved to IAS again for 
further collaborative research activities while keeping his position at the Kavli IPMU.  

Other good examples of researcher mobility through the Kavli IPMU, those are: 
1. One mathematician, Scott Carnahan, came to the Kavli IPMU as a postdoc after having received Ph.D. 

from UC Berkeley and a teaching experience as a lecturer at MIT. After two years of research at the Kavli 
IPMU, he was appointed as a tenure-track assistant professor at Tsukuba University.  

2. Another case is a new idea to stimulate the researcher’s mobility, based on the agreement between 
TRIUMF and the Kavli IPMU. For the first five years, an applicant can work in the both laboratories with 
a certain job effort as a tenure-track. After five years, an applicant can choose one of the laboratories for 
a permanent position. In 2013, one prominent postdoc, Mark Hartz, won this new position and started 
research under the condition of 75% at the Kavli IPMU and the rest at TRIUMF.  

3. A former Kavli IPMU postdoc and mathematician, Marcus Werner, obtained Hakubi assistant professor 
position in Kyoto University, contributing to globalization of Japanese academia.  

4. Another former Kavli IPMU postdoc, Ivan Ip, became an assistant professor in the Department of 
Mathematics in Kyoto University. 
We also actively compete for additional resource from funding agencies to support our young 

researchers to obtain experience and exposure abroad. One program from JSPS provided ¥86M to send 88 
members abroad, and 16 among them stayed abroad longer than two months.  

Our JSPS proposal “Program for Advancing strategic international networks to accelerate the circulation 
of talented researchers” was accepted. This program promotes exchanges of talented young researchers 
between the Kavli IPMU and world-top class foreign universities/institutes for long-term. 
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5. Reforms (within 3 pages) 
 

5-1. Decision –Making System in the Center 
Describe the strong leadership that the director is giving the Center’s operation and its effect, and the division of roles and authority 
between the Center and its host institution. 
 
The Director continues to uplift the Kavli IPMU by recruiting very best scientists from all over the world, 

and promoting the science that is carried out at the Kavli IPMU in both scientific community and public 
sector. Toward achieving this goal, the Director receives advice at different levels from the Executive Board 
(EB), Steering Committee (SC), Scientific Advisory Committee (SAC), and External Advisory Committee 
(EAC).  

The EB, consisting of the Director, two Deputy Directors, Associate Director and the Administrative 
Director, is held regularly, typically once a month, to ensure smooth operation and swift decision making on 
daily matters. The members of the EB also take an important role when the Director makes direct access to 
the office of the University President.  

The SAC members are two Deputy Directors, Associate Director and five PIs. They advise the Director on 
hiring new faculty, budgeting for research, and setting research strategies of the Kavli IPMU. The EAC 
members, consisting of seven internationally well-known outstanding experts, meet at least once a year, 
and provide valuable advice to the University President on the activities and achievement at the Kavli IPMU. 

In January 2011, the Todai Institutes for Advanced Study (TODIAS) was established and the Kavli IPMU 
became the first institute (5-3. System reforms advanced by WPI program and their ripple effects). This 
introduced no difference in the decision-making system of the Kavli IPMU. The SC, consisted by members 
of the EB and a couple of PIs, serves as the personnel committee for faculty and reports the decisions to the 
TODIAS Steering Committee. TODIAS is renamed UTIAS in April 2015. 

On February 1, 2014, the Office for Research Strategies was opened, with the support UTokyo, reporting 
directly to the Director in order to strengthen the research activities by pursuing the external funds. A new 
university research administrator (URA) was hired to start the office activities. 

 
5-2. Arrangement of Administrative Support Staff and Effectiveness of Support 

System 
Describe the assignment of the Center’s administrative support staff who have English language and other specialized skills, effort made 
in establishing the support system, and the system’s effectiveness. 
 
From the beginning, the Director eagerly desired to establish a “Utopia for researchers” to make the 

environment where international researchers could devote all their attention to research. Many bilinguals 
were hired as administrative supporting staff to help international researchers to start their lives in Japan. 

In 2015, the number of administrative staff is 41, of which 31 are in the category of research support 
staff of the Kavli IPMU, in contrast with the 10 staff that belong to the administrative bureau of the 
University. The daily administrative matters are handled by the administrative division that is supervised by 
the Administrative Director with the help of the General Manager. There are 11 staff members in the 
general affairs section (including 3 public relation specialists, one URA and one secretarial staff), 3 in the 
accounting section, 10 in the international relations section (including one in charge of conference, one 
Japanese language class instructor and one for specific project), 3 in the financing section, 3 in the 
purchasing section, 4 in the Kamioka Satellite office, 2 for computing and website, 1 for the library and 2 for 
documentation. 

Out of 41, a half of staff members are bilingual (two of them trilingual), and three have background in 
particle physics. This team handles all logistics for newly arriving staff and visitors, in particular those from 
abroad. The team helps organizing international conferences and workshops, and filing research grant 
applications and other paperwork. They are also responsible for organizing various public outreach 
activities such as public lectures, publication of the Kavli IPMU NEWS magazine, and updating the Kavli 
IPMU website covering a wide variety of information.  

The public relation officers manage press releases and press conferences in a timely fashion with a good 
relationship with the public relation office of UTokyo and the Kavli Foundation. We have built a system to 
work with international media outlets, and are members of interactions.org, an international organization 
of major particle physics laboratories acting as an outlet to the global media. Currently, we post press 
releases to EurekAlert! in the US, managed by AAAS, AlphaGalileo in Europe, and ResearchSEA in Asia.  

Two staff members have skills in computing support including managing servers. One staff member is 
an artist helping scientists with visualization for publications and press release material. Another staff 
member is a musician and organizes a chamber orchestra for our members. A member has background in 
finances with very good human skill and works with donors to attract private donations. 

As proposed by the Director at the beginning of the Kavli IPMU, the daily teatime at three o’clock is now 
a “healthy” habit of the Kavli IPMU residents encouraging informal and interdisciplinary discussions among 
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them. The administrative staff assists a systematic arrangement for this activity every day. Discussions 
during the teatime often stimulate the researcher to publish interdisciplinary papers. 

 
5-3. System Reforms Advanced by WPI Program and Their Ripple Effects 
Concisely itemize the system reforms made to the Center’s research operation and administrative organization, and describe their 
background and results. Describe the ripple effects that these reforms have on the host institution. (Describe the ripple effects on other 
institutions.) 
 
It must be stressed that UTIAS is a quite crucial system reform stimulated by the WPI program. In 

January 2011, UTokyo established the TODIAS (afterward renamed as UTIAS) and approved the Kavli IPMU 
as the first member institute within this new and permanent organization. This was the drastic organizational 
reform since 1949 at UTokyo. It was established as a university-wide organization and comprises research 
institutes, each demonstrating its function as a world-leading center of knowledge, aiming to enhance the 
University’s academic excellence as a whole and further advance its internationalization. 

The UTIAS structure enabled the Kavli IPMU to request operating funds from MEXT, giving the Kavli IPMU 
a means to acquire resources to sustain itself permanently. In FY2015, the UTIAS received five permanent 
posts (to be nine post in FY2016) to guarantee the outstanding research and education in the research 
division. 

When launched by WPI program in October 2007, the (Kavli) IPMU was given a status of “special district” 
within UTokyo where top-down management, flexible hiring system and merit-based salary system had 
been made possible. Inspired by the WPI program and stimulated by real experiences inside the Kavli IPMU, 
UTokyo have intensified the following system reforms to make the Kavli IPMU a world-leading institute: 

 
• Merit-based salary scale 
• Joint (split) appointments  
• Tenured position with non-traditional external funding 
• Nenpo system (no traditional bonus or retirement benefit with higher pays and mobility)  
• Flexible management of positions 
• Assist by bilingual administrative staff 
• Kavli endowment and naming 

 
Director Murayama is actually the first example of a split appointment with an institution outside Japan, 

as well as of a merit-based salary. For example, one professor, N. Yoshida, started a split appointment 
between the Faculty of Science and the Kavli IPMU with split effort of 60/40%. Also another professor, M. 
Hazumi, made a joint appointment between KEK and the Kavli IPMU with split effort of 80/20%. A tenure 
track assistant professor, M. Hartz, was hired under a newly established joint TRIUMF-Kavli IPMU agreement 
as briefly mentioned in 4-4. 

All these reforms give high mobility for faculty, which could be a possible catalyst for destructing the 
compartmentalization in the university. The impact of this change will be felt not only in UTokyo but also 
across the nation with other institutions likely to make similar changes. 
 

5-4. Support by Host Institution 
The following two items concern the support that the host institution provides the Center, including those items of support that it 
committed to at the time of the initial project proposal submittal or in its revised commitment following the project’s interim evaluation. 
Describe the functional measures that the host institution has taken to sustain and advance the Center’s project. 
 

5-4-1. Record of host institution support and its effects 
  In Appendix 5-1, describe the concrete measures being taken by the host institution. 

 
At the time of the original proposal, UTokyo made many exceptions to the Kavli IPMU as a “special 

district” within the University: flexible salary system, longer appointments than traditional fixed-term 
positions, moving some PIs with advantageous arrangements with retirements from traditional 
departments, appointments beyond the retirement age, etc. UTokyo also committed to build the main 
research building specifically for the Kavli IPMU, and a new international lodge near the Kashiwa campus, a 
main residential facility for international researchers who have moved to the Kavli IPMU and short-term 
visitors. After the Kavli IPMU was established, it also provided extra assistant professor positions to aid PIs 
to be freed from duties to be involved in research at the Kavli IPMU. Former president Hamada made a 
decision to accept Kavli donation despite some concerns and oppositions within the University.  

As described in the previous section 5-3, the creation of TODIAS (afterwards UTIAS) in 2011 is 
outstanding support providing a permanent place for the Kavli IPMU within the University. Under this 
structure, UTIAS requested funding to MEXT to sustain the activity and won five permanent positions in 
UTIAS in 2015. Following the interim evaluation, UTokyo made several measures to make the Kavli IPMU 
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sustainable. The University provided the Kavli IPMU with 9 tenure positions of the President’s discretion. 
The University also secures 9 people from the administrative bureau of the University.  

More details on the concrete measures are described in Appendix 5. 
 
5-4-2. Position of the Center within the host institution’s mid-term plan 
  To Appendix 5-2, attach the cover sheets of the host institution’s “Mid-term objectives” and/or “Mid-term plan” and parts of these 

documents related to the WPI Center.  
 

In 2007, UTokyo's “first phase” mid-term research objectives included a statement, which says, “Actively 
promote the establishment and development of a core research facility”. The accompanying medium-term 
plan says “At the world’s top level research center, the ‘Institute for the Physics and Mathematics of the 
Universe’, intensively develop organizations to investigate the origin and evolution of the Universe through 
the collaborations of mathematics, physics and astronomy.” 

In 2010, the university’s “second phase” mid-term research objectives and mid-term plan was issued 
(revised partially in 2014). The action plan is much more general and says, “specifically, promote 
international research collaboration in the field of advanced astronomical scientific research, as well as 
develop the environment for education by inviting world-class researchers.” 

Also, based on the President’s Action Scenario FOREST2015, the University founded TODIAS in 2011 as 
a university-wide organization for the pursuit of academic excellence and globalization of research 
environment, and placed the Kavli IPMU in TODIAS. Under this action scenario, UTokyo is taking any means 
necessary to support the Kavli IPMU. 

In addition to the annual review by the WPI program committee, the University reviews us with an 
External Advisory Committee every year. The committee consists of world-leading scientists, currently 
chaired by Steve Kahn (Stanford, Director of Particle Physics and Astrophysics of SLAC) together with John 
Ellis (King’s College London, former Head of Theory Group at CERN), Young-Kee Kim (Chicago, former 
Deputy Director of Fermilab), Sadayoshi Kojima (TITECH), David Morrison (University of California at Santa 
Barbara), Sadanori Okamura (Hosei University, former Vice President for Research of UTokyo), Nigel Smith 
(Director, SNOLAB). Their report is transmitted to the President and Vice President of the University. 

 
5-5. Others 
Describe efforts advanced to foster young researchers (e.g., start-up funding, autonomous research environment) and to enlist female 
researchers. 
  In Appendix 5-3, give the transition in the number of female researchers. 
 
All postdoctoral fellows receive annual research fund of 500,000 yen from the Kavli IPMU. Researchers 

at or above professor rank receive startup fund according to their needs. Effective startup of their research 
activity is expected to win the Grant-in-Aid sooner to develop the research drastically. The Kavli IPMU 
organizes an instructing guidance how to win the Grant-in-Aid especially for the international researchers. 

To enlist female researchers, the Director, Deputy Directors, PIs and faculty members are making effort 
to showcase the excellent research environment and promising future in the Kavli IPMU on many occasions. 
In FY2013, A. Leauthaud, previously a Kavli IPMU postdoc, was appointed as an assistant professor, the 
first female faculty member. In addition, we now have four postdocs and one support scientist (A. More, M. 
Ishigaki, Y. Moritani, K. Hattori and T. Iwashita) as well as a graduate student, H. Niikura. In the case of A. 
More, a Kavli IPMU postdoc, her husband S. More was also hired as a faculty member at the Kavli IPMU. 
However, there is still only one woman PI (M. Nojiri). Continuous efforts to search for a new woman PI and 
to increase the number of female faculty members as well as the number of female researchers have been 
kept through every opportunity, e.g., international conferences, workshops, advertising research activities, 
and our fascinating intellectual environment including day nursering system in campus. To encourage more 
young female students to pursue science, the ICRR and Kavli IPMU invited junior-high and high school girls, 
and their parents, to hear from women researchers about their work, try experiments, and ask women 
researchers career questions.  

 
6. Others 
  In addition to the above 1-5 evaluation items, only if there is anything else that deserves mention regarding the center project’s progress, 

please note it. 
 

In 2012, IPMU was named after Mr. Fred Kavli by accepting a donation from the Kavli Foundation of the 
United States and establishing an endowment. The motivation to bear Kavli name was two-fold: 
endowment and prestige. Because of the steady and flexible endowment income that can be carried over 
fiscal years, it already allowed us to overstretch our finances to go aggressively after postdoc candidates 
and research objectives. The stable endowment income also allows us to acquire loan from UTokyo to help 
with cash flow in our research projects. The prestige factor is difficult to quantify, but it appears to have 
made a big splash within the community that the WPI institute was now recognized internationally with this 
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donation. This is the first research center in Japan named after a donor of endowment, a symbol of system 
reform. Fortunately, in FY 2015, the UTIAS won five (to be increased to nine in FY2016) permanent posts to 
guarantee the outstanding research and education in the UTIAS. The Kavli Foundation regards this 
progress as a result of vigorous support by UTokyo, and they decided to increase a donation as an effective 
matching fund. 

For UTokyo, of course, there has been no previous experience to accept endowment from a foreign 
foundation, so that it provided an opportunity for UTokyo to reexamine and reform the systems for 
managing donated funds. 

In 2014, the Kavli IPMU and Hamamatsu Photonics K.K. established the Endowed Research Unit: Dark 
Side of the Universe and K. Nomoto was assigned as the post of Hamamatsu Professor. 

One more activity resulting strengthened global visibility of the Kavli IPMU is following. In 2012, UTokyo 
has signed an agreement to deliver courses through online education provider Coursera, a rapidly growing 
Massive Open Online Course (MOOC) provider that offers courses online for anyone to take, for free. H. 
Murayama was chosen to be the first instructor of the MOOC courses to be provided by UTokyo. H. 
Murayama’s course was popular and signed up by nearly 50,000 people from more than 140 countries 
worldwide. H. Murayama delivered a speech titled “Science for peace and development today and 
tomorrow” at United Nations (UN) Headquarters on the occasion of CERN’s 60th anniversary. His spirit of 
founding the Kavli IPMU was broadcast on UN web TV. 

As a measure of our international visibility, we studied citation counts. The citation record obtained from 
Thomson Reuters' Web of Science, of the science and technology papers that the Kavli IPMU has produced 
since its launch in 2007 to 2015, shows, for instance, 229 (209) papers with more than 50 citations, and the 
number of citations per paper of 26.9 (20.4), with (without) review articles. These numbers are comparable 
to or better than those of world-leading institutes covering the similar research areas as our Institute, such 
as Institute for Advanced Study (Princeton), the Kavli Institute for Theoretical Physics (Santa Barbara), 
Yukawa Institute for Theoretical Physics (Kyoto), Perimeter Institute (Canada), and International Center for 
Theoretical Physics (Trieste), in the same period. 

Dr. France Córdova, Director of National Science Foundation (NSF) visited and exchanged frank opinions 
regarding the support to basic science. For a few days, a local journalist with no math background was 
invited to Kavli IPMU where he interacted with mathematicians in their daily work. His positive story on 
math was published in a national newspaper. We have since accepted another journalist from the USA. 

A painter was invited to the institute for a month. Researchers welcomed him, and attended his talk, 
workshop and studio tour. A public exhibition of art pieces based on his stay was popular with visitors. 
 
 

7. Center’s Response to Results of FY2015 Follow-up (including Site Visit Results)  
* Describe the Center’s Response to Results of FY2015 Follow-up. Note: If you have already provided this information, please indicate 

where in the report. 
 
FY 2015 Follow-up 
Regarding the reform on the way research is being done in Japan, the impact of Kavli IPMU could be even 
larger. The host institution’s commitment needs to be more proactive. The activities of Kavli IPMU should 
be used as a model to transform UTokyo as a whole and, in particular, its many research centers so that 
they will become more visible globally.  
 

We completely agree that the activities of Kavli IPMU should be used as a model to transform UTokyo. 
Under initiative of previous presidents, many system reforms have been triggered and realized, such as 
merit-based salary scale, joint appointments, Nenpo system, flexible management of positions, 
reinforced assist by bilingual staff and so on. In particular, joint appointments within UTokyo are now 
possible for all departments, which used to be restricted to UTIAS. President Gonokami’s vision already 
incorporates many of them. Under the initiative of President Gonokami, the new scheme to innovate 
fusion studies such as inter-faculty collaborative research intstitute (tentative name) is starting. The 
Graduate School of Science in UTokyo has established the Global Science Graduate Course (GSGC) to 
foster world-class science professionals by attracting excellent graduate students from universities all 
over the world. We will pursue it more in our second year.  
 

 
Kavli IPMU’s ambition to participate in large cutting-edge experiments is perfect, but the required technical 
support should be carefully determined and kept within budgetary limits. The technical people should 
remain as Kavli IPMU staff for longer periods than the theorists, who might more easily benefit from 
mobility to other institutions. 
 

Many faculty members on experiments have tenure and can work on long-term projects. We employ 
engineers through contract with companies and/or help from other institutes.  



The University of Tokyo -29 
Kavli IPMU 

 
 
The number of foreign PI should be increased; PIs should spend more time on site; the number of 
Japanese postdocs is too small (only one fourth); and the number of graduate students could be 
increased.  
 

Among 19 PIs in 2014, five PIs are international and six PIs are on site. For off site PIs, one foreign PI 
stays 6 months on site, other foreign PIs come two-three times annually to stimulate the research 
activities. For the Japanese off site PIs, also they come two to four times annually. In 2017, we envision 
26 PIs, among which eight PIs are international and 10 is on site. The ratio of on site PIs to all PIs will 
increase from 32% to 38%, but still we will strongly encourage off site PIs to spend more time at the 
Kavli IPMU. The vast majority of postdoc applicants are international and we select them by quality. In 
the current roster of postdoc, 28 international and 16 Japanese are from WPI funding (7 other 
Japanese from other funding).  
 
So far, only four faculty members have access to graduate students in physics and four more in math. 
Other faculty members seek students through different programs. By a new program to bring Oxford 
students, three students come this summer and at least three more next summer. By a new 
international graduate program with physics (GSGC), one student from China comes this fall.  

 
 
Utilizing the locational advantage of Kashiwa campus in the future, Kavli IPMU’s collaboration with 
Tsukuba University and other nearby institutions, as well as Chiba University, can be strengthened. This 
would push ahead reform further at the other institutions as well as at UTokyo. 
 

We collaborate with other institutions when both sides see it fit for research objectives. We have 
several research collaborations with Tsukuba University. Scott Carnahan, who is a mathematician and a 
former IPMU postdoc, is an affiliate member of Tsukuba University. Activity on statistics involves 
Tsukuba University with CREST funding.   

 
 
Site Visit Results 
 

On occasion of PD and PO visit on March 2016, the vice president Hotate clearly mentioned about 
UTokyo's commitment as follows: 
- Support to keep and enforce the present activity of the Kavli IPMU 
- 9 tenure positions of the president's discretion 
- guarantee MEXT awarded 5 tenure positions to UTIAS (9 positions in FY2016) 
- 9 permanent staff from the administration bureau of UTokyo 
- waive space charge  
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�
Biographical Sketch of a New Principal Investigator in FY 2015 

 

Name (Age) Masahiro Kawasaki (55) 

Current affiliation 
(Position title, department, organization) The University of Tokyo (Professor, Institute for Cosmic Ray Research) 

Academic degree, specialty Ph.D. in science, particle cosmology 

Research and education history 
 
2004 – Present: Professor, Institute for Cosmic Ray Research, the University of Tokyo 
1999 – 2004: Professor, Research Center for the Early Universe, the University of Tokyo 
1992 – 1999: Associate Professor, Institute for Cosmic Ray Research. the University of Tokyo  
1986 – 1992: Research Associate, Tohoku University  
1984 – 1988: Ph.D. Phys. Dept., the University of Tokyo 
1979 – 1984: B.A., Phys. Dept., the University of Tokyo 
 
Achievements and highlights of past research activities (Describe qualifications as a top-caliber researcher if he/she is 

considered to be ranked among the world’s top researchers.) 
 
 
Prof. Masahiro Kawasaki is one of the top researchers in the field of cosmology of early universe. He works on 
interplay between cosmology and particle physics called particle cosmology. His research subjects includes 
cosmological constraints on particle physics models, inflation models, baryogenesis, axion cosmology and 
generation of cosmological density perturbations.  
 
Achievements 
 (1) International influence 
a) Guest speaker, chair, director, or honorary member of a major international academic society in the subject field, b) Holder of a 
prestigious lectureship, c) Member of a scholarly academy in a major country, d) Recipient of an international award(s) , e) Editor of an 
influential journal  etc. 
 
Awards: Yukawa-Kimura Prize (2014) 
        Outstanding paper award of the Physical Society of Japan (2005) 
        Inoue Research Award for Young Scientists (1979) 
Membership: The Physical Society of Japan 
 
(2) Receipt of large-scale competitive fundings (over past 5 years) 
Scientific Research C (FY2013 – ), PI: Matter and the density fluctuations in the inflationary universe 
Scientific Research C (FY2010 – FY2012), PI: Study on evolution of scalar field in the early universe and its 
observational consequences 
Scientific Research on Innovative Areas (FY2009 – FY2013), co-PI: Quest for the ultimate theory on the basis of 
direct observations of the early evolution of the universe 
(3) Article citations (Titles of major publications, and number of citations.) 
 
“Big-Bang nucleosynthesis and gravitino”, Phys. Rev. D (2008), cited 317 times 
“Hadronic decay of late – decaying particles and Big-Bang Nucleosynthesis”, Phys. Lett. (2005), cited 397 times 
“Big-Bang nucleosynthesis and hadronic decay of long-lived massive particles”, Phys. Rev. D (2005), cited 607 
times 
“Can modified gravity explain accelerated cosmic expansion?”, Phys. Lett. B (2003), cited 466 times 
“Natural chaotic inflation in supergravity”, Phys. Rev. Lett. (2000), cited by 325 times 
“Gravitino production in the inflationary universe and the effects on big bang nucleosynthesis”, Prog. Theor. 
Phys. (1995), cited 363 times  
 
(4) Others (Other achievements that indicate qualification as a top-caliber researcher, if any.) 
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Appendix 1-2. Annual Transition in the Number of Center Personnel 
*Make a graph of the annual transition in the number of center personnel since the start of project. 
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Appendix 1-3. Diagram of Management System 
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Appendix 1-4. Campus Map 
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Appendix 1-5. Annual Transition in the Amounts of Project Funding 
�
*Make a graph of the transition in the number of overall project funding. 

�

exchange rate used: 1USD = 100JPY 
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World Premier International Research Center Initiative (WPI)

Appendix 1-6. FY2015�Project Expenditures (the exchange rate used:  1USD=121JPY)

i) Overall Project Funding

Cost Items Details Costs 
(10,000 dollars)

WPI grant 1063

Center director and Administrative director 29

Principal investigators (no. of persons): 9 71 Costs of establishing and maintaining facilities 0

Other researchers (no. of persons): 124 589
Establishing new facilities
(Number of facilities:  ,   m²)        Costs paid:

Research support staffs (no. of persons): 29 77
Repairing facilities
(Number of facilities:  ,   m²)        Costs paid:

Administrative staffs (no. of persons): 9 65 Others

Total 831
Gratuities and honoraria paid to invited principal investigators 
(no. of persons): 16

20 Cost of equipment procured 34

Cost of dispatching scientists (no. of persons): 1 1
Name of equipment: stainless container
Number of units:   1                     Costs paid:

1

Research startup cost (no. of persons): 54 21
Name of equipment: network switch
Number of units:   1                    Costs paid:

1

Cost of satellite organizations (no. of satellite organizations): 
1

20
Name of equipment: DELL server
Number of units: 1                       Costs paid:

1

Cost of international symposiums (no. of symposiums): 17 1
Name of equipment: turbo pump
Number of units:  3                      Costs paid:

3

Rental fees for facilities 182
Name of equipment: He leak detector
Number of units: 1                       Costs paid:

2

Cost of consumables 99
Name of equipment: workstation
Number of units: 1                       Costs paid:

1

Cost of utilities 27
Name of equipment: degital oscilloscope
Number of units: 3                       Costs paid:

5

Other costs 103
Name of equipment: power supply module
Number of units: 1                        Costs paid:

1

Total 474
Name of equipment: smart fan unit
Number of units:  1                      Costs paid:

1

Domestic travel costs 7
Name of equipment: power-supply crate
Number of units: 1                        Costs paid:

1

Overseas travel costs 39
Name of equipment: bias power supply
Number of units:    1                    Costs paid:

1

Travel and accommodations cost for invited scientists
(no. of domestic scientists): 15
(no. of overseas scientists): 176

25
Name of equipment: VME crate
Number of units:  1                      Costs paid:

1

Travel cost for scientists on secondment
(no. of domestic scientists): 6
(no. of overseas scientists): 11

4
Name of equipment: dry pump
Number of units: 1                       Costs paid:

1

Total 75
Name of equipment: network storage equipment
Number of units:  1                      Costs paid:

2

Depreciation of buildings 281
Name of equipment: digitizer
Number of units:  1                      Costs paid:

1

Depreciation of equipment 47
Name of equipment: small exhaust unit
Number of units: 1                        Costs paid:

1

Total 328 Name of equipment: network disk recorder
Number of units:  1                       Costs paid:

1

Projects supported by other government subsidies, etc. 1027
Name of equipment: mount server
Number of units:  1                       Costs paid:

1

Commissioned research projects, etc. 62
Name of equipment: extention of high speed 
network equipment
Number of units:  1                       Costs paid:

8

Grants-in-Aid for Scientific Research, etc. 434
Total 1523

3231

ii) Costs of Satellites and Partner Institutions

Cost Items Details Costs 
(10,000 dollars)

Principal investigators (no. of persons): 0
Other researchers (no. of persons): 7
Research support staffs (no. of persons): 0
Administrative staffs (no. of persons): 0

Total 18
Project activities 1
Travel 1
Equipment 0

Other research 
projects

0

20

The University of Tokyo Kavli IPMU

Total

Personnel

Ten thousand dollars 

Other research 
projects

Total

Project activities

Travel

Equipment

Personnel
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i) Overall Expenditures
* Describe a circle graph for cost items.

Cost Items Details Costs 
(10,000 dollars)

Center director and Administrative director 29

Principal investigators�(no. of person): 3 29

Other researchers �(no. of person): 71 341

Research support staffs �(no. of person): 27 77

Administrative staffs�(no. of person): 9 64

Total 540
Gratuities and honoraria paid to invited principal investigators�(no. 
of person): 16

20

Cost of dispatching scientists�(no. of person): 1 1

Research startup cost�(no. of person): 54 21

Cost of satellite organizations�(no. of satellite organization): 1 20
Cost of international symposiums (no. of symposiums): 10 1
Rental fees for facilities 182
Cost of consumables 54
Cost of utilities 21
Other costs 95

Total 415
Domestic travel costs 7
Overseas travel costs 38
Travel and accommodations cost for invited scientists
�(no. of domestic scientists): 15
�(no. of overseas scientists): 176

25

Travel cost for scientists on secondment
 (no. of domestic scientists): 6
 (no. of overseas scientists): 11

4

Total 74
Cost of equipment procured 34

Total 34
1063

ii) Costs of Satellites and Partner Institutions

Cost Items Details Costs 
(10,000 dollars)

Principal investigators�(no. of person): 0
Other researchers�(no. of person): 7
Research support staffs�(no. of person): 0
Administrative staffs�(no. of person): 0

Total 18
Project activities 1
Travel 1
Equipment 0

20

The University of Tokyo Kavli IPMU
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Appendix 2-1. List of Papers Underscoring Each Research Achievement 
* List papers underscoring each research achievement listed in the item 2-1 “Research results to date” (up to 40 papers) and provide a 

description of the significance of each (within 10 lines). 
* For each, write the author name(s); year of publication; journal name, volume, page(s), and article title. Any listing order may be used as long 

as format is the same. If a paper has many authors, underline those affiliated with the Center. 
* If a paper has many authors (say, more than 10), all of their names do not need to be listed. 
* Place an asterisk (*) in front of those results that could only have been achieved by a WPI center. 

 
*Research results 1: Modified Gravity 

 
*1. S. Mukohyama, “Scale-inariant cosmological perturbations from Hořava-Lifshitz gravity without inflation”, 
Journal of Cosmology and Astroparticle Physics, 0906 (2009) 001 
DOI: 10.1088/1475-7516/2009/06/001 
 
Based on the renormalizable theory of gravitation proposed by Hořava, this paper proposed a simple scenario 
to generate almost scale-invariant, super-horizon curvature perturbations. The anisotropic scaling with 
dynamical critical exponent z=3 implies that the amplitude of quantum fluctuations of a free scalar field 
generated in the early epoch of the expanding universe is insensitive to the Hubble expansion rate and, thus, 
scale-invariant. Those fluctuations are later converted to curvature perturbations by the curvaton mechanism 
or/and the modulated decay of heavy particles/oscillating fields. This scenario does not require inflation. Also, 
this scenario does not rely on any additional properties and thus works in any versions of the theory. This 
paper attracted more than 190 citations in INSPIRE database. 

 
*Research results 2: B-mode Polarization of Cosmic Microwave Background 
 
The objective of the LiteBIRD satellite mission is to test cosmic inflation and quantum gravity theories with 
unprecedented precision. With the mission’s full success, it can discover the direct evidence of the cosmic 
inflation in any models within a broad class called “large field” model and prove that the primordial 
gravitational wave originates in quantum fluctuations in the gravitational field. The Science Council of Japan 
selected the LiteBIRD project as one of the twenty-seven projects in the “Master Plan of Important Large 
Projects 2014”. It has received the “A” rating from MEXT for both importance and urgency categories in the 
roadmap 2014 for promoting the large research projects. To realize this exciting mission, the Kavli IPMU, 
Japan Aerospace Exploration Agency (JAXA) and High Energy Accelerator Research Organization (KEK) have 
recently agreed that the Kavli IPMU leads the scientific team and coordinates the effort to build the mission 
instrument while the project manager resides at JAXA and coordinates the LiteBIRD satellite project. 
 
 
*Research results 3: Pure Gravity Mediation and Theories of the Higgs Boson 
 
*2. M. Ibe and T. T. Yanagida, “The Lightest Higgs Boson Mass in Pure Gravity Mediation Model”, Physics 
Letters, B709 (2012) 374-380 
DOI: 10.1016/j.physletb.2012.02.034 
 
The Pure Gravity Mediation (PGM) was proposed just after when the strong evidence of the Higgs boson was 
discovered at the LHC in December 2011. This is the first paper of the PGM, in which it was shown that the 
observed Higgs boson mass about 125 GeV is naturally explained in the model. Furthermore, it was also 
stressed that there is no phenomenological and cosmological problems in the PGM. Because of its simple and 
beautiful structure of the SUSY breaking and mediation mechanism and its consistency with all experimental 
results, this PGM model has been widely accepted as the most motivated and interesting scenario beyond the 
standard model in the particle physics community. In fact, there are a lot of follow up papers. For example, 
the paper by Princeton group (N. Arkani-Hamed et al., arXiv:1212.6971) is one of them. The PGM provides 
now a strong motivation for the future 100 TeV hadron collider discussed seriously at CERN.  
 
note: T. T. Yanagida is mistakenly affiliated with ICRR in this article, but his correct affiliation is the Kavli 
IPMU. 
 
*3. M. Ibe, S. Matsumoto, T. T. Yanagida, “Pure Gravity Mediation with m3/2 = 10-100 TeV”, Physical Review 
D, 85 (2012) 095011 
DOI: 10.1103/PhysRevD.85.095011 
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This is the second paper of the Pure Gravity Mediation (PGM), in which it is shown that the neutral wino is the 
unique candidate for dark matter in the model. It was pointed out that the wino of O(1) TeV mass will be 
tested in future cosmic gamma-ray experiments. This is a crucial observation, since the PGM model naturally 
predicts the wino mass in this range. (If the thermal leptogenesis is the correct origin of the observed baryon 
asymmetry in the universe, the wino mass is predicted smaller than 1 TeV.) Matsumoto is now studying more 
details of the gamma-ray detection and developing experimental methods together with astrophysics 
experimental group at the Kavli IPMU. This is one of important interdisciplinary works possible at the Kavli 
IPMU. 
 
*Research results 4: Dark Matter Distribution 
 
*4. N. Okabe, M. Takada, K. Umetsu, T. Futamase, G. P. Smith, “LoCuSS: Subaru Weak Lensing Study of 30 
Galaxy Clusters”, Publications of the Astronomical Society of Japan, 62 (2010) 811-870  
DOI: 10.1093/pasj/62.3.811 
 
The prime focus camera of the 8.2m Subaru Telescope is currently the best-available facility for weak 
gravitational lensing measurements thanks to its wide field-of-view and exquisite image quality. In this paper 
the authors used the Subaru imaging data for 30 X-ray luminous galaxy clusters at 0.15<z<0.3 to carry out a 
detailed weak lensing study of the mass distribution in a cluster region. They revealed that the average mass 
distribution is in a remarkably good  agreement with the prediction seen in N-body simulations for a 
Λ-dominated, cold dark matter model. In a series of their papers, they have compared the 
weak-lensing-based mass estimates with other cluster observables such as X-ray and Sunyaev-Zel’dovich 
effects in order to derive a well-calibrated proxy relation of cluster mass and observables. Their results give a 
proof that Subaru data is powerful to obtain robust estimates on the cluster mass and density profile, which is 
crucial for cluster-based cosmology. 
 
*Research results 5: Dark Matter Detection 
 
*5. K. Abe et al. (XMASS collaboration including K. Hiraide, K. Ichimura, Y. Kishimoto, K. Kobayashi, S. 
Moriyama, M. Nakahata, H. Ogawa, H. Sekiya, Y. Suzuki, A. Takeda, M. Yamashita, B.S.Yang, X.Benda, J. Liu, 
K. Martens, Y. Takeuchi), “Direct dark matter search by annual modulation in XMASS-I”, to be published in 
Phys. Letts. 
 
The earth’s revolution with the velocity of 30 km/s induces the annual variation of the observed events of dark 
matter interactions. The effect is expected to be nearly 10% level. There was persistent evidence by 
DAMA/LIBRA experiment to have seen an annual modulation. Other counting experiments exclude the 
allowed regions assuming WIMPs dark matter and nuclear recoils. There is still a possibility that the signal 
they observed is due to electro-magnetic. Therefore, it is important to directly check the annual modulation 
both for nuclear recoils and electron/γ events. Data taken between Nov. 2013 and Mar 2015 was used for the 
study. The achieved energy threshold of 1.1 keVee was lower than that of 2keVee of DAMA. Fig. 1 shows the 
results without assuming any dark matter models. We find slight negative amplitudes, but its p-values from 
two independent analyses are 0.014 and 0.068, respectively. The results contradict with the DAMA’s results. 
If WIMPs dark matter is assumed, we exclude the allowed region where consistent with DAMA’s results. 
 
*6. K. Abe et al. (XMASS collaboration including K. Hiraide, Y. Kishimoto, K.Ichimura, K. Kobayashi, S. 
Moriyama, M. Nakahata, H. Ogawa, H. Sekiya, Y. Suzuki, A. Takeda, M. Yamashita, B.S.Yang, J. Liu, K. 
Martens, Y. Takeuchi), “Search for Bosonic Superweakly Interacting Massive Dark Matter Particles with the 
XMASS-I Detector”, Phys. Rev. Lett. 113, 121391 (2014). 
 
Problems still remain in the cold-dark-matter model. For example, unwanted small crumps seen in galactic 
scale in a calculation to simulate a development of the large-scale structure. Lighter particles in the keV to 
MeV region may soften the problems and are proposed. In particular, the vector super-WIMPs in this mass 
range are not experimentally constrained and are a good candidate for thermally generated dark matter in the 
Universe. Interestingly, the bosonic nature of the particles means that they cause a monochromatic peak at 
their rest mass when they are absorbed in the target. No significant signal was observed and stringent limits 
on the electron coupling of vector super-WIMPs with a mass in the 40-120keV range were obtained. For some 
of this mass range our direct detection limit surpasses existing astrophysical constraints, covering new 
territory. This is the achievement based on the low background, 3x10-4/kg/keV/kg, which has not been 
accomplished so far in this low energy range. 
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*7. Y. Hochberg, E. Kuflik, H. Murayama, T. Volansky, J. G. Wacker, “Model for Thermal Relic Dark Matter of 
Strongly Interacting Massive Particles”, Physical Review Letters, 115 (2015) 021301 
DOI:10.1103/PhysRevLett.115.021301 
 
A recent proposal is that dark matter could be a thermal relic of 3→2 scatterings in a strongly coupled hidden 
sector. The authors present explicit classes of strongly coupled gauge theories that admit this behavior. These 
are QCD-like theories of dynamical chiral symmetry breaking, where the pions play the role of dark matter. 
The number-changing 3→2 process, which sets the dark matter relic abundance, arises from the 
Wess-Zumino-Witten term. The theories give an explicit relationship between the 3→2 annihilation rate and 
the 2→2 self-scattering rate, which alters predictions for structure formation. This is a simple calculable 
realization of the strongly interacting massive-particle mechanism. 
 
 
*Research results 6: Cosmic Acceleration 
 
*8. T. Okumura, C. Hikage, T. Totani, et al. (including S. More, T. Nishimichi, N. Tamura, K. Yabe, N. Yoshida), 
“The Subaru FMOS galaxy redshift survey (FastSound). IV. New constraint on gravity theory from redshift 
space distortions at z~1.4”, Publications of the Astronomical Society of Japan, in press (2016) 
DOI:10.1093/pasj/psw029 
 
The authors give a new constraint on gravity theory by measuring the redshift-space clustering of galaxies of 
FastSound survey. FastSound is a spectroscopic galaxy survey using Subaru telescope with a new instrument 
Fiber Multi Object Spectrograph (FMOS), which enables the first cosmological study at high redshift range of 
1.19<z<1.55. They obtain 4.2σ detection of the anisotropy in redshift-space clustering due to the peculiar 
motion of galaxies known as “redshift-space distortions (RSD)”, which is a key observable to test gravity 
theories on cosmological scales. Their result is consistent with the prediction of general relativity within the 1σ 
confidence level. This is a first clear confirmation that general relativity is valid even in such high-redshift 
universe.  
 
*Research results 7: SuMIRe 
 
*9. S. Miyazaki, M. Oguri et al. (including M. Tanaka, H. Aihara, H. Murayama, M. Takada)  “Properties of 
weak lesning clusters detected on Hyper Suprime-Cam’s 2.3 deg2 field”, The Astrophysics Journal, 807 
(2015) 22 (14pp) 
DOI:10.1088/0004-637X/807/1/22 
 
This paper presents properties of moderately massive clusters of galaxies detected by the Hyper 
Suprime-Cam on the Subaru telescope using weak gravitational lensing. Eight peaks exceeding a 
signal-to-noise ratio (S/N) of 4.5 are identified on the convergence S/N map of a 2.3 deg2 field observed 
during the early commissioning phase of the camera. Multi-color photometric data are used to generate 
optically selected clusters using the Cluster finding algorithm based on the Multiband Identification of 
Red-sequence galaxies algorithm. The optical cluster positions were correlated with the peak positions from 
the convergence map.  
 
*10. M. Takada, et al. (including H. Aihara, K. Bundy, S. More, H. Murayama, J. D. Silverman, D. N. Spergel, 
H. Sugai), “Extragalactic science, cosmology, and Galactic archaeology with the Subaru Prime Focus 
Spectrograph”, Publications of the Astronomical Society of Japan, 66 (2014) 1 
DOI: 10.1093/pasj/pst019 
 
This paper summarizes the science cases of PFS in terms of provisional plans for Subaru 300 nights, 
highlighting three topics. (1) Cosmology: Constrain the nature of dark energy via a survey of emission line 
galaxies in the redshift range 0.8<z<2.4. Measure precise cosmological distances via the baryonic acoustic 
oscillation scale, and the structure growth via redshift-space distortion. (2) Galactic archaeology: Clarify the 
past assembly histories of spiral galaxies Milky Way and Andromeda galaxy and the structure of their dark 
matter halos by measuring radial velocities and chemical abundances of 106 stars. (3) Galaxy/AGN evolution: 
Conduct a color-selected survey of 1<z<2 galaxies and AGN over 16 deg2 to J ≃23.4, yielding a fair sample of 
galaxies with stellar masses above 1010M⊙ at z ≃2. It is extremely rare that science cases are published in 
astronomy before the instrument is actually built, and this represents a practice more common in particle 
physics, while it also this demonstrates the deep interests of researchers on the PFS project. 
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*Research results 8: Derived Category of Coherent Sheaves and Counting Invariants 
 
*11. Y. Toda, “Bogomolov-Gieseker type inequality and counting invariants”, Journal of Topology, 6 (2013), 
no. 1, 217-250 
DOI: 10.1112/jtopol/jts037 
 
M. Yamazaki informed Y. Toda that the paper by Denef-Moore, ‘Split states, Entropy Enigmas, Holes and 
Halos,' hep-th/0702146 in string theory may be related to his work on DT invariants. K. Hori helped him to 
understand the paper. He could finally translate it into a mathematical language and found that they claimed 
a very interesting mathematical conjecture which relates DT invariants counting two dimensional torsion 
sheaves inside Calabi-Yau 3-folds and rank one DT invariants counting curves on them. In this paper, Y. Toda 
proved that the conjectural Bogomolov-Gieseker type in ‘Bridgeland stability conditions on 3-folds I: 
Bogomolov-Gieseker type inequalities, A. Bayer and E. Macri and Y. Toda, J. Algebraic Geom. 23 (2014), 
117-163’’ implies Denef-Moore’s conjecture. This was surprising since the above inequality conjecture was 
derived from a pure mathematical argument, and its relationship with Denef-Moore’s conjecture was not 
expected. Y. Toda was invited to give a talk at the 2014 International Congress of Mathematicians. 
 
*12. A. Bayer, E. Macri and Y. Toda, “Bridgeland stability conditions on 3-folds I: Bogomolov-Gieseker type 
inequalities”, Journal of Algebraic Geometry, 23 (2014) 117-163 
DOI: 10.1090/S1056-3911-2013-00617-7 
 
Although Bridgeland stability condition is an important notion in mirror symmetry, its existence for projective 
Calabi-Yau 3-folds is still an open problem. In this paper, the authors constructed candidates of Bridgeland 
stability conditions on any projective 3-fold via double tilting of the category of coherent sheaves. Their 
construction led to the conjectural inequality evaluating the third Chern characters of certain two term 
complexes of sheaves on 3-folds. Their inequality is interpreted to be the generalization of the classical 
Bogomolov-Gieseker inequality for algebraic surfaces, which have been desired for algebraic geometers for 
more than 30 years. Their inequality conjecture turned out to imply Fujita’s conjecture for 3-folds, a classical 
and open problem in algebraic geometry. 
 
*Research results 9: Langlands Correspondence and !-adic Cohomology Theory 
 
*13. T. Abe, “Langlands correspondence for isocrystals and existence of crystalline companion for curves”, 
arxiv.org:1310.0528, Preprint 
 
In this paper, the LC for p-adic theory is established and Deligne’s conjecture on the existence of crystalline 
companion is proven in the curve case, which completes the research program T. Abe proposed a couple of 
years ago. The main difficulty is to construct a framework of p-adic cohomology theory. We already had 
“good” cohomology theory so called rigid cohomology by Berthelot. However, this theory is not sufficient 
since we need “variation theory”. This is the same situation that in many applications, Hodge theory is not 
enough and Hodge modules are needed. For this, Berthelot introduced arithmetic !-module theory. Thanks 
to works by Berthelot, Caro, Kedlaya, and others, this theory was almost satisfactory for quasi-projective 
varieties. In this paper, Abe removed this limitation and made it work over certain algebraic stacks, which was 
indispensable to apply Lafforgue’s technique to our situation.  
 
*14. T. Abe and D. Caro, “Theory of weights in p-adic cohomology”,  
arxiv.org:1303.0662 Preprint 
 
This paper is devoted to establish the “yoga of weights” for p-adic cohomology theory. The concept of 
weights was introduced by Grothendieck in the course of attacking to the Weil conjecture. There were mainly 
two theories that realize his yoga: e ́tale cohomology and Hodge theory. That for e ́tale cohomology was 
established by Deligne in “Weil II” paper, and for Hodge theory was fully developed by M. Saito modeled on 
Deligne’s theory later generalized vastly by T. Mochizuki. In this paper,  the authors have added yet another 
theory, p-adic cohomology, in the list, which had been expected under the philosophy of LC, and also needed 
to construct LC. As a by-product, they also established p-adic intersection cohomology, which used to be 
technically difficult even to define.  
 
 
*Research results 10: Primitive Forms and Mirror Symmetry 
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*15. C. Li, S. Li, K. Saito, Y. Shen, “Mirror Symmetry for Exceptional Unimodular Singularities”, 
arXiv:1405.4530, Preprint 
 
In this paper, the authors prove the LG-LG-mirror symmetry conjecture for the super-potential functions 
which may have the negatively weighted deformation parameters in the irrelevant directions. Based on an 
idea of a previous work of the authors (arXiv:1311.1659), K. Saito and his colleagues perturbatively 
determine the primitive form and the flat coordinates for one F of the exceptional unimodular singularities. 
Using Witten-Dijkgraaf-Verlinde-Verlinde-equation, they show that only the 4-point corelators determine the 
pre-potential function. By generalizing the mirror map of Krawits from the flat deformation parameter space 
of F to the space of states in Fan-Jarvis-Ruan-Witten (FJRW) theory for the Berglund-Huebsh dual polynomial 
F T, they compare the Tayler coefficients of the pre-potential function up to the degree 4 in the flat coordinate 
system with the corresponding FJRW invariants, and confirm that the conjecture holds. 
 
*16. T. Milanov, “The phase factors in singularity theory”, arXiv: 1502.07444, preprint 
 
In this paper, he managed to overcome the main technical difficulty in his previous work with B. Bakalov, 
which is needed in order to extend their results in general. They proposed a certain vertex algebra 
representations using the periods of a simple singularity, which allows them to characterize the partition 
function in Givental's reconstruction for simple singularities in terms of both a W-algebra constraint and an 
integrable hierarchy. 
 
*17. T. Milanov, "The Eynard–Orantin recursion for simple singularities", Communications in Number Theory 
and Physics, 9, no. 4 (2015) 707-739 
 
The Eynard–Orantin recursion is only local in a sense that the spectral curve is a disjoint union of small discs. 
In this paper, he has extended the local spectral curve to an actual Riemann surface. This result allows him to 
think of Gromov–Witten theory as a Conformal Field Theory on the spectral curve and hence ideas from 
physics can be used to understand Gromov–Witten theory and vice versa. 
 
 
*Research results 11: Secondary Polytopes and the Algebra of the Infrared 
 
*18. M. Kapranov, M. Kontsevich, Y. Soibelman. “Algebra of the infrared and secondary polytopes”, Advances 
in Mathematics to appear (2016), arXiv:1408.2673 
DOI:10.1016/j.aim.2016.03.028 
 
The authors study algebraic structures (L∞ and A∞-algebras) introduced by Gaiotto, Moore and Witten in their 
work devoted to certain supersymmetric 2-dimensional massive field theories. The authors show that such 
structures can be systematically produced in any number of dimensions by using the geometry of secondary 
polytopes, esp. their factorization properties. 
 
*19. M. Kapranov, V. Schechtman. “Perverse sheaves on real hyperplane arrangements”, Annals of 
Mathematics, 183 (2016), 619-679 
DOI:10.4007/annals.2016.183.2.4 
 
A classification of perverse sheaves smooth with respect to a stratification given by an arrangement of 
hyperplanes in the complex space with real equations. A description is given in terms of diagrams of vector 
spaces labeled by the real cells of the arrangements. 
 
*Research results 12: Discovery of New Connection between Finite Group and Calabi-Yau 
Geometry  
 
*20. T. Eguchi, H. Ooguri, Y. Tachikawa, “Notes on the K3 Surface and the Mathieu Group M24”, Experimental 
Mathematics 20 (2011) 91-96  
DOI: 10.1080/10586458.2011.544585 
 
In this paper, H. Ooguri with T. Eguchi and Y. Tachikawa pointed out that the elliptic genus of the K3 surface 
has a natural decomposition in terms of dimensions of irreducible representations of the Mathieu group M24. 
These dimensions appear as coefficients of the expansion of the elliptic genus in terms the characters of the 
N=4 superconformal algebra associated to the non-linear sigma-model whose target space is the K3. Their 
discovery has been mathematically proven by Terry Gannon in 2013. Their result suggests that M24 acts as 
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symmetry on the elliptic cohomology. 
 
*21. H. Ooguri and M. Yamazaki, “Emergent Calabi-Yau Geometry”, Physical Review Letters, 102 (2009) 
161601 
DOI: 10.1103/PhysRevLett.102.161601 
 
In this paper, H. Ooguri and M. Yamazaki showed how the smooth geometry of Calabi-Yau manifolds emerges 
from the thermodynamic limit of the statistical mechanical model of crystal melting. In particular, they 
showed that that the thermodynamic partition function of molten crystals is equal to the classical limit of the 
partition function of the topological string theory by relating the Ronkin function of the characteristic 
polynomial of the crystal melting model to the holomorphic 3-form on the corresponding Calabi-Yau manifold. 
 
 
*Research results 13: Supersymmetric Gauge Theories 
 
*22. O. Aharony, N. Seiberg, and Y. Tachikawa, “Reading between the lines of four-dimensional gauge 
theories”, Journal of High Energy Physics, 1308 (2013) 115  
DOI: 10.1007/JHEP08(2013)115 
 
It has been long known that every gauge theory on a flat spacetime has two continuous parameters, the 
gauge coupling constant and the theta angle. But the subtle behavior of gauge theories on nontrivial 
spacetime topology always confused researchers. In this paper, it was pointed out that on general spacetime 
manifolds, there are additional discrete parameters necessary to specify a gauge theory completely. These 
parameters control what kind of line operators are available in this gauge theory, and are best described by 
the cohomology of classifying spaces, a concept known in mathematics for a long time but having not much 
applications in physics until this paper came out. Discussions with mathematicians at the Kavli IPMU, and 
having an access to the library at the Kavli IPMU that comprehensively covers books in all areas of 
mathematics, both old and new, were essential to the completion of the paper. 
 
 
*Research results 14: Methods in Quantum Field Theory and String Theory – Duality 
 
*23. K. Hori and M. Romo, “Exact Results In Two-Dimensional (2,2) Supersymmetric Gauge Theories With 
Boundary”, arXiv:1308.2438, Preprint  
 
The partition function on the hemisphere of a class of two-dimensional (2,2) supersymmetric field theories 
including gauged linear sigma models is computed via supersymetric localization. The result provides a 
general exact formula for the central charge of the D-brane placed at the boundary. It takes the form of 
Mellin-Barnes integral and the question of its convergence leads to the grade restriction rule concerning 
branes near the phase boundaries. Expressions in various phases is found, including the large volume formula 
in which a characteristic class called the Gamma class shows up. The two sphere partition function factorizes 
into two hemispheres glued by the inverse to the annulus. The result can also be written in a form familiar in 
mirror symmetry, and suggests a way to find explicit mirror correspondence between branes. 
 
*Research results 15: F-Theory: Its Phenomenology Applications and Duality 
 
*24. H. Hayashi, R. Tatar, Y. Toda, T. Watari, M. Yamazaki, “New Aspects of Heterotic-F theory duality”, 
Nuclear Physics, B806 (2009) 224-299 
DOI: 10.1016/j.nuclphysb.2008.07.031 
 
String theory has several different formulations, and F-theory is known to be the most promising one in order 
to study the origin of flavor structure of the standard model particles. There had been a few problems left 
unsolved in the formulation of F-theory, however, because of high-level mathematics involved, and further 
progress using F-theory had been blocked for more than a decade. The team of physicists and a 
mathematician at the IPMU and other institutes solved these problems, and this article has become one of a 
few foundational papers that enabled explosive progress in 2008-2010. Aside from solving theoretical 
problems in the formulation of F-theory, this article also discovered that matter fields are described by smooth 
wavefunctions (without singularity) in internal space, which also has immediate consequence in the 
enhancement factor of proton decay. 
 
*25. A. Braun, T. Watari, “Distribution of Number of Generations in Flux Compactifications”, Physical 
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Review D, 90 (2014) 121901 
http://dx.doi.org/10.1103/PhysRevD.90.121901  
 
Theory of distribution of flux vacua in Type IIB string theory is reformulated in [X] for F-theory. It turns out 
that the number of generations of quarks and leptons follows a Gaussian distribution with variance of O(1). 
The number of vacua with an unbroken gauge symmetry scales exponentially. Vacua with a rank-4 unbroken 
gauge  symmetry may constitute such a small fraction as e^{-O(1000)} among F-theory flux vacua.    
 
 
*Research results 16: Application to Condensed Matter Physics 
 
*26. N. Ogawa, T. Takayanagi, T. Ugajin, “Holographic Fermi Surfaces and Entanglement Entropy”, 
 Journal of High Energy Physics, 1201 (2012) 125 
DOI: 10.1007/JHEP01(2012)125 
 
One unsolved problem in condensed matter systems is the analysis of Fermi surfaces in strongly interacting 
systems, e.g., the strange metal phase of high Tc superconductors. In this paper, the authors gave a 
systematic study of Fermi surfaces by using the entanglement entropy in AdS/CFT correspondence for the 
first time. The analysis of entanglement entropy remarkably fixes the form of metric in the gravity description 
in a very strongly way. This powerful analysis leads to the conclusion that any strongly coupled and large N 
quantum systems should have an anomalous specific heat which clearly differs from the Landau Fermi liquids 
but agrees with the strange metal phase. They also found a condition for the presence of Fermi surfaces in 
terms of the metric of gravity dual. 
 
*27. H. Watanabe, H. Murayama, “Unified Description of Nambu-Goldstone Bosons without Lorentz 
Invariance”, Physical Review Letters, 108 (2012) 251602 
DOI: 10.1103/PhysRevLett.108.251602 
 
Nambu-Goldstone bosons arise from the concept of spontaneous symmetry breaking that applies to all areas 
of physics and even chemistry and biology. Yet no consistent and universal theory existed for more than half 
a century. Together with a condensed matter physicist H. Watanabe, H. Murayama discovered such a unified 
description that provides correct counting of degrees of freedom, dispersion relations, as well as their 
interactions. It relies on a relatively obscure area of mathematics called presymplectic geometry, which allows 
for a complete classification of possibilities. This paper opened up a research area that led to many other 
works including three more Physical Review Letters by the same authors including the one below. This paper 
has been selected as an “Editor’s suggestion” and highlighted in synopsis of “Physics” of APS. 
 
 
*Research results 17: Neutrino Properties 
 
*28. A. Gando et al. (KamLAND-Zen Collaboration including K. Inoue, M. Koga, K. Nakamura, A. Kozlov, S.J. 
Freedman, B.K. Fujikawa, Y. Efremenko, S. Enomoto, M.P. Decowski), “Limit on Neutrinoless ββ Decay of 
136Xe from the First Phase of KamLAND-Zen and Comparison with the Positive Claim in 76Ge”, Physical Review 
Letters, 110 (2013) 062502 
DOI: 10.1103/PhysRevLett.110.062502  
 
Neutrinos are the only known particles that may not be distinguished from their anti-particles. This nature is 
thought to be a key to unravel big mysteries in particle physics and cosmology, particularly ‘Matter dominance 
in the universe’ and ‘Light but finite mass of neutrinos’. So far, the only viable experimental approach to the 
nature is a search for ‘neutrino-less double beta decay (0νββ). KamLAND-Zen utilizes the established and 
existing large ultra-low radioactivity environment of KamLAND. It holds the world largest amount of ββ nuclei 
(320 kg of 90% enriched 136Xe) as xenon-loaded liquid scintillator in a mini-balloon suspended. The obtained 
lower limit for the half-life, 1.9×1025 yr at 90% C.L. (the world best) or 3.4×1025 yr if combined with the 
EXO-200 result, can be converted to the effective Majorana neutrino mass of 120-250 meV as an upper limit. 
It resulted in the 97.5% C.L. exclusion of the previous claim for 0νββ signal with a 76Ge detector.  
 
*29. S. Saito, M. Takada, A. Taruya, “Neutrino mass constraint from the Sloan Digital Sky Survey power 
spectrum of luminous red galaxies and perturbation theory”, Physical Review D, 83 (2011) 043529 
DOI: 10.1103/PhysRevD.83.043529 
 
In this paper, the authors compare the model power spectrum, computed based on the perturbation theory of 
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structure formation, with the power spectrum of luminous red galaxies measured from the SDSS DR7 data. 
The model included the effects of massive neutrinos, nonlinear matter clustering and nonlinear, 
scale-dependent galaxy bias in a self-consistent manner. They first test the perturbation theory model by 
comparing the model predictions with the simulation results for a cold dark matter model without massive 
neutrinos. In combination with the WMAP constraints, they derive an upper bound on the sum of neutrino 
masses, given as mν,tot<0.81 eV (95% C.L.), marginalized over other parameters including nonlinear bias 
parameters as well as dark energy equation of state parameter. The neutrino mass limit is improved by a 
factor of 1.85 compared to the limit from the WMAP alone, mν,tot'<1.5 eV. 
 
 
*Research results 18: Evolution of Galaxies 
 
*30. K. Bundy et al., “Overview of the SDSS-IV MaNGA Survey: Mapping Nearby Galaxies at Apache Point 
Observatory”, The Astrophysical Journal, 798 (2015) 7 
DOI:10.1088/0004-637X/798/1/7 
 
This is an overview paper of a new integral field spectroscopic survey called MaNGA (Mapping Nearby 
Galaxies at Apache Point Observatory) as a part of SDSS-IV. MaNGA survey started in July 2014 to investigate 
the internal kinematic structure and composition of gas and stars using a sample of 10,000 nearby galaxies. 
The details of the instrument and survey design for key sciences are summarized. Prototype observations to 
demonstrate MaNGA’s ability to probe gas ionization are also presented.  
 
*31. E. Cheung, K. Bundy et al. 2016, “Suppressing Star Formation in Quiescent Galaxies with Supermassive 
Black Hole Winds”, Nature, in press (2016) 
 
Quiescent galaxies with little or no ongoing star formation dominate the galaxy population above M∗ ∼ 2×1010 
Msun. Once star formation is initially shut down, an unknown mechanism must remove or heat subsequently 
accreted gas from stellar mass loss or mergers that would otherwise cool to form stars. Energy output from a 
black hole accreting at a low rate has been proposed, but observational evidence for this in the form of 
expanding hot gas shells is limited. The authors report bisymmetric emission features co-aligned with strong 
ionized gas velocity gradients from which they infer the presence of centrally-driven winds in typical quiescent 
galaxies that host low-luminosity active nuclei. These galaxies are surprisingly common, accounting for as 
much as 10% of the population at M∗ ∼ 2×1010 Msun. In a prototypical example, the authors calculate that the 
energy input from the galaxy’s low-level active nucleus is capable of driving the observed wind, which 
contains sufficient mechanical energy to heat ambient, cooler gas and thereby suppress star formation. 
 
*32. A. Leauthaud, J. Tinker, K. Bundy, et al., “New Constraints on the Evolution of the Stellar-to-dark Matter 
Connection: A Combined Analysis of Galaxy-Galaxy Lensing, Clustering, and Stellar Mass Functions from z = 
0.2 to z =1”, The Astrophysical Journal, 744 (2012) 159 
DOI: 10.1088/0004-637X/744/2/159 
 
Using data from the COSMOS survey, the authors perform the first joint analysis of galaxy-galaxy weak 
lensing, galaxy spatial clustering, and galaxy number densities, with aid of N-body simulations for a �CDM 
model. The joint analysis provides constraints on the relationship between galaxies and their host dark matter 
halos. Then, by combining the constraints with the stellar mass estimates for a sample of galaxies, they derive 
strong constraints on the shape and redshift evolution of the stellar-to-halo mass relation (SHMR) from z=0.2 
to 1. They show that the dark-to-stellar ratio, Mh / M∗, varies from low to high masses, reaching a minimum of 
Mh/M∗~27 at M∗=4.5×1010 Msun and Mh=1.2×1012 Msun. This minimum is important for models of galaxy 
formation because it marks the mass at which the accumulated stellar growth of the central galaxy has been 
the most efficient. This paper was tied for the 9th most highly cited paper in the field of astrophysics in 2012. 
 
*33. J. D. Silverman, et al. (including M. Tanaka), “The Impact of Galaxy Interactions on Active Galactic 
Nucleus Activity in zCOSMOS”, The Astrophysical Journal, 743 (2011) 2 
DOI: 10.1088/0004-637X/743/1/2 
 
Close encounters between galaxies are expected to be a viable mechanism, as predicted by numerical 
simulations, by which accretion onto supermassive black holes can be initiated. To test this scenario, the 
authors construct a sample of 562 galaxies (M∗>2.5×1010 Msun) in kinematic pairs over the redshift range 
0.25<z<1.05 that are more likely to be interacting than a well-matched control sample of 2726 galaxies not 
identified as being in a pair, both from the zCOSMOS 20k spectroscopic catalog. Galaxies that harbor an active 
galactic nucleus (AGN) are identified on the basis of their X-ray emission (L0.5-10 keV > 2×1042 erg s-1) detected 
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by Chandra. They find a higher fraction of an AGN in galaxies in pairs relative to isolated galaxies of similar 
stellar mass. 
 
*34. H. Miyatake, S. More, M. Takada et al., "Evidence of Halo Assembly Bias in Massive Clusters", Physical 
Review Letters, 116 (2015), 041301  
DOI: 10.1103/PhysRevLett.116.041301 
 
The dependence of the large scale clustering amplitude of halos upon secondary parameters other than the 
halo mass, such as their halo assembly history is theoretically expected, but had been very difficult to verify 
observationally. We used a galaxy cluster catalog from the Sloan digital sky survey, and a novel combination 
of clustering and weak lensing to present the first observational evidence of halo assembly bias. This paper 
was chosen as an Editor's suggestion for PRL and gained significant media coverage as well. 
 
*35. B. Ménard, R. Scranton, M. Fukugita, R. Gordon, “Measuring the galaxy-mass and galaxy-dust 
correlations through magnification and reddening”, Monthly Notices of the Royal Astronomical Society, 405 
(2010) 1025-1039 
DOI: 10.1111/j.1365-2966.2010.16486.x 
 
In this paper, the authors present a simultaneous detection of gravitational magnification and dust reddening 
effects due to galactic haloes and large-scale structure. The measurement is based on correlating the 
brightness of ~85000 quasars at z > 1 with the position of 24 million galaxies at z ~ 0.3 derived from the 
SDSS data and is used to constrain the galaxy-mass and galaxy-dust correlation functions up to cosmological 
scales. The presence of dust is detected from 20 kpc to several Mpc, and they find its projected density to 
follow: Σdust ~ rp

-0.8, a distribution similar to mass. On large scales, its wavelength dependence is described by 
RV = 4.9±3.2, consistent with interstellar dust. This, in turn, implies a cosmic dust density of Σdust ~5 × 10-6, 
roughly half of which comes from dust in haloes of ~ L⋆ galaxies. 
 
 
*Research results 19: Formation of First Stars and Black Holes 
 
*36. T. Hosokawa, K. Omukai, N. Yoshida, H. W. Yorke, “Protostellar feedback halts the growth of the first 
stars in the universe”, Science, 334 (2011) 1250-1253 
DOI: 10.1126/science.1207433 
 
The paper presents the results from radiation-hydrodynamics simulations of the evolution of a first star. The 
simulations show, for the first time, how a primordial protostar stops its growth by emitting intensely 
ultra-violet radiation. The results resolve a long-standing puzzle that the observed elemental abundance 
patterns of Galactic metal-poor stars do not show the signatures of the so-called pair-instability supernovae 
that are triggered when very massive stars die. It is suggested that a majority of the first stars did not have 
the monstrous masses because of the feedback effect. 
 
 
*Research results 20: Supernovae and Evolution of Chemical Elements 
 
*37. K. Maeda, et al. (including K. Nomoto, M. Tanaka), “An asymmetric explosion as the origin of spectral 
evolution diversity in type Ia supernovae”, Nature, 466 (2010) 82-85 
DOI: 10.1038/nature09122 
 
Type Ia supernovae form an observationally uniform class of stellar explosions, in that more luminous objects 
have smaller decline-rates. This one-parameter behavior allows type Ia supernovae to be calibrated as 
cosmological “standard candles”, and led to the discovery of an accelerating Universe. Recent investigations, 
however, have revealed that the true nature of type Ia supernovae is more complicated. Here the authors 
report that the spectral diversity is a consequence of random directions from which an asymmetric explosion 
is viewed. Their findings suggest that the spectral evolution diversity is no longer a concern when using type 
Ia supernovae as cosmological standard candles. Furthermore, this indicates that ignition at an offset from 
the center is a generic feature of type Ia supernovae. 
 
*38. G. Folatelli, M. C. Bersten, O. G. Benvenuto, S. D. Van Dyk, H. Kuncarayakti, K. Maeda, T. Nozawa, K. 
Nomoto, M. Hamuy, R. M. Quimby, “A blue point source at the location of supernova 2011dh”, The 
Astrophysical Journal Letters, 793 (2014), L22 (5pp) 
DOI:10.1088/2041-8205/793/2/L22 
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The authors present Hubble Space Telescope (HST) observations of the field of the Type IIb supernova (SN) 
2011dh in M51 performed at ~1161 rest-frame days after explosion using the Wide Field Camera 3 and 
near-UV filters F225W and F336W. A star-like object is detected in both bands and the photometry indicates 
it has negative (F225W - F336W) color. The observed object is compatible with the companion of the 
now-vanished yellow supergiant progenitor predicted in interacting binary models. They consider it unlikely 
that the SN is undergoing strong interaction and thus estimate that it makes a small contribution to the 
observed flux. The possibilities of having detected an unresolved light echo or an unrelated object are briefly 
discussed and judged unlikely. Adopting a possible range of extinction by dust, they constrain parameters of 
the proposed binary system. In particular, the efficiency of mass accretion onto the binary companion must be 
below 50%, if no significant extinction is produced by newly formed dust.  
 
*39. K. Bays et al. (Super-Kamiokande Collaboration including Y. Hayato, S. Moriyama, M. Nakahata, M. 
Shiozawa, Y. Suzuki, T. Kajita, K. Kaneyuki, K. Martens, M. Vagins, E. Kearns, J.L. Stone, M.B. Smy, H.W. 
Sobel, K. Scholberg, C.W. Walter, K. Nakamura, Y. Takeuchi, T. Nakaya), “Supernova relic neutrino search at 
Super-Kamiokande”, Physical Review D, 85 (2012) 052007 
DOI: 10.1103/PhysRevD.85.052007 
 
A search for supernova relic neutrinos (SRN) was conducted using the Super-Kamiokande (SK) detector. The 
SRN signal is a diffuse neutrino background originating from all past supernovae. This signal has not been 
detected, but it is expected to lie in the 10-30 MeV energy range, in the gap between the energy of reactor 
and atmospheric neutrinos. In this paper, positron signals from anti-neutrino interactions were searched 
without tagging neutrons. In such case, the most copious background in this energy range is the spallation 
background and solar neutrinos. In order to reduce them as much as possible, analysis methods have been 
improved such as taking into account the longitudinal correlation between muons and beta decay products for 
spallation background. As a result, energy threshold of the analysis was lowered to 16 MeV. The search was 
conducted using 2853 live days’ data taken from 1996 to 2008 at SK. No significant excess of signals was 
observed and flux upper limit was obtained for various model predictions. 
 
*40. S. M. Adams, C.S. Kochanek, J. F. Beacom, M. R. Vagins, and K.Z. Stanek, “Observing the Next Galactic 
Supernova”, The Astrophysical Journal, 778 (2013) 164 
DOI: 10.1088/0004-637X/778/2/164 
 
In this paper, the authors model the distance, extinction, and magnitude probability distributions of a Galactic 
core-collapse supernova (ccSN), its shock breakout radiation, and its massive star progenitor. They find, at 
very high probability (~100%), that the next Galactic SN will easily be detectable in the near-IR and that 
near-IR photometry of the progenitor star very likely (~92%) already exists in the 2MASS survey. Most ccSNe 
(~98%) will also be easily observed in the optical. The benefits of neutrino detection experiments quickly 
disseminating a likely position (~3 deg) are discussed, coupled with a review of the process by which 
neutrinos from a Galactic ccSN would be detected and announced. They describe the Kavli IPMU's 
newly-operational, gadolinium-based EGADS detector and its currently unique potential for providing instant, 
independent, high-confidence supernova neutrino alerts to the world. 
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World Premier International Research Center Initiative (WPI) 
Appendix 2-2. Annual Transition in Non-WPI Project Funding (Grants) 
 
*Make a graph of the annual transition in non-WPI project funding (grants). Describe external funding warranting special mention.  

 
 [External funding warranting special mention] 
 
! Grant-in-Aid for Scientific Research (A) (JSPS) FY2014, (XMASS) the world largest liquid Xenon detector 

in order to make an observation of Dark Matter: 6.4MY, Creative Scientific Research (JSPS) FY2009-12, 

(XMASS) Study of Dark Matter: 225.2MY 

! Grant-in-Aid for Scientific Research (S) (JSPS) FY2009-13, Search for Supernova Relic Neutrinos: 51.2MY 

! Grant-in-Aid for Specially Promoted Research (JSPS) FY2010-14, KamLAND detector and set limits on the 

lifetimes of neutrino less double beta decays: 567MY 

! FIRST (Funding Program for World-Leading Innovative R&D on Science and Technology) FY2011-14, 

SuMIRe (Subaru Measurement of Image and Redshifts): 2,161MY 

! Grant-in-Aid for Scientific Research on Innovative Areas (JSPS) FY2013-14, EGADS (Evaluating 

Gadolinium's Action on Detector Systems): 15MY  

! CREST (JST) FY2012-2017, Statistical Computational Cosmology with Big Astronomical Imaging Data: 

204MY 

! Grant-in-Aid for Scientific Research on Innovative Areas (JSPS) FY2015-19, Why does the Universe 

accelerate? – Exhaustive study and challenge for the future –: 1,106MY 
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Appendix 2-3. Major Awards, Invited Lectures, Plenary Addresses 
(etc.)(within 2 pages) 
1. Major Awards 
*List main internationally-acclaimed awards received/unofficially announced in order from the most recent. 
* For each, write the recipient’s name, name of award, and year issued. 
In case of multiple recipients, underline those affiliated with the center. 

1) Yuji Tachikawa, Fundamental Physics New Horizons Prize, November 2015 
2) Takaaki Kajita, Yoichiro Suzuki and the Super K Collaboration including Chang Kee Jung, Christopher 

Walter, Edward Kearns, Henry Sobel, Hiroshi Ogawa, James Stone, Jun Kameda, Kai Martens, Kate 
Scholberg, Kazuyoshi Kobayashi, Kenzo Nakamura, Kimihiro Okumura, Kunio Inoue, Makoto Miura, Mark 
Vagins, Masato Shiozawa, Masayuki Koga, Masayuki Nakahata, Michael Smy, Shigetaka Moriayama, Shoei 
Nakayama, Tsuyoshi Nakaya, Yasuo Takeuchi, Yoshihisa Obayashi, Hayato Yoshinari, Yusuke Koshio, 
Breakthrough Prize in Fundamental Physics, November 2015 

3) Koichiro Nishizawa and the K2K and T2K Collaboration including Atsushi Takeda, Bruce Berger, Chang 
Jung, Christophe Bronner, Christopher Walter, Edward Kearns, Henry Sobel, Hide-Kazu Tanaka, Hiroaki 
Aihara, Hiroyuki Sekiya, James Stone, Jun Kameda, Kai Martens, Kate Scholberg, Katsuki Hiraide, Kenzo 
Nakamura, Kimihiro Okumura, Kou Abe, Makoto Miura, Mark Hartz, Mark Vagins, Masashi Yokoyama, 
Masato Shiozawa, Masayuki Nakahata, Michael Smy, Motoyasu Ikeda, Nobuhiro Kimura, Roger Wendell, 
Shigetaka Moriyama, Shoei Nakayama, Tomiyoshi Haruyama, Tomonobu Tomura, Tsuyoshi Nakaya, 
Yoichiro Suzuki, Yasuo Takeuchi, Yoshihisa Obayashi, Yoshinari Hayato, Yusuke Koshio, Breakthrough 
Prize in Fundamental Physics, November 2015  

4) Atsuto Suzuki and the KamLAND collaboration including Alexandre Kozlov, Andreas Piepke, Bruce Berger, 
Brian Fujikawa, Glen Horton-Smith, Hitoshi Murayama, Hiroshi Ogawa, Jason Detwiler, Kunio Inoue, 
Kengo Nakamura, Karsten Heeger, Masayuki Koga, Patrick Decowski, Sanshiro Enomoto, Werner Tornow, 
Yuri Efremenko, Yasuhiro Kishimoto, Breakthrough Prize in Fundamental Physics, November 2015 

5) Kam-Biu Luk and the Daya Bay Collaboration including Hide-Kazu Tanaka, Karsten Heeger, Breakthrough 
Prize in Fundamental Physics, November 2015 

6) Eiichiro Komatsu, American Physical Society Fellow, November 2015 
7) Takaaki Kajita, Order of Culture, November 2015 
8) Takaaki Kajita, Nobel Prize, October 2015 
9) Ken’ichi Nomoto, Marcel Grossmann Award, May 2015 
10) Tsuyoshi Nakaya, Masato Shiozawa, Takashi Kobayashi, Yoji Totsuka Memorial Prize, March 2015 
11) Eiichiro Komatsu, Chushiro Hayashi Prize, March 2015 
12) Yukinobu Toda, Japan Society for the Promotion of Science (JSPS) prize, January 2015 
13) Tsuyoshi Nakaya, Nishina Memorial Prize, November 2014 
14) Yuji Tachikawa, Nishinomiya-Yukawa Memorial Prize, November 2014 
15) Horasio Casini, Marina Huerta, Shinsei Ryu, Tadashi Takayanagi, New Horizons in Physics Prizes, 2015 
16) Saul Perlmutter and 31 members of the Supernova Cosmology Project team including Robert Quimby, 

Breakthrough Prize, November 2014  
17) Katsuhiko Sato, Person of Cultural Merit, November 2014 
18) Yuji Tachikawa, Hermann Weyl Prize, July 2014 
19) Toshiyuki Kobayashi, Medal with Purple Ribbon, April 2014 
20) Yukinobu Toda, Spring Prize of the Mathematical Society of Japan (MSJ), March 2014�  
21) Takaaki Kajita, Julius Wess Award, November 2013 
22) Toshitake Kohno, Geometry Prize of the Mathematical Society of Japan (MSJ), October 2013 
23) Yoichiro Suzuki, Giuseppe and Vanna Cocconi Prize, May 2013 
24) Hitoshi Murayama, Elected to member of the American Academy of Arts and Sciences, April 2013 
25) Eiichiro Komatsu, Lancelot M. Berkeley - New York Community Trust Prize for Meritorious Work in 

Astronomy, January 2013 
26) Hirosi Ooguri, Fellow of the American Mathematical Society, January 2013 
27) Kunio Inoue, Nishina Memorial Prize, December 2012 
28) Yukinobu Toda, Geometry Prize (Mathematical Society of Japan), August 2012 
29) Twenty six members of the WMAP (Wilkinson Microwave Anisotropy Probe) team including David Spergel 

and Eiichiro Komatsu, Gruber Cosmology Prize, August 2012 
30) Hirosi Ooguri, Simons Investigator Award, July 2012 
31) Takaaki Kajita, Japan Academy Prize, March 2012 
32) Brice Ménard, Sloan Research Fellowship, February 2012 
33) Kyoji Saito, Mathematical Sciety of Japan Geometry Prize, September 2011 
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34) Tomoyuki Abe, Mathematical Sciety of Japan Takebe Prize, September 2011 
35) Serguey Petcov, Bruno Pontecorvo Prize, February 2011 
36) Yoichiro Suzuki, Bruno Pontecorvo Prize, February 2011 
37) Toshiyuki Kobayashi, Inoue Science Prize, February 2011 
38) Ken’ichi Nomoto, Institut d’Astrophysique de Paris Medal, August 2010 
39) David Spergel, Charles L Bennett, Lyman A Page Jr, Shaw Prize, June 2010 
40) Katsuhiko Sato, Japan Academy Prize, March 2010 
41) Henry Sobel, Bruno Pontecorvo Prize, February 2010 
42) Masayuki Nakahata, Inoue Science Prize, December 2009 
43) Hirosi Ooguri, Nishina Memorial Prize, December 2009 
44) Shigeki Sugimoto, Yukawa-Tomonaga Memorial Prize, September 2009 
45) Hirosi Ooguri, Humboldt Research Award, May 2008 
46) Eiichiro Komatsu, IUPAP Young Scientist Prize in Computational Physics, May 2008 
47) Naoki Yoshida, IUPAP Young Scientist Prize in Computational Physics, May 2008 
48) Hirosi Ooguri, Eisenbud Prize, American Mathematical Society, January 2008 
 

2. Invited Lectures, Plenary Addresses (etc.) at International Conferences and 
International Research Meetings 

* List up to 20 main presentations in order from most recent. 
*For each, write the lecturer/presenter’s name, presentation title, conference name and date(s) 
 
1) Masahiro Takada, “Halo bias”, Cosmology and First Light, IAP, Paris, France, December 7-10, 2015 
2) Hirosi Ooguri, “Entanglement and Bootstrap”, Eurostrings 2015, Dept of Applied Math and Theor. Phys. 

(DAMTP), Cambridge, UK, March 23-27, 2015 
3) Hitoshi Murayama, “Power of Precision Higgs Measurements on Hierarchy Problem and Baryogenesis”, 

HEFT2014 - Higgs Effective Field Theories, Instituto de Física Teórica (UAM-CSIC) in Madrid, September 
28-30, 2014 

4) Yukinobu Toda, “Derived category of coherent sheaves and counting invariants”, Seoul ICM 2014 - 
International Congress of Mathematicians, August 13-21, 2014 

5) Kentaro Hori, “1d Index and Wall Crossing”, String-Math 2014, University of Alberta, Edmonton, Canada, 
June 9-13, 2014 

6) Masayuki Nakahata, “Neutrino Physics”, the 33rd International Cosmic Ray Conference (ICRC2013), July 
2-9, 2013 

7) Mihoko Nojiri, “Theoretical Results on Physics Beyond the Standard Model 30'”, 2013 Lepton Photon 
Conference, June 24-29, 2013 

8) Mark Robert Vagins, “Astrophysical Neutrino Forecast - Mostly Sunny, with a Good Chance of 
Supernovas”, American Association for the Advancement of Science (AAAS) 2013 Annual Meeting, 
February 16, 2013 

9) Shigeki Sugimoto, “Holographic QCD -Status and perspectives for the future-”, Xth Quark Confinement 
and the Hadron Spectrum, October 8-12, 2012  

10) Toshitake Kohno, “Homological representations of braid groups and KZ connections”, 6th European 
Congress of Mathematics, July 2-6, 2012 

11) Shinji Mukohyama, “Modified Gravity”, The Thirteenth Marcel Grossmann Meeting, July 1-7 2012 
12) Kunio Inoue, “Results from KamLAND-Zen”, The 25th International Conference on Neutrino Physics and 

Astrophysics (Neutrino 2012), June 3-9, 2012 
13) Kyoji Saito, “On primitive forms and associated period maps”, 2011 Geometry Prize, The Mathematical 

Society of Japan, March 28, 2012 
14) Tsutomu T. Yanagida, “The Origin of Matter”, HERTZ LECTURE (DESY Lecture on Physics 2011), 

September 2011 
15) Tadashi Takayanagi, “Holographic Entanglement Entropy and its New Developments”, Strings 2011, June 

27-July 1, 2011 
16) Naoki Yoshida, “Chemistry in the Early Universe”, 41st Annual Conference on Atomic, Molecular, and 

Optical Physics of the American Physical Society, May 27, 2010 
17) Yoichiro Suzuki, “Solar and Atmospheric Neutrinos”, XXIV International Symposium on Lepton and 

Photon Interactions at High Energies (LP09), August 17-22, 2009 
18) Takaaki Kajita, “Status and prospect of atmospheric neutrinos and long baseline studies”, The eleventh 

international conference on Topics in Astroparticle and Underground Physics (TAUP 2009), July 1-5, 2009 
19) Ken'ichi Nomoto, “The Cosmic Explosions: The Violent Supernovae”, The Opening Ceremony of the 

International Year of Astronomy, January 15-16, 2009 
20) Taizan Watari, “Heterotic--F Theory Duality Revisited”, String Phenomenology 2008, May 29, 2008 
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Appendix 2-4. List of Achievements of Center’s Outreach Activities 
* Using the table below, show the achievements of the Center’s outreach activities from FY2011 through FY2015 (number of activities, times 
held). 
 

Activities 
FY2007 

(number of activities, 
times held) 

FY2008 
 (number of activities, 

times held) 

FY2009 
 (number of activities, 

times held) 

PR brochure, pamphlet 1 5 5 

Lectures, seminars for general public 0 4 10 

Teaching, experiments, training for 
elementary and secondary school students 0 0 2 

Science cafe 0 5 3 

Open houses 0 1 2 

Participating, exhibiting in events 0 0 2 

Press releases 4 9 17 

 
 

Activities 
FY2010 

(number of activities, 
times held) 

FY2011 
 (number of activities, 

times held) 

FY2012 
 (number of activities, 

times held) 

PR brochure, pamphlet 6 6 7 

Lectures, seminars for general public 6 11 13 

Teaching, experiments, training for 
elementary and secondary school students 1 8 7 

Science cafe 0 4 3 

Open houses 2 1 1 

Participating, exhibiting in events 1 2 3 

Press releases 20 25 33 
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Activities 
FY2013 

(number of activities, 
times held) 

FY2014 
 (number of activities, 

times held) 

FY2015 
 (number of activities, 

times held) 

PR brochure, pamphlet 6 7 10 

Lectures, seminars for general public 12 8 10 

Teaching, experiments, training for 
elementary and secondary school students 6 8 3 

Science cafe 3 5 5 

Open houses 1 1 1 

Participating, exhibiting in events 4 4 3 

Press releases 33 31 16 

 
 

  



Appendix 2-4 

The University of Tokyo -3 
Kavli IPMU 

List of Media Coverage of Projects Carried Out between FY 2007 – 2015 
(within 2 pages) 

 
* Select main items of press releases, media coverage, and reports for FY 2007-2015 (especially by overseas media) 

1) Japan 

No. Date 
Type media 

(e.g., newspaper, magazine, 

television) 
Description 

1 2015.10.06 
NHK WEB (NHK news 

online) 

Research that went beyond normal standards 
* Comments by Hitoshi Murayama on Takaaki Kajita’s 
Nobel Prize  

2 2015.8.25 Nikkei Science (magazine) 
SIMPs, not WIMPs * Interview with Hitoshi Murayama 
Capturing dark matter * Interview with Yoichiro Suzuki 
What Professor Nambu achieved * written by Hirosi Ooguri 

3 2015.7.02 NHK (tv) 
Cosmic Front: How the oldest black hole ever detected 
was born 
* Features Naoki Yoshida and Kavli IPMU 

4 2014.5.15 NHK (tv) Cosmic Front: Supernova 1987A 
* Features Ken’ichi Nomoto and Kavli IPMU 

5 2014.4.30 
Asahi (newspaper)/Asahi 

(web) 

University of Tokyo wins battle with US university in 
solving gravitational lens mystery surrounding 
supernova 
* Article on Robert Quimby et al. research, result of 
April 25 press release “Cosmic illusion revealed: 
Gravitational lens magnifies supernova” 

6 2014.3.27 Mainichi (newspaper) What is ‘primitive gravitational wave’?  
* Notation about POLARBEAR/LiteBIRD 

7 2013.12.10 
Newton Special Edition 

(magazine) 
Expanding Universe, Extra Dimension 
* Supervision: Shinji Mukohyama 

8 2013.10.9-13 
Mainichi/Sankei/Asahi/Yomi

uri (newspaper) 
Nobel Prize in Physics: Higgs Particle 
* Comments by Hitoshi Murayama 

9 2013.6.6 NHK (tv) Cosmic Front: Mystery in A.D.775 
* Marcus Werner appears  

10 2013.3.14 NHK (tv) Cosmic Front First Star  
*Dr. Naoki Yoshida & the Kavli IPMU are addressed. 

11 2012.7.19 NHK (tv) Close Up Gendai: Discovery of a century - Higgs Boson -  
*Comments by Hitoshi Murayama  

12 2012.5.10 
Mainichi/Asahi/Sankei/Nikk

ei/Yomiuri (newspaper) 
Hitoshi Murayama and Mr. Fred Kavli visited Japanese 
Prime Minister, Yoshihiko Noda.  

13 2012.2.9 NHK (tv) 
Bakumon Gakumon: Take us to the edge of the 
Universe! 
* Comments by Hitoshi Murayama 

14 2011.10.9 TV Asahi (tv) Miracles in the Earth: Genius in Japan - Addressing deep 
mystery of the Universe  

15 2011.6.28 NHK (tv) Cosmic Front: About explode?  -Red giant star, 
Betelgeuse- 

16 2011.4.19 NHK (tv) Cosmic Front: Challenges the mystery of Dark matter 

17 2010.4.20 Mainichi (newspaper) Frontier: Scientists that changed the world. Hitoshi 
Murayama. From conversation to new theories 

18 2009.7 Science (magazine) 

Feature: What language is the universe written in – 
IPMU’s challenge 
* Features Hitoshi Murayama, Nao Sugiyama, Katsuhiko 
Sato, Kunio Inoue, Hirosi Ooguri, Alexey Bondal, 
Simeon Hellerman, Masahiro Takada, Mark Vagins, 
Mihoko Nojiri, Yukinobu Toda 
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19 2009.1.26 Newton (magazine) How dark energy helps galaxies grow 
* Supervision: Masahiro Takada 

20 2008.1.28 Yomiru (newspaper) 
Hitoshi Murayama appointed director of University of 
Tokyo space research institute to round up top minds in 
the world 

 

2) Overseas 

No. Date 
Type media 

(e.g., newspaper, magazine, 

television) 
Description 

1 2015.5.27-29 

SPACE DAILY/Health 
Medicine 
Network/Press-News.org/ 
Phys.org/e!Science 
News/Nanotechnology 
Now/Before It's 
News/Science 
Newsline/Scientific 
Computing (web) 

How Spacetime is built by Quantum Entanglement: New 
Insight into Unification of General Relativity and 
Quantum Mechanics 
* Media coverage of press release by Hirosi Oorugi et al. 
released on May 27 

2 2014.4.25 

BBCNews/PHYS.ORG/NATI
ONAL GEOGRAPHIC/New 
Scientist/���/Science 
Newsline (web) 

Cosmic illusion revealed: Gravitational lens magnifies 
supernova 
* Media coverage of press release by Robert Quimby et 
al. released on April 25 

3 2013.7.31-8.3 

CNET/BruDirect/Telegraph/
SPACE.com/Gizmag/SEPA 
MAS/ Pijama Surf (Mexico)/ 
RIA (Russia) (web) 

A New View on the Origin of Dark Matter and Dark 
Energy - Image of M31 Heralds the Dawn of HSC 
* Media coverage of press release by Masahiro Takada 
et al., released on July 31 

4 2013.6.13-14 

Pacific News/Newtalk/ 
Business Standard/ 
Economic Times/Youth 
Daily News (Taiwan) (web) 

Cosmic giants shed new light on dark matter 
* Media coverage of press release of study lead by 
Nobuhiro Okabe, and involving Masahiro Takada, 
released on June 13 

5 
 
2012.8.3 
 

Hindustantimes(India)/ 
redOrbit/mail Online/ 
Phys.org (web)  

Clumpy Structure of Supernova Explosions -- A Subaru 
view of supernova explosion mechanism  
* Media coverage of press release of study lead by 
Masaomi Tanaka, and including Keiichi Maeda and 
Ken’ichi Nomoto 

6 2012.2.9 

Astrocast.tv/Nonotech-Now
/Newwise/spaceREF/ 
Science Insider/Nature 
News/Phys.org/ Physics 
World (web) 

New Kavli Institute Announced at The University of 
Tokyo 
* Media coverage of Kavli IPMU announcement, 
released February 8 

7 2011.11.11 
Space.com/Clarksville 
Online/ La Canada 
Flintridge Patch (web)  

First Stars Heavy But Not Monstrous -Researchers 
recreate Universe’s first star- 
* Media coverage of press release of study lead by 
Takashi Hosokawa and involving Naoki Yoshida, 
released November 11 

8 2010.5.20 ABC Science (web) 

An Unusual Supernova May Be a Missing Link in Stellar 
Evolution Research --Keiichi Maeda— 
* Media coverage of press release by Keiichi Maeda and 
Ken’ichi Nomoto et al., released May 20 

9 2009.11.09 Physics Today (web) Hirosi Ooguri wins Nishina Memorial Prize 

10 2008.6.28 KBS News (tv) SUSY 09 in South Korea, Professor Hitoshi Murayama of 
IPMU talked about CERN 

11 2008.1.14 Fermilab Today (web) Feature: Hitoshi Murayama named IPMU founding 
director 
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Appendix 3. List of Papers of Representative of Interdisciplinary 
Research Activities 
* List up to 20 papers that underscoring each interdisciplinary research activity and give brief accounts 
 (within 10 lines). 
* For each, write the author name(s); year of publication; journal name, volume, page(s), and article title. Any listing order may be 

used as long as format is the same. If a paper has many authors, underline those affiliated with the Center. 
* If a paper has many authors (say, more than 10), all of their names do not need to be listed. 

 
Collaboration of Astronomy and Mathematics 
1. M. C. Werner, “Gravitational lensing in the Kerr-Randers optical geometry”, General Relativity and 

Gravitation, 44 (2012) 3047-3057  
DOI: 10.1007/s10714-012-1458-9 
 
A new geometric method to determine the deflection of light in the equatorial plane of the Kerr 
solution is presented, whose optical geometry is a surface with a Finsler metric of Randers type. 
Applying the Gauss–Bonnet theorem to a suitable osculating Riemannian manifold, adapted from a 
construction by Nazım, it is shown explicitly how the two leading terms of the asymptotic deflection 
angle of gravitational lensing can be found in this way. M. C. Werner has background both in 
astronomy and geometry, making this interdisciplinary work possible. 
 

2. G. W. Gibbons, M. C. Werner, N. Yoshida and S. Chon, “On de-Sitter geometry in cosmic void 
statistics”, Monthly Notices of the Royal Astronomical Society, 438 (2014) 1603-1610 
DOI: 10.1093/mnras/stt2298 
 
A Kavli IPMU mathematician and astrophysicists develop a novel mathematical model for the 
distribution of cosmic voids. Recent wide-field galaxy surveys show that the large-scale galaxy 
distribution appears as complex network of filaments of voids of various physical sizes. Kavli IPMU 
scientists proposed that the geometrical concept of a four-dimensional de Sitter configuration of 
spheres in Euclidean 3-space can be used to describe the number density of cosmic voids. Their model 
reproduces the observed number distribution when realistic observational effects owing to survey 
geometry is taken into account, and thus the model provides a new geometrical perspective on 
self-similarity in cosmology. 
 

3. R. M. Quimby, M. Oguri, A. More, S. More, T. J. Moriya, M. C. Werner, M. Tanaka, G. Folatelli, M. C. 
Bersten, K. Maeda, and K. Nomoto, “Detection of the Gravitational Lens Magnifying a Type Ia 
Supernova”, Science, 344 (2014) 396 
DOI: 10.1126/science.1250903 
 
The US group Pan-STARRS claimed to have discovered a new and very bright type of supernova 
PS1-10afx at redshift 1.39. During the daily teatime, R. M. Quimby (astronomer), M. C. Werner 
(mathematician), M. Oguri (physicist) consider that it is not a superluminous supernova, but due to 
the magnification via the gravitational lensing of an unobserved galaxy even though it requires an 
extraordinary coincidence that the lens is exactly along the line of sight to the host galaxy. They 
estimated that such a coincidence is possible in the Pan-STARRS data set and confirm that the 
proposed explanation by observing the spectrum of the host galaxy of PS1-10afx after it had faded 
away. Their new observation using Keck-I telescope also showed [O II] emission doublet is observed 
with redshift 1.117, which indicate that the foreground galaxy acted as the hypothesized lens. This 
result was covered very widely in media more than 80 times.  

 
Joint paper by physicists and mathematicians 

4. H. Jockers, V. Kumar, J. M. Lapan, D. R. Morrison and M. Romo, “Two-Sphere Partition Functions and 
Gromov-Witten Invariants”, Communications in Mathematical Physics, 325 (2014) 1139  
DOI: 10.1007/s00220-013-1874-z 

 
The partition function on the two-sphere of N=(2,2) supersymmetric gauge theories was computed 
recently by Benini et al. and Doroud et al., via supersymmetric localization. The paper observes that 
the result for gauged linear sigma model yields the exact Kähler potential on the moduli space of the 
infrared superconformal fixed points. When the superconformal field theory is used to compactify 
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Type II superstring theory, this provides a direct method to compute the spacetime Kähler potential of 
the moduli fields, exactly in α’. In the geometric regime where the low energy theory correspond to a 
Calabi-Yau threefold, the result allows one to compute the genus zero Gromov-Witten invariants of the 
threefold. These quantities are computed for the quintic and for Rödland's Pfaffian Calabi-Yau 
threefold and find agreement with existing results in the literature. 
 

Mathematics inspired by Physics 
5. Y. Toda, “Gepner type stability conditions on graded matrix factorizations”, 

arXiv:1302.6293, Preprint. 
  
Toda introduced the notion of Gepner type Bridgeland stability conditions on triangulated categories, 
which depends on a choice of an autoequivalence and a complex number. He conjectured the 
existence of Gepner type stability conditions on the triangulated categories of graded matrix 
factorizations of weighted homogeneous polynomials. Such a stability condition may give a natural 
stability condition for Landau-Ginzburg B-branes, and correspond to the Gepner point of the stringy 
Kähler moduli space of a quintic 3-fold. They showed the conjecture when the variety defined by the 
weighted homogeneous polynomial is a complete intersection of hyperplanes in a Calabi-Yau manifold 
with dimension less than or equal to two.  Gepner is a physicist who formulated Calabi-Yau target 
space using the worldsheet formulation of the string theory, and Y. Toda’s paper draws heavily from 
works in physics including that by H. Ooguri, with acknowledgment to K. Hori. 
 

6. K. Saito, “Limit Elements in the Configuration Algebra for a Cancellative Monoid”, Publications Of The 
Research Institute For Mathematical Sciences, 46 (2010) 37-113  
DOI: 10.2977/PRIMS/2 
 
Modeling on the classical theory of nearest neighbour Ising models on square lattices where the input 
data of Botzman weight is replaced by an abstract notion of labels on the wedge of the Cayley graph of 
a cancellative monoid (Γ,G), he introduces an infinitely generated Hopf algebra to count the 
configurations in the graph. Then, the space Ω(Γ,G) of all free energies form a compact subset of the 
algebra. The main theorem states i) an existence of a fibration structure π: Ω(Γ,G)→Ω(PΓ,G) where 
the target space Ω(PΓ,G) is the space of all opposite sequences to the growth series PΓ,G of (Γ,G), and 
ii) a residual representation of the traces of the fiber of the fibration. This gives a quite new approach 
to the geometric theory of discrete groups inspired from physics, and some follow-up papers began to 
appear (e.g. http://de.arxiv.org/abs/1311.4450, MR3049573 J. Algebra 385 (2013), 314–332). 
 

Physics papers that became possible thanks to latest mathematics 
7. Y. Tachikawa and K. Yonekura, “N=1 curves for trifundamentals”, Journal of High Energy Physics 1107 

(2011) 025  
DOI: 10.1007/JHEP07(2011)025 

 
The aim of this work was to generalize Gaiotto’s construction to a less supersymmetric setup. With K. 
Yonekura, who was then a student at the Kavli IPMU, they managed to reduce the physics question 
into a well-formulated mathematical problem, in the area of algebraic geometry. Thankfully, there are 
many Kavli IPMU mathematicians who are experts on this mathematical subject. Y. Tachikawa asked 
Professor A. Bondal, a PI at the Kavli IPMU, who explained to him a way to solve this problem. K. 
Yonekura, working independently for a while, found a physics way to solve the same problem. Nicely, 
the two completely independent methods gave the same answer, again illustrating the complementary 
virtues of theoretical physics and mathematics.  A. Bondal is acknowledged in the paper. 
 

8. C. A. Keller, N. Mekareeya, J. Song and Y. Tachikawa, “The ABCDEFG of instantons and W-algebras”, 
Journal of High Energy Physics 1203(2012)045 
DOI: 10.1007/JHEP03(2012)045 
 
The Kavli IPMU as a center of mathematics and physics in the Asia-Pacific region was crucial for the 
existence of this paper. N. Mekareeya, a Thai, and J. Song, a Korean, happened to be invited to the 
Kavli IPMU on the same date. There, N. Mekareeya explained to Y. Tachikawa an intriguing partial 
result; Y. Tachikawa immediately noticed that J. Song is an expert on this stuff who can complete this 
partial result into an interesting relation between the instanton moduli spaces and infinite-dimensional 
algebras. Together with Keller, who is a coworker of J. Song at his institute, the four authors indeed 
obtained a new relation, a generalization of the Alday-Gaiotto-Tachikawa relation. A. Bondal and S. 
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Carnahan, both mathematicians at the Kavli IPMU, provided a crucial mathematical step in the 
derivation of the result, and are acknowledged in the paper.  
 

9. F. Benini, R. Eager, K. Hori and Y. Tachikawa, “Elliptic genera of 2d N=2 gauge theories”, to appear in 
Communications in Mathematical Physics, 
arXiv:1308.4896, Preprint  
 
The elliptic genera of general two-dimensional N=(2,2) and N=(0,2) gauge theories are computed via 
supersymmetric localization. It is given by the sum of Jeffrey-Kirwan residues of a meromorphic form, 
representing the one-loop determinant of fields, on the moduli space of flat connections on the 
two-torus. Several examples are presented to illustrate the formula, for theories with Abelian and 
non-Abelian gauge groups, and for theories that flow to superconformal field theories that can be used 
as string backgrounds. The formula is used to test a part of the dualities found in [23]. The result can 
be used to obtain useful information about string compactifications and D-brane dynamics, such as 
low lying spectra of effective spacetime theories and the degeneracy of BPS states. 
 

10. H. Ooguri, P. Sulkowski, M. Yamazaki, “Wall Crossing As Seen By Matrix Models”, Communications in  
Mathematical Physics, 307 (2011) 429-462 
DOI: 10.1007/s00220-011-1330-x 
 
This paper gives interpretation of the Donaldson-Thomas invariants in mathematics based on 
supersymmetric field theory in physics. The number of BPS bound states of D-branes on a Calabi-Yau 
(CY) manifold depends on two sets of data, the BPS charges and the stability conditions. For D0 and 
D2-branes bound to a single D6-brane wrapping a CY 3-fold X, both are naturally related to the Kähler 
moduli space M(X). They construct unitary one-matrix models, which count such BPS states for a class 
of toric CY manifolds at infinite't Hooft coupling. The matrix model for the BPS counting on X turns out 
to give the topological string partition function for another CY manifold Y, whose Kähler moduli space 
M(Y) contains two copies of M(X), one related to the BPS charges and another to the stability 
conditions. The two sets of data are unified in M(Y). In addition, the matrix models compute spectral 
curves and mirror maps relevant to the remodeling conjecture.  
 

11. H. Ooguri and M. Yamazaki, “Crystal Melting and Toric Calabi-Yau Manifolds”, Communications in  
Mathematical Physics, 292 (2011) 179-199 
DOI: 10.1007/s00220-009-0836-y 
 
They construct a statistical model of crystal melting to count BPS bound states of D0 and D2 branes on 
a single D6 brane wrapping an arbitrary toric Calabi-Yau threefold. The three-dimensional crystalline 
structure is determined by the quiver diagram and the brane tiling which characterize the low energy 
effective theory of D branes. The crystal is composed of atoms of different colors, each of which 
corresponds to a node of the quiver diagram, and the chemical bond is dictated by the arrows of the 
quiver diagram. BPS states are constructed by removing atoms from the crystal. This generalizes the 
earlier results on the BPS state counting to an arbitrary non-compact toric Calabi-Yau manifold. They 
point out that a proper understanding of the relation between the topological string theory and the 
crystal melting involves the wall crossing in the Donaldson-Thomas theory. Y. Toda’s clarification 
based on category of perverse coherent sheaves is specifically acknowledged. 
 

12. Y. Oshima, M. Yamazaki, “Determinant Formula for Parabolic Verma Modules of Lie Superalgebras”, 
preprint 1603.06705 

 
We prove a determinant formula for a parabolic Verma module of a Lie superalgebra, previously 
conjectured by the second author. Our determinant formula generalizes the previous results of 
Jantzen for a parabolic Verma module of a (non-super) Lie algebra, and of Kac concerning a 
(non-parabolic) Verma module for a Lie superalgebra. The resulting formula is expected to have a 
variety of applications in the study of higher-dimensional supersymmetric conformal field theories. We 
also discuss irreducibility criteria for the Verma module. 
 
Physics papers that advance mathematics 

 13. K. Hori and J. Knapp, “Linear sigma models with strongly coupled phases - one parameter models”,  
Journal of High Energy Physics, 1311 (2013) 070 
DOI: 10.1007/JHEP11(2013)070 
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Based on the duality discovered in [23], the paper systematically constructs two-dimensional (2,2) 
supersymmetric gauged linear sigma models with strongly coupled phases, in which a continuous 
subgroup of the gauge group is totally unbroken. Relevant properties of the models are studied using 
the methods developed in [23, 24]. The construction leads to predictions of equivalences of D-brane 
categories, systematically extending earlier examples. There is another type of surprise. Two distinct 
superconformal field theories corresponding to Calabi-Yau threefolds with different Hodge numbers, 
h2,1=23 versus h2,1=59, have exactly the same quantum Kähler moduli space. The strong-weak duality 
of (1) plays a crucial rôle in confirming this, and also is useful in the actual computation of the metric 
on the moduli space. This work partially implements Center's Research objective “enumerate and 
classify solutions of string theory that will lead to the development of new types of geometries.” 
 

14. P. Braun, Y. Kimura and T. Watari, “On the classifications of elliptic fibrations modulo isomorphism  
on K3 surface with large Picard number”,  
arXiv:1312.4421, Preprint 
 
This paper addresses genuine mathematics problems, which turned out to be well-motivated in a 
study on string compactification (arXiv:1401.5908, the same authors; accepted by JHEP, which 
acknowledges mathematician T. Shioda). One of the problems was to determine the modular group of 
elliptic fibration that a K3 surface admits precisely. A complete answer to this problem is given in this 
paper. This problem had to be solved in order to exploit Heterotic-F theory duality. The other problem 
was to make an estimate of how much classification of elliptic fibration modulo isomorphism is finer 
relatively to classification of elliptic fibration by the geometry of singular fibres. The former 
classification corresponds to vacuum classification in physics, while the latter to vacuum classification 
by their gauge groups. This paper derived an upper bound on how many distinct fibrations modulo 
isomorphism there can be for a given set of singular fibre geometry. 
 
Condensed matter physics and particle/string theory 

15. H. Ooguri, M. Oshikawa, “Instability in magnetic materials with dynamical axion field”, Physical  
Review Letters 108 (2012) 161803 
DOI: 10.1103/PhysRevLett.108.161803 
 
H. Ooguri worked with a condensed matter physicist M. Oshikawa on a subject of axion-type particle 
which is a candidate for dark matter. The detection of axion has been a difficult problem 
experimentally, while they found an axion-like excitation in condensed matter system. It has been 
pointed out that axion electrodynamics exhibits instability in the presence of a background electric 
field. They show that the instability leads to a complete screening of an applied electric field above a 
certain critical value and the excess energy is converted into a magnetic field. They clarify the physical 
origin of the screening effect and discuss its possible experimental realization in magnetic materials 
where magnetic fluctuations play the role of the dynamical axion field.  
Chosen as “Editor’s Suggestion.” 
 

16. T. Takayanagi, “Holographic Dual of Boundary Conformal Field Theory”, Physical Review Letters, 107  
(2011) 101602  
DOI: 10.1103/PhysRevLett.107.101602 
 
The celebrated AdS/CFT correspondence argues that a conformal field theory (CFT) on a manifold is 
equivalent to string theory (or gravity) on anti de-Sitter space (AdS). In this standard setup of 
AdS/CFT, the manifold where the CFT is defined, is not allowed to have any boundaries. In this paper, 
the author extended the construction of AdS/CFT so that the CFT can live on a manifold with 
boundaries. Especially it was found that the presence of a boundary in CFT corresponds to that in AdS 
spacetime with the Neumann boundary condition. This formulation has an advantage that we can 
directly compute the free energy, entanglement entropy and correlation functions. Moreover, this new 
model has been employed for many applications, such as the proof of g-theorem and holographic 
construction of quantum Hall effect etc. 
 

17. H. Watanabe, T. Brauner, and H. Murayama, “Massive Nambu-Goldstone Bosons”, Physical Review  
Letters, 111 (2013) 021601 
DOI: 10.1103/PhysRevLett.111.021601 
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When perturbed by explicit symmetry breaking terms, the so-called “pseudo-Nambu-Goldstone 
bosons” acquire mass which can in most cases be estimated but not exactly predicted. They 
discovered that exact formula is derived based on Lie algebra only when the perturbation is due to the 
symmetry generator, such as for the chemical potential. It turned out that this formula has 
wide-ranging applications to many systems in condensed matter physics and nuclear physics. This 
paper is written in collaboration with a condensed matter physicist and a nuclear physicist. 
 

18. H. Watanabe and H. Murayama, “Redundancies in Nambu-Goldstone Bosons”, Physical Review  
Letters, 110 (2013) 181601 
DOI: 10.1103/PhysRevLett.110.181601 
 
In many systems in condensed matter, nuclear, astro-physics, and cosmology, spacetime symmetries 
can be spontaneously broken. It has been known that the number of Nambu-Goldstone bosons is 
reduced in such circumstances. Even though there has been an empirical method to figure out how 
many modes can be reduced, called inverse Higgs mechanism, it was never clear why they must be 
reduced, nor applicable to cases with spontaneously broken translation symmetries. This paper 
clarified the origin of reduction which they call Noether constraints, namely a linear combination of 
symmetry currents annihilates the ground state. An amazing application of this formulation is the 
vortex lattice in rotating Bose-Einstein condensate of cold atoms or superfluid. Four symmetries are 
broken: two translations, one rotation, and one internal U(1) symmetry. Yet there is only one type-A 
Nambu-Goldstone boson with an unexpected quadratic dispersion relation. 
 
Application of mathematics to cosmology 

19. B. Aazami, G. Cox, “Blowup solutions of Jang's equation near a spacetime singularity”,  
Classicaland Quantum Gravity (2014, accepted) 
DOI: 10.1088/0264-9381/31/11/115007 
 
They study Jang's equation on a one-parameter family of asymptotically flat, spherically symmetric 
Cauchy hypersurfaces in the maximally extended Schwarzschild spacetime. The hypersurfaces contain 
apparent horizons and are parametrized by their proximity to the singularity at r = 0. They show that 
on those hypersurfaces sufficiently close to the singularity, every radial solution to Jang's equation 
blows up. The proof depends only on the geometry in an arbitrarily small neighborhood of the 
singularity, suggesting that Jang's equation is in fact detecting the singularity. They comment on 
possible applications to the weak cosmic censorship conjecture. 
 
Applications of information theory to physics 

20. J. Lin, M. Marcolli, H. Ooguri, and B. Stoica, “Locality of Gravitational Systems from Entanglement of 
Conformal Field Theories,” Physical Review Letters, 114 (2015) 221601  
DOI: 10.1103/PhysRevLett.114.221601 
 
In this paper, H. Ooguri and his collaborators showed that the Ryu-Takayanagi formula for the 
holographic entanglement entropy can be inverted to compute the bulk stress-energy tensor in the 
dual gravitational theory near the boundary of the bulk spacetime, reconstructing the local data in the 
bulk from the entanglement on the boundary. They also show that positivity, monotonicity, and 
convexity of the relative entropy imply positivity conditions on the bulk matter energy density. 
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World Premier International Research Center Initiative (WPI) 
Appendix 4-1. Number of Overseas Researchers and Annual 
Transition 
 
*Make a graph of the transition in the number of overseas researchers since the application. 
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Researchers from abroad 0 14 56 88 96 75 101 94 101 86 75 

PIs from abroad 5 5 5 5 5 5 5 5 5 5 8 

Japanese researchers 
excluding PIs  0 29 49 58 80 115 117 133 136 154 116 

Japanese PIs  13 15 15 14 13 14 13 13 13 14 14 

Ratio of PIs from abroad 27.8 25.0 25.0 26.3 27.8 26.3 27.8 27.8 27.8 26.3 36.4 
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World Premier International Research Center Initiative (WPI) 
Appendix 4-2. Postdoctoral Positions through Open International 
Solicitations 
 
- In the column of number of applications and number of selection, put the number and percentage of overseas researchers in the < > 
brackets. 

�

FY number of applications number of selection 

FY2007 481 
<372, 77%> 

1 
<0, 0%> 

FY2008 527 
<452, 86%> 

22 
<16, 73%> 

FY2009 726 
<679, 93%> 

20 
<16, 80%> 

FY2010 794 
<751, 95%> 

14 
<10, 71%> 

FY2011 811 
<738, 91%> 

15 
<14, 93%> 

FY2012 664 
<615, 93%> 

16 
<15, 94%> 

FY2013 661 
<607, 92%> 

19 
<11, 58%> 

FY2014 747 
<692, 93%> 

11 
<7, 64%> 

FY2015 610 
<556, 91%> 

21 
<13, 62%> 

�

�

�
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World Premier International Research Center Initiative (WPI) 
Appendix 4-3. Number of Overseas Postdoctoral Researchers and 
Annual Transition 

 
*Make a graph of the transition in the number of overseas postdoctoral researchers since the application. 
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World Premier International Research Center Initiative (WPI) 
Appendix 4-4. Status of Postdoc Employment at Institutions of 
Postdoctoral Researchers 

 
*List each researcher in 1 line. If the list exceeds this form, please add extra pages. 

 
Japanese Postdocs 

Period of project 
participation 

Previous Affiliation  
Position title (Country) 

Next Affiliation 
Position title (Country) 

2015.7.1-2016.3.31 KEK, postdoc (Japan) 

National Institute of 
Advanced Industrial Science 

and Technology, tenure 
track research scientist 

(Japan) 

2014.4.1-2016.3.31 
Tohoku University,  

doctoral student (Japan) 

Research Center for Nuclear 
Physics, Osaka University, 
Assistant Professor (Japan) 

2015.7.1-2016.3.31 
The University of Tokyo, 

postdoc (Japan) 

Graduate School of 
Mathematical Science, the 

University of Tokyo, postdoc 
(Japan) 

2015.9.1-2016.3.31 
Caltech, Seinior research 

fellow (USA) 
Rikkyo University,  

Assosiate Professor (Japan) 

2013.4.1-2016.3.31 U.C. Berkeley, postdoc (USA)  
Max Planck Institute for 
Astrophysics, postdoc 

(Germany) 

2013.4.1-2015.4.30 U.C. Berkeley, postdoc (USA) 
KEK, Assistant Professor 

(Japan) 

2013.9.1-2015.2.28 ASIAA, postdoc (Taiwan) 
Hiroshima University, 

Assistant Professor (Japan) 

2013.4.1-2014.9.30 
Graduate School of Science, 

The University of Tokyo, 
doctoral course (Japan) 

Technion-Israel Institute of 
Technology, postdoc (Israel) 

2012.4.1-2014.10.31 
Graduate School of Science, 

The University of Tokyo, 
postdoc (Japan) 

Tohoku University,  
Assistant Professor (Japan) 

2010.9.1-2014.4.30 
Tohoku University, postdoc 

(Japan) 
Nagoya University,  
Lecturer (Japan) 
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2010.5.1-2014.3.31 
Research Center for Space 

and Cosmic Evolution, Ehime 
University, postdoc (Japan) 

Institute for Cosmic Ray 
Research, postdoc (Japan) 

2008.9.1-2014.3.31 
Hokkaido University,  

research associate (Japan) 

National Astronomical 
Observatory of Japan, 

Assistant Professor (Japan) 

2012.4.1-2014.2.28 

Graduate School of 
Mathematical Sciences, The 
University of Tokyo, Project 

Researcher (Japan) 

Tokyo University of 
Agriculture and Technology, 

Lecturer (Japan) 

2013.4.1-2013.9.30 
School of Science, The 

University of Tokyo, doctoral 
course (Japan) 

Gocro, Inc, Engineer (Japan) 

2013.4.1-2013.8.31 

Graduate School of 
Mathematical Sciences, The 
University of Tokyo, doctoral 

course (Japan) 

Institute for Advanced 
Study, postdoc (USA) 

2011.9.1-2012.8.31 
California Institute of 

Technology, Senior Research 
Fellow (USA) 

Sherman Fairchild.  
California Institute of 

Technology, Senior Research 
Fellow (USA) 

2010.8.16-2012.3.31 

Perimeter Institute for 
Theoretical Physics, 
Postdoctoral Fellow 

(Canada) 

Hakubi Project. University of 
Kyoto, Associate Professor 

(Japan) 

2010.5.1-2014.3.31 

Research Center Project for 
Space and Cosmic Evolution. 

Ehime University, 
Researcher (Japan) 

Institute for Cosmic Ray 
Research. The University of 
Tokyo, Researcher (Japan) 

2010.4.1-2011.11.30 

Kavli IPMU. The University of 
Tokyo, JSPS Research 
Fellowships for Young 

Scientists (Japan) 

National Astronomical 
Observatory of Japan,  

Assistant Professor (Japan) 

2010.1.1-2013.3.31 
European Southern 
Observatory, Fellow 

(Germany) 

National Astronomical 
Observatory of Japan, 

Project Assistant Professor 
(Japan) 

2009.4.1-2012.3.31 
Kavli IPMU. The University of 
Tokyo, Project Researcher 

(Japan) 

Osaka Sangyo University, 
Fellow Researcher (Japan) 

2009.4.1-2011.3.31 
Graduate School of Science, 
Kyoto University, doctoral 

course (Japan) 

Yukawa Institute for 
Theoretical Physics. Kyoto 
University, Postdoctoral 

Fellow (Japan) 

2009.4.1-2010.3.31 
School of Science, The 

University of Tokyo, doctoral 
course (Japan) 

Max-Planck Institute for 
Physics, Project Researcher 

(Germany) 

2008.9.1-2014.3.31 
Hokkaido University, 

Research Fellow (Japan) 

National Astronomical 
Observatory of Japan, 

Assistant Professor (Japan) 

2008.4.16-2009.3.6 
School of Science, The 
University of Tokyo, 

Technische Universität 
München, Visiting Scholar 
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Researcher (Japan) (Germany) 

2008.4.16-2008.10.31 

Research Institute for 
Mathematical Sciences, 

Kyoto University, Part-time 
Academic Affairs Staff 

(Japan) 

Kavli IPMU. The University of 
Tokyo, Project Assistant 

Professor (Japan) 

2008.4.1-2008.9.30 
McGill University, JSPS 

Postdoctoral Fellowships for 
Research Abroad (Canada) 

Durham University, Senior 
Research Associate (UK) 

2008.4.1-2009.9.30 

Graduate School of 
Mathematical Sciences, The 
University of Tokyo, JSPS 
Research Fellowships for 
Young Scientists (Japan) 

Kobe University, Assistant 
Professor (Japan) 

2008.4.1-2008.6.30 
High Energy Accelerator 
Research Organization, 

Researcher (Japan) 

Tohoku University , Assistant 
Professor (Japan) 

2008.2.1-2008.10.31 

Institut des Hautes Études 
Scientifiques, JSPS 

Postdoctoral Fellowships for 
Research Abroad (France) 

Kyushu University, Project 
Assistant Professor (Japan) 

 
Overseas Postdocs 

Period of project 
participation 

Previous Affiliation  
Position title (Country) 

Next Affiliation 
Position title (Country) 

Nationality 

2014.4.16-2016.2.29 
Stanford University, 

postdoc (USA) 

Institute of Physics, 
Bhubaneswar, reader-faculty 

(India) 
India 

2013.1.16-2016.1.15 
Duke University,  

visiting assistant professor 
(UK) 

Unknown USA 

2012.11.1-2015.11.30 
Technion, Israel Institute of 
Technology, postdoc (Israel) 

Tata Institute of 
Fundamental Research, 

reader (India) 
India 

2012.11.1-2015.10.31 
DESY, Ph. D. Student 

(Germany) 

Max Planck Institute for 
Nuclear Physics, postdoc 

(Germany) 
Germany 

2012.10.16-2015.10.1
5 

Carnegie Mellon University 
Qatar, postdoc (Qatar) 

Melbourne University, 
DECRA Fellow (Australia) 

Italy 

2012.9.8-2015.9.30 
University of Crete, Ph. D. 

Student (Greece) 
Stony Brook University, 

postdoc (USA) 
Germany 
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2012.10.1-2015.9.30 
Harish-Chandra Research 
Institute, Ph.D. student 

(India) 

University of Pittsburgh, 
postdoc (USA) 

India 

2012.9.1-2015.9.20 
UC Berkeley,  

Ph.D. Student (USA) 
Fudan University, postdoc 

(China) 
USA 

2013.9.16-2015.9.17 
Stanford University,  
Ph.D. student (USA) 

UC Berkeley, postdoc (USA) USA 

2012.7.6-2015.9.15 
UC Santa Barbara,  
Ph.D Student (USA) 

Institute for Advanced Study, 
postdoc (USA) 

Chile 

2012.9.1-2015.8.31 
Princeton University, postdoc 

(USA) 
Orbital Insight, data scientist 

(USA) 
USA 

2012.8.16-2015.8.15 
University of Pennsylvania, 

Ph.D. student (USA) 
Pacific Northwest National 
Laboratory, postdoc (USA) 

USA 

2014.3.16-2015.8.7 
University of Arizona,  

postdoc (USA) 
Chulalongkorn University, 

Lecturer (Thailand) 
Thailand 

2012.9.1-2015.5.31 
Princeton University,  
Ph.D. student (USA) 

Element Analysis, data 
scientist (USA) 

USA 

2012.8.16-2015.5.15 
Yale University,  

Ph.D. student (USA) 

Kyoto University (The 
Mathematical Division of Top 

Global Project), Special 
Assistant Professor (Japan) 

Canada 

2011.10.1-2014.12.31 
Duke University,  

visiting assistant professor 
(UK) 

Yukawa Institute for 
Theoretical Physics/Kyoto 

University, Assistant 
Professor (Japana) 

England 

2012.10.1-2014.9.30 
U.C. Berkeley, 

Ph.D. student (USA) 

Imperial College London, 
EPSRC postdoc research 

fellow (UK) 
USA 

2013.10.1-2014.9.30 CERN, postdoc (Switzerland)  
APCTP/POSTECH, Adjunct 

Professor (Korea) 
Korea 

2010.10.1-2014.9.30 
University of Chile,  

postdoc (Chile) 

CONICET(National Scientific 
and Technical Research 

Council), scientific 
researcher (Argentina) 

Argentina 
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2010.10.1-2014.9.30 
University of Chile,  

Ph.D. student (Chile) 

CONICET(National Scientific 
and Technical Research 

Council), scientific 
researcher (Argentina) 

Argentina 

2011.10.1-2014.9.30 
U.C. Berkeley,  

Ph.D. student (USA) 

Fondation Sciences 
Mathematiuqes de Paris, 

postdoc (France) 
Romania 

2011.9.16-2014.9.15 
UC Santa Barbara,  
Ph.D Student (USA) 

McGill University, postdoc 
(USA) 

USA 

2011.9.16-2014.9.15 
U.C. Santa Cruz,  

Ph.D. student (USA) 
Vanderbilt University, 

postdoc (USA) 
USA 

2011.9.1-2014.8.31 Caltech, postdoc (USA) 

San Deigo State University, 
Assistant Professor / Director 

of Mount Lagnuna 
Observatory (USA) 

USA 

2011.9.1-2014.8.31 
Korea Institute for Advanced 

Study, research fellow 
(Korea) 

IBS Center for Geometry and 
Physics/POSTECH, IBS 

Fellow (Korea) 
China 

2013.6.1-2014.8.31 
Michigan University,  
Ph.D. student (USA) 

Stanford University, postdoc 
(USA) 

China 

2011.9.1-2014.8.31 
Tata Institute of Fundamental 

Research, postdoc (India) 
Indian Institute of Science, 
Assistant Professor (India) 

India 

2011.9.1-2014.8.31 
Tata Institute of Fundamental 

Research, postdoc (India) 
Durham University, postdoc 

(UK) 
India 

2009.10.1-2014.8.21 
Max-Planck Institute for 

Physics, postdoc (Germany) 
University of South Dakota, 
Assistant Professor (USA) 

China 

2011.8.1-2014.7.31 
Texas A&M University,  
Ph.D Student (USA) 

Unknown China 

2009.11.2-2014.7.31 
ETH Zurich, Ph. D Student 

(Switzerland) 

Ludwig-Maximilians- 
Universitat, postdoc 

(Germany) 
Germany 

2011.5.1-2014.4.30 
2014.5.16-2014.6.30 

Universitat Potsdam,  
Ph.D. Student (Germany) 

National Astronomical 
Observatory of Japan, 
research support staff 

(Japan) 

Germany 

2012.9.1-2014.2.28 
The University of Chicago, 

Fellow (USA) 

Kavli IPMU. The University of 
Tokyo, Project Assistant 

Professor (Japan) 
India 
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2012.9.1-2013.10.31 
McGill University, Postdoctoral 

Research Fellow (Canada) 

Department of Applied 
Mathematics and Theoretical 

Physics. University of 
Cambridge, Fellow (UK) 

China 

2012.9.1-2012.11.15 
The University of Chicago, 
Postdoctoral Scholar (USA) 

Kavli IPMU. The University of 
Tokyo, Todai Postdoctoral 

Research Fellow [JSPS 
Fellow] (Japan) 

India 

2011.9.16-2013.1.31 
Lawrence Berkeley National 

Laboratory, Chamberlain 
Fellow (USA) 

Kavli IPMU. The University of 
Tokyo, Project Assistant 

Professor (Japan) 

France & 
Australia 

2011.8.1-2012.7.31 
The Chinese University of 

Hong Kong, doctoral course 
(China) 

Harvard University, BP fellow 
(USA) 

China 

2011.7.1-2012.8.31 
The University of Illinois at 
Chicago, Research Assistant 

Professor (USA) 

Stony Brook University, 
Assistant Professor (USA) 

Germany 

2011.1.1-2011.7.15 
Institut des Hautes Études 
Scientifiques, Postdoctoral 

Fellow (France) 

The Chinese University of 
Hong Kong, Assistant 

Professor (China) 
China 

2010.9.16-2013.9.30 
The University of Minnesota, 

doctoral course (USA) 
University of Nottingham, 

Research Fellow (UK) 
Turkey 

2010.9.1-2013.9.30 
Boston University, 

Postdoctoral Fellow (USA) 
University of Oxford, postdoc 

(UK) 
Canada 

2010.9.1-2013.8.31 
Harvard University, doctoral 

course (USA) 

California Institute of 
Technology, post-doctoral 

Researcher (USA) 
USA 

2010.9.1-2012.11.15 
Massachusetts Institute of 
Technology, C.L.E. Moore 

Instructor (USA) 

University of Tsukuba, 
Assistant Professor (Japan) 

USA 

2010.8.1-2012.12.31 
University of Southern 

California, Assistant Professor 
(USA) 

University of New South 
Wales University, Lecturer 

(Australia) 
Romania 

2010.7.1-2013.6.30 
University of California, 

Berkeley, doctoral course 
(USA) 

Institute for Defense 
Analyses, Research Staff 

Member (USA) 
USA 

2010.4.1-2012.8.31 
Max-Planck-Institut für 

Physik, Postdoctoral Fellow 
(Germany) 

Vienna University of 
Technology, Assistant 

Professor (Austria) 
Austria 

2010.2.1-2011.8.14 
Seoul National University, 

Postdoctoral Fellow (Korea) 
University of Florida, 

Postdoctoral Fellow (USA) 
Korea 

2009.10.1-2010.8.15 
The University of Chicago, 
Dickson Instructor (USA) 

Department of Mathematics. 
Iowa State University, 

Assistant Professor (USA) 
India 

2009.9.16-2012.9.15 
The University of Michigan, 

doctoral course (USA) 
The University of Minnesota, 

Research Associate (USA) 
USA 

2009.9.1-2012.8.31 
University of California, San 
Diego, doctoral course (USA) 

Niels Bohr Institute. 
University of Copenhagen, 

(Denmark) He actually didn’t 
go there, he instead went 

back to US to join a company 
‘VeriFyle’ 

USA 
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2009.9.1-2012.8.31 
European Organization for 
Nuclear Research, Fellow 

(Switzerland) 

The Interdisciplinary Center 
for Theoretic Study at the 
University of Science and 

Technology of China, 
Professor (China) 

China 

2009.9.1-2012.8.31 
Max Planck Institute for 

Mathematics in the Sciences, 
Scientist (Germany) 

Institut de Mathématiques 
de Jussieu, post-doctoral 

researcher (France) 
Russia 

2009.9.1-2010.8.31 
University of Southern 

California, Assistant Professor 
(USA) 

unknown USA 

2009.9.1-2010.7.15 
Harish-Chandra Research 
Institute, Visiting Fellow 

(India) 

National Institute of Science 
Education and Research, 

Assistant Professor (India) 
India 

2009.8.1-2010.9.30 
Ludwig Maximilians 

University, doctoral course 
(Germany) 

University of California, 
Berkeley, Simons 

postdoctoral fellow (USA) 
Germany 

2009.6.1-2012.8.31 
University of Pennsylvania, 

doctoral course (USA) 

Max-Planck Institute for 
Astrophysics, Humboldt 

fellow (Germany) 
China 

2009.5.16-2010.1.18 
Kapteyn Astronomical 

Institute, doctoral course 
(Netherlands) 

The Canadian Institute for 
Theoretical Astrophysics, 
The University of Toronto, 

Postdoctoral-Fellow 
(Canada) 

India 

2009.5.1-2012.4.30 
Steklov Mathematical 

Institute, doctoral course 
(Russia) 

Moscow State University, 
Researcher (Russia) 

Russia 

2009.5.1-2010.3.31 
University of Toronto, 
doctoral course (USA) 

Wuhan Institute of Physics 
and Mathematics. The 
Chinese Academy of 
Sciences, Associate 
Researcher (China) 

China 

2009.4.16-2009.12.31 
The University of Chicago, 

postdoc (USA) 

Santa Fe Institute, 
Postdoctoral Researcher 

(USA) 
USA 

2009.4.3-2010.9.30 

The Center for Particle 
Physics of Marseilles. 

Aix-Marseille University, 
Researcher (France) 

Instituto de Fisica 
Corpuscular, postdoc (Spain) 

France 

2008.11.1-2011.6.30 
University College London, 

doctoral course (UK) 

The Chinese University of 
Hong Kong, Postdoctoral 

Fellow (China) 
China 

2008.11.1-2011.2.21 
Seoul National University, 
Research Fellow (Korea) 

Chonnam National 
University, Assistant 
Professor (Korea) 

Korea 

2008.10.16- 
2011.10.15 

Tokyo Institute of 
Technology, JSPS Research 

Fellowships for Young 
Scientists (Japan) 

Private company (Japan) UK 

2008.10.16-2010.9.30 
Princeton University, 

Research Associate (USA) 

Institute of Astronomy & 
astrophysics, Academia 

Sinica, Assistant Research 
Fellow (Chinese Taipei) 

Chinese 
Taipei 
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2008.10.1-2011.9.30 
University of Amsterdam, 
postdoctoral researcher 

(Netherlands) 

European Organization for 
Nuclear Research, CERN 
Fellow  (Switzerland) 

Germany 

2008.10.1-2011.9.30 
University of Neuchâtel, 
postdoc (Switzerland) 

European Organization for 
Nuclear Research, CERN 
Fellow  (Switzerland) 

Italy 

2008.10.1-2011.6.30 

Graduate School of 
Mathematical Sciences, The 
University of Tokyo, JSPS 
Research Fellowships for 
Young Scientists (Japan) 

McGill University, Assistant 
Professor (Canada) 

France 

2008.9.19-2010.2.28 

High Energy Accelerator 
Research Organization, JSPS 

Research Fellowships for 
Young Scientists (Japan) 

Massachusetts General 
Hospital in Boston, staff 

(USA) 
Germany 

2008.9.1-2011.8.31 
Wayne State University, 
postdoc Fellow (USA) 

Ludwig Maximillian 
University, Research Fellow 

(Germany) 
Italy 

2008.9.1-2011.8.31 
The University of Chicago, 

doctoral course (USA) 

Scuola Internazionale 
Superiore di Studi Avanzati, 

postdoc (Italy) 
China 

2008.9.1-2011.5.31 
University of Wisconsin, 
doctoral course (USA) 

Zhejiang� University, 
Research Professor (China) 

China 

2008.9.1-2009.10.4 
State University of New York, 

doctoral course (USA) 

Institute for Defense 
Analyses, Staff Research 

Member (USA) 
USA 

2008.8.16-2011.8.15 
Harvard University, doctoral 

course (USA) 

Max Planck Institute for 
Gravitational Physics, 
postdoc (Germany) 

China 

2008.8.8-2010.12.15 
Durham University, Research 

Associate (UK) 
Arizona State University, 
Assistant Professor (USA) 

USA 

2008.5.1-2012.6.30 
Tohoku University, COE 
Research Fellow (Japan) 

Kavli IPMU. The University of 
Tokyo, Project Assistant 

Professor (Japan) 
Australia 

2008.5.1-2011.8.14 
Michigan State University, 

doctoral course (USA) 
Argonne National 

Laboratory, postdoc (USA) 
Chinese 
Taipei 
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World Premier International Research Center Initiative (WPI) 
Appendix 4-5. List of the Cooperative Research Agreements Outside 
Japan 
 
1. Counterpart of an Agreement: The Astrophysical Research Consortium 

Name of an Agreement: SLOAN DIGITAL SKY SURVEY IV  
MEMORANDUM OF UNDERSTANDING 

Dates of an Agreement: 17 FEB, 2014 
Summary of an Agreement: The Sloan Digital Sky Survey (SDSS) has been in operation since 

1998, in three prior phases (termed SDSS, SDSS-II, SDSS-III). It is 
operated by the Astrophysical Research Consortium (ARC) and uses a 
dedicated 2.5-m telescope with associated imaging and spectroscopic 
instrumentation at Apache Point Observatory, in Sunspot.  
The hardware and software systems of SDSS will be unmatched by any 
other facility for large-scale survey observations for several years to come. 
The combination of continuing significant scientific impact, the ability to 
make contributions to diverse fields of astrophysics, and the effectiveness 
of current and future operations provides the basis to continue for a new 
phase called SDSS-IV. 

 
2. Counterpart of an Agreement: The Intermediate Palomar Transient Factory (iPTF) 

Name of an Agreement: THE INTERMEDIATE PALOMAR TRANSIENT FACTORY  
A COLLABPRATIVE AGREEMENT (iPTF CA) 

Dates of an Agreement: 23 DEC, 2013 
Summary of an Agreement: Following on from PTF (The Palomar Transient Factory)’s success, 

this Collaborative Agreement (CA) codifies the Consortium known as The 
Intermediate Palomar Transient Factory (iPTF). iPTF will be a follow-on 
survey to PTF that will inherit many of the same assets (wide-filed MOSAIC 
camera and associated software etc.), but will build upon PTF’s success by 
employing new survey strategies to search for and study transient 
phenomena poorly measured by PTF.  
* The governing mechanism for the iPTF Consortium is the iPTF Board (the 

Board). The Board is composed of one representative from each Principal 
partner institution, plus the Caltech/COO Director in an ex offiio voting 
capanity. 

 
3. Counterpart of an Agreement: Steklov mathematical Institute, Russian Academy of Sciences 

Name of an Agreement: Memorandum of Understanding 
Dates of an Agreement: 15 SEP, 2013 
Summary of an Agreement: Kavli IPMU and Steklov Mathematical Institute are linked by 

common academic interests and seek to develop collaborations and 
exchanges in fields of shared interests and expertise.  
- The principles of Innovation and Collaborations for the advancement of 

teaching and research in mathematical sciences. 
 
4. Counterpart of an Agreement: Tsinghua university Mathematical Sciences Center 

Name of an Agreement: Memorandum of Understanding 
Dates of an Agreement: 29 MAY, 2013 
Summary of an Agreement: To encourage the development of the following types of activities 

In the “2011 Project” Proposal from MSC: 
- Visits and exchanges of students, faculty, and scholars in specific areas 

of education, research and outreach. 
- Organize and hold joint conferences, symposia, or other scientific 
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meetings on subjects of mutual interest. 
- Develop joint research programs and collaborations. 
- Exchange of academic information and materials. 
- Other exchange and cooperation programs to which both parties agree. 

 
5. Counterpart of an Agreement: The Astrophysical Research Consortium 

Name of an Agreement: SLOAN DIGITAL SKY SURVEY AS3 (“After SDSS-III”)  
MEMORANDUM OF UNDERSTANDING 

Dates of an Agreement: 25 MAY, 2013 
Summary of an Agreement: The Sloan Digital Sky Survey (SDSS) is a project observationally 

studying a large area of sky to measure large-scale structure, properties of 
galaxies, the structure of the Milky Way, and stellar astrophysics. The SDSS 
was succeeded by the SDSS-III project which extends to 30 June 2014. 

 
6. Counterpart of an Agreement: The Tata Institute of Fundamental Research 

Name of an Agreement: The assembly work of the silicon vertex detector (SVD) layers used in 
the Belle II experiment 

Dates of an Agreement: 10 MAY, 2013 
Summary of an Agreement: Kavli IPMU and the Tata Institute of Fundamental Research 

conduct the collaborative research. 
 
7. Counterpart of an Agreement: TRIUMF. The Governors of The University of Alberta,   

the University of British Columbia, Carleton University, Simon Fraser 
University, the Governing Council of the University of Toronto and the 
University of Victoria and such other universities who may become full 
member universities established pursuant to a contract governed by the 
laws of the Province of British Columbia operating a Joint Venture known 
as TRIUMF. 

Name of an Agreement: Memorandum of Understanding Between Kavli IPMU And TRIUMF 
Concerning Collaboration to Facilitate Joint Appointment 

Dates of an Agreement: OCT, 2012 
Summary of an Agreement: To document the terms governing this joint appointment and to 

ensure the necessary management elements to facilitate cooperation 
and the successful exchange of the identified employee. 

 
8. Counterpart of an Agreement: Universidade de São Paulo,California Institute of Technology,  

JetPropulsion Laboratory,Princeton University, Johns Hopkins  
University, Laboratoire d'Astrophysique de Marseille, Academia 
Sinica Institute of Astronomy and Astrophysics 

Name of an Agreement: Memorandum of Understanding among institutions of the  
     PrimeFocusSpectrograph Collaboration 

Dates of an Agreement: 11 AUG, 2012 
Summary of an Agreement: The PFS project aims to survey a large volume of the Universe at an 

unprecedented depth. It will use thousands of optical fibers each of which 
can be robotically controlled with hundred milliarcseconds accuracy pointing 
at a particular galaxy or star of interest. It will be mounted on the Subaru 
telescope in Hawaii that has a wide field of view. By contributing to the 
construction of PFS, the collaboration members expect to share observing 
time on the Subaru telescope, in full partnership with the Japanese 
astronomical community, under the framework of a Subaru Strategic 
Program. The contribution and commitment of each institution or consortium 
of institutions to the project are described. 

 
9. Counterpart of an Agreement: The Scuola Internazionale Superiore di Studi Avanzati (SISSA) 
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Name of an Agreement: AGREEMENT BETWEEN THE SCUOLA INTERNAZIONALE SUPERIORE  
DI STUDI AVANZATI (SISSA) AND THE INSTITUTE FOR THE  
PHYSICS AND MATHEMATICS OF THE UNIVERSE (IPMU) 

Dates of an Agreement: 24 FEB, 2012 
Summary of an Agreement: SISSA and IPMU recognize the value of educational, cultural, and 

scientific exchanges between international research institutions, and have 
determined that sufficient interest exists to establish a formal relationship 
to encourage the exchange of faculty, researchers, and graduate students. 

 
10. Counterpart of an Agreement: Princeton University 

Name of an Agreement: AGREEMENT ON ACADEMIC EXCHANGE BETWEEN THE UNIVERSITY  
OF TOKYO AND PRINCETON UNIVERSITY 

Dates of an Agreement: 21 DEC, 2010 
Summary of an Agreement: Implement exchanges and other activities in areas of academic 

research of mutual interest through the following. 
(1) Exchange of faculty and administrative staff and researchers. 
(2) Exchange of students. 
(3) Conducting collaborative research. 
(4) Holding joint lectures and symposia. 
(5) Exchange of academic information and materials. 

 
11. Counterpart of an Agreement: Unification of Fundamental Forces and Applications (UNIFY)  

Name of an Agreement: SEVENTH FRAMEWORK PROGRAMME Marie Curie Actions People 
International Research Staff Exchange Scheme 

Dates of an Agreement: 15 SEP, 2010 
Summary of an Agreement: The UNIFY exchange program has two main scientific objectives. 

One objective is to gain new insights on the quantum mechanical description 
of the gravitational interaction, an outstanding fundamental problem in 
theoretical physics, of crucial importance to our understanding of the 
Universe and of the forces between its basic constituents. The other main 
objective is to explore recent developments in String Theory and Quantum 
Gravity in the fields of Cosmology, Black Hole Physics and Gauge Theory. 
The forthcoming years will bring unprecedented experimental discoveries in 
these fields of research and are sure to call for new explanations and to 
shape our attempts to construct an unifying theory of all interactions. UNIFY 
will achieve its goals by setting a challenging exchange programme that 
involves world leading universities and institutes (FCUP, HU, Saclay, PI, YITP, 
IPMU). UNIFY institutions will organize a number of thematic work 
programmes to push our present knowledge of the law’s of nature to its very 
limit. UNIFY includes in its exchange programme a strong dimension on the 
training of the next generation of theoretical physicists, as to establish long 
lasting collaborations between its partners. 

 
12. Counterpart of an Agreement: The University of California, Berkeley  

Name of an Agreement: AGREEMENT ON ACADEMIC EXCHANGE BETWEEN THE UNIVERSITY  
OF TOKYO AND THE UNIVERSITY OF CALIFORNIA, BERKELEY 

Dates of an Agreement: 17 DEC, 2009 
Summary of an Agreement: Implement exchanges and other activities in areas of academic 

research of mutual interest through the following. 
(1) Exchange of faculty and administrative staff and researchers. 
(2) Exchange of students. 
(3) Conducting collaborative research. 
(4) Holding joint lectures and symposia. 
(5) Exchange of academic information and materials. 
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13. Counterpart of an Agreement: National Taiwan University, Leung Center for Cosmology and  
                               Particle Astrophysics (LeCosPA) 

Name of an Agreement: Memorandum of Understanding between The University of Tokyo,  
Institute for Physics and Mathematics of the Universe 

Dates of an Agreement: 24 JUN, 2009 
Summary of an Agreement: Collaborate on the research topics relating to cosmology and 

particle astrophysics. 
(1) Measurements and analysis of microwave background and related 

phenomena, 
(2) Theory and observation of dark energy and dark matter, 
(3) String cosmology, 
(4) Large scale structure formation and evolution, 
(5) Ultra-high energy cosmic rays and neutrinos and the cosmic 

accelerator that produces them, 
(6) Gemma ray bursts. 

 
14. Counterpart of an Agreement: Deutsches Elektronen Synchrotron (DESY) 

Name of an Agreement: Agreement of Cooperation between Deutsches Elektronen  
Synchrotron (DESY) and the Institute for the Physics and  
Mathematics of the Universe (IPMU), University of Tokyo  

Dates of an Agreement: 24 JUN, 2009 
Summary of an Agreement:  
��DESY offers 2-year postdoctoral positions in the frame of its annual fellowship programme. 
��DESY, after consultation and only in agreement with IPMU, may offer to a postdoc, who is 

supposed to work in one of the above mentioned field of common interests, an option of 
extending the appointment for the another 1-2 years (thus making it into a 3-4 years  
appointment) with the extra 1-2 years being spent at the IPMU in Tokyo. 

��The extra 1-2 years can be chosen by the postdoc him/herself in agreement with the DESY 
and IPMU theory groups. The stay at IPMU can start after the first year at DESY, with the 
option to return to DESY to complete the 2 year fellowship. 

��During the stay at IPMU the postdoc remains employed at DESY. The salary is paid directly to 
the postdoc by IPMU instead of DESY during the 1-2 years. 

��DESY and IPMU will intensify the already existing collaboration by increasing the exchange of 
staff, postdocs and graduate students. 

 
15. Counterpart of an Agreement: Garching/Munich Cluster of Excellence on “The Origin and  
                              Structure of the Universe” 

Name of an Agreement: Memorandum of understanding between Garching/Munich Cluster of 
Excellence on “The Origin and Structure of the Universe” and Institute 
for the Physics and Mathematics of the Universe, Tokyo 

Dates of an Agreement: 25 FEB, 2009 
Summary of an Agreement: Garching Excellence Cluster and IPMU acknowledge the existence 

of common principles and goals that make it desirable for the two parties to 
cooperate in scientific collaboration and education. 
� Explore the creation of a strong collaboration on these questions related 

to the formation and evolution of the Universe, the innermost structure 
of matter, space and time and the nature of the fundamental forces. 

� Explore prospects and possibilities to participate in projects of the other 
party. 

� Organize international conferences, workshops, and schools. 
� Exchange personnel and organize visit, including the possibility of joint 

appointment. 
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16. Counterpart of an Agreement: The Astrophysical Research Consortium  
Name of an Agreement: SLOAN DIGITAL SKY SURVEY III MEMORANDUM OF UNDERSTANDING 

BETWEEN The University of Tokyo and The Astrophysical Research 
Consortium 

Dates of an Agreement: 2 FEB, 2009 
Summary of an Agreement: The Sloan Digital Sky Survey (SDSS) is a project observationally 

studying a large area of sky motivated primarily by extragalactic problems 
including large-scale structure, properties of galaxies, and other topics. 
The SDSS was operated by the Astrophysical Research Consortium (ARC) 
to June 2005, and was succeeded by the SDSS-II project to 30 June 2008. 
The two SDSS projects included a Japanese team, which included a 
number of members from the University of Tokyo. The SDSS-III is a new 
project that succeeds the SDSS and SDSS-II with new scientific product 
obtained by the earlier SDSS projects. The continuing significant scientific 
impact together with the ability to make contributions to diverse fields of 
astrophysics justifies the SDSS-III. 
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World Premier International Research Center Initiative (WPI) 
Appendix 4-6. Holding International Research Meetings 
* For each fiscal year, indicate the number of international research conferences or symposiums held and give up to two examples of the 

most representative ones using the table below.  

 

Date Meeting title and Place held Number of participants 

January 31- 
February 2, 2016 

2nd Hyper-Kamiokande Proto-Collaboration Meeting, 
Lecture hall, Kavli IPMU 

Overseas: 68 
Domestic: 42 

December 10-16, 
2015 

B mode from Space, Lecture hall, Kavli IPMU Overseas: 71 
Domestic: 59 

May 25-29, 2015 
International Workshop on Condensed Matter Physics 
& AdS/CFT, Kavli IPMU 

Overseas: 41 
Domestic: 80 

November 17-21, 
2014 

Galaxies and Cosmology in Light of Strong Lensing, 
Kavli IPMU 

Overseas: 48 
Domestic: 18 

November 10-14, 
2014 

The 24th Workshop on General Relativity and 
Gravitation (JGRG24), Kavli IPMU 

Overseas: 20 
Domestic: 152 

April 21-24, 2014 
Floer and Novikov homology, contract topology and 
related topics, Kavli IPMU 

Overseas: 12 
Domestic: 38 

February 10-14, 
2014 

Primitive forms and related subjects 
Lecture hall, Kavli IPMU 

Overseas: 41 
Domestic: 40 

January 27-28, 
2014 

4th Open Meeting for the Hyper-Kamiokande Project 
Lecture hall, Kavli IPMU 

Overseas: 64 
Domestic: 40 

December 02-04, 
2013 

SUSY: Model-building and Phenomenology 
Lecture hall, Kavli IPMU 

Overseas: 12  
Domestic: 49 

November 12-16, 
2012 

Homological Projective Duality and Quantum Gauge 
Theory, Kavli IPMU 

Overseas: 25 
Domestic: 21 

August 13-16, 2012 PFS 3rd General Collaboration Meeting  
Kavli IPMU 

Overseas: 51 
Domestic: 17 

June 25-29, 2012 Workshop: Geometry and Physics of the Landau 
Ginzburg Model, Kavli IPMU 

Overseas: 21 
Domestic: 37  

March 12-16, 2012 IAU Symposium 279: Death of Massive Stars: 
Supernovae and Gamma-ray Bursts, Nikko 

Overseas: 100 
Domestic: 59  

October 31 - 
November 4, 2011 

Curves and Categories in Geometry and Physics 
IPMU 

Overseas: 15 
Domestic: 33  

September 27 - 
October 1, 2010 

Horiba International Conference on Cosmology and 
Particle astrophysics (COSMO/CosPA 2010) 
Ichijo Hall and other rooms, Hongo Campus 

Overseas: 159 
Domestic: 135 

June 28 - July 2, 
2010 

CLJ2010: from Massive Galaxy Formation to Dark 
Energy, Media Hall, Kashiwa Campus 

Overseas: 107 
Domestic: 53 

February 8-12, 
2010 

Focus Week: Condensed Matter Physics Meets High 
Energy Physics, Lecture Hall, IPMU 

Overseas: 40 
Domestic: 160 

June 22-26, 2009 IPMU International Conference Dark Energy: Lighting 
up the Darkness!, Media Hall, Kashiwa Campus 

Overseas: 55 
Domestic: 79 

May 18-22, 2009 Focus Week: New Invariants and Wall Crossing 
Kashiwa Campus 

Overseas: 17 
Domestic: 61 
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March 16-20, 2009 

Focus Week: Determination of Masses and Spins of 
New Particles at the LHC 
Room 633, Research Centers Building, Kashiwa 
Campus 

Overseas: 33 
Domestic: 27 

March 11-12, 2008 IPMU Opening Symposium 
Media Hall, Kashiwa Campus 

Overseas: 18 
Domestic: 119 
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Appendix 5-1. Host Institution’s Commitment 
1. Contributions from host institution 

 
 (1)  Fund, Personnel 

* Regarding "Fund" entry, describe with reference to the items in the Progress Report(Jisseki-hokoku-sho)based on Article 12 of the Grant 

Guidelines�Kofu-yoko). 

* Don’t include competitive funding obtained by researchers (used as research project funding) 
* Under “Personnel”, enter the number of full-time administrative staff within the parenthesis. 

 

 

(2007-2012) 

<Fund>� � � � � � � � � � � � � � � � �                                           

(million yen) 

Fiscal Year 2007 2008 2009 2010 2011 2012 

Personnel 
- Faculty members 
(including 
researchers) 

Full-time 
Concurrent 
Postdocs 
RA ect. 
Research    
support staffs 
Administrative 
staffs 

Project activities 
Travel 
Equipment 
Research projects 

Total 

94 
68 

 
 

0 
68 
0 
0 
0 
 

26 
 

3 
1 
0 

290 

388 

258 
150 

 
 

0 
150 

0 
0 
0 
 

108 
 

18 
1 
0 

536 

813 

235 
160 

 
 

10 
150 

0 
0 
0 
 

75 
 

113 
2 
7 

646 

1,003 

278 
201 

 
 

10 
191 

0 
0 
0 
 

77 
 

7 
6 
0 

503 

794 

229 
229 

 
 

10 
219 

0 
0 
0 
 

0 
 

23 
1 
3 

675 

931 

257 
257 

 
 

24 
233 

0 
0 
0 
 

0 
 

8 
1 
0 

675 

941 

<Personnel>� � � � � � � � � � � � � � � � � � � � � �   � � �             

(person)� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  

Fiscal Year 2007 2008 2009 2010 2011 2012 

Personnel 
- Faculty members 
(including 
researchers) 

Full-time 
Concurrent 
Postdocs 
RA etc. 
Research    
support staffs 
Administrative 
staffs 

16 
10 

 
 

0 
10 
0 
0 
0 
 

6(6) 

38 
28 

 
 

0 
28 
0 
0 
0 
 

10(10) 

42 
31 

 
 

1 
30 
0 
0 
0 
 

11(11) 

52 
41 

 
 

1 
40 
0 
0 
0 
 

11(11) 

44 
44 

 
 

1 
43 
0 
0 
0 
 

0 

48 
48 

 
 

3 
45 
0 
0 
0 
 

0 
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 (2013-2016) 

<Fund>� � � � �                                            � (million yen) 

Fiscal Year 2013 2014 2015 2016 Total 

Personnel 
- Faculty members 
(including 
researchers) 

Full-time 
Concurrent 
Postdocs 
RA ect. 
Research    
support staffs 
Administrative 
staffs 

Project activities 
Travel 
Equipment 
Research projects 

Tot 

271 
271 

 
 

33 
238 

0 
0 
0 
 

0 
 

42 
1 
0 

560 

874 

297 
296 

 
 

49 
247 

0 
0 
1 
 

0 
 

185 
1 
0 

584 

1,067 

353 
352 

 
 

94 
258 

0 
0 
1 
 

0 
 

70 
1 
9 

1,084 

  1,517 

339 
339 

 
 

105 
234 

0 
0 
0 
 

0 
 

20 
3 
0 

799 

1,161 

2,611 
2,323 

 
 

335 
1,988 

0 
0 
2 
 

286 
 

489 
18 
19 

6,352 

9,489 

<Personnel>� � � � � � � � � � � � � � � � � � � � � �   � � �  (person)� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  

Fiscal Year 2013 2014 2015 2016 Total 

Personnel 
- Faculty members 
(including 
researchers) 

Full-time 
Concurrent 
Postdocs 
RA ect. 
Research    
support staffs 
Administrative 
staffs 

49 
49 

 
 

3 
46 
0 
0 
0 

  
0 

52 
52 

 
 

5 
47 
0 
0 
2 
 

0 

61 
59 

 
 

9 
50 
0 
0 
2 

  
0 

59 
59 

 
 

9 
50 
0 
0 
0 

  
0 

463 
421 

 
 

32 
389 

0 
0 
4 
 

38 (38) 

 
 (2) Provision of land and/or building(s), lab space, etc.   

 
The university provides land free at the Kashiwa-Campus for the Kavli IPMU building. It is 
approximately 1,600 m2. 

 
2. System under which the center’s director is able to make substantive personnel and 
budget allocation decisions 
 
From the beginning, UTokyo developed an innovative scheme to allow the positioning of the Kavli IPMU as an 
organization directly under the Office of President working in an organic linkage with existing university 
organizations. In January 2011, UTokyo established the UTIAS and the Kavli IPMU was accepted as its first 
member institute. Under this scheme, Director of the Kavli IPMU has decision-making power in the operation 
of the Institute, including the recruitment of researchers 
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3. Support for the center director in coordinating with other departments at host institution 
when recruiting researchers, while giving reasonable regard to the educational and 
research activities of those departments 
 

In order to ensure that education and research activities of the University faculties and institutions from 
which the researchers are gathered for the Kavli IPMU, the Administration Bureau provided any necessary 
financial support, such as for personnel expenses of substitute teaching staff, to the concerned university 
departments and divisions. This allows such departments and divisions to take measurements including 
securing substitute teaching staff, expecting further improvement in the mobility of researchers within the 
University.  
 
 
4. Revamping host institution’s internal systems to allow introducing of new management 
methods 
(e.g., English-language environment, merit-based pay, cross appointment, top-down decision making unfettered by conventional modes of 
operation) 

 
As described above, UTokyo has developed an innovative scheme to allow positioning of the Kavli IPMU 

within UTIAS. Under this scheme, the Kavli IPMU has taken charge in the operation of the organization, 
including the recruitment of researchers. New special regulations were also established designating the Kavli 
IPMU as a special zone in which participating researchers and support staff members are allowed a limited 
exemption from some restrictions under the work rules that are generally applied within the university. Those 
measures are; English bilingual staff can be easily hired, recruit prominent researchers from all over the world 
based by paying internationally competitive salary, possible joint appointment between the Kavli IPMU and 
the foreign universities, and so on. 
 
 
5. Utilities and other infrastructure support provided by host institution. 
 (*In addition to listed in the item 1. Contributions from host institution) 
 
 

UTokyo places great importance on the development of an environment to permit excellent researchers 
from overseas to steadily concentrate on their research activities. Priority allocation of the residences at the 
opened facility has already been made for researchers invited to the Kavli IPMU from overseas. Top priority 
has given to the appropriation of land for a research building for the Kavli IPMU and its financing. In 2011, the 
University built a fancy five-story ‘fusion building’ for the Kavli IPMU. It is a spiral configuration without any 
concrete definition of each story. All the researchers, staffs moved from an inconvenient pre-have house to 
this confortable new building. 
 
 
6. Support for other types of assistance 
 

With the aim of supporting the establishment of an internationally competitive center through the 
program, UTokyo has set up a committee headed by the board member in charge of the program. The 
committee, in addition to ensuring university-wide support for the Kavli IPMU, has been worked in close 
cooperation with the Global COE (Centers of Excellence) Program, the Leading Graduate School Program, and 
other schemes, as part of its role to produce maximum synergy. The administrative functions of the 
Administrative Bureau were reorganized in 2007 to intensively support the Kavli IPMU, among other 
organizations. With these schemes, the University has provided the maximum possible consistent support for 
the promotion of the Kavli IPMU concept.  
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World Premier International Research Center Initiative (WPI) 
Appendix 5-2. The Host Institution’s Mid-term Plan 
 
 
The First Term (April 1, 2004 – March 31, 2010) 

! Objectives on Enhancing the Systems for Research 
Actively promote the establishment and development of a core research facility. 

! Measures to Achieve the Objectives on Enhancing the Systems for Research 
• Specific measures on the development of research facilities to function as centers for nationwide 

and worldwide collaboration 
• Based on institutes, national common use facilities, and university common facilities for education 

and research, develop centers for national and international research collaboration in the 
university.   

• At the world’s top level research center, the “Institute for the Physics and Mathematics of the 
Universe”, intensively develop organizations to investigate the origin and evolution of the universe 
through the collaboration of mathematics, physics and astronomy. 

 
The Second Term (April 1, 2010 – March 31, 2016) 

! Objectives on Internationalization 
      Contribute to society through internationalizing education and research, strengthening the presence 
      of Japan in the world, and creating relationships for international cooperation. 

! Measures to Achieve the Other Objectives 
      Measures to Achieve the Objectives on Internationalization 

• In order to advance internationalization even more, constantly revise the mid- and long-term 
strategy for enhancing internationalization and develop and utilize the organization for realizing 
the objectives.   

• Specifically, promote international research collaboration in the field of advanced astronomical        
scientific research, as well as develop the environment for education by inviting world-class 
researchers. 
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World Premier International Research Center Initiative (WPI) 
Appendix 5-3. Transition in the Number of Female Researchers 
 
* Enter the number and percentage of female researchers in the top of each space from 2010 to 2015 and the total number of all the 
researchers in the bottom. 

(person) 

 FY2010 FY2011 FY2012 FY2013 FY2014 FY2015 Final goal 

Researchers 
10, 5% 4, 2% 12, 5% 12, 5% 15, 6% 11, 4% 5, 2% 

194 209 236 250 255 259 213 

 

Principal 

investigators 

1, 6% 1, 5% 1, 6% 1, 6% 1, 6% 1, 5% 1, 5% 

18 19 18 18 18 19 22 

Other 

researchers 

9, 5% 3, 2% 11, 5% 11, 5% 14, 6% 10, 4% 4, 2% 

176 190 218 232 237 240 191 

�
�
�
�
�
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World Premier International Research Center Initiative (WPI) 
Progress Plan for the Extended Period 

Host Institution The University of Tokyo Host Institution Head Makoto Gonokami 

Research Center 
Kavli Institute for the Physics and Mathematics  

of the Universe 
Center Director Hitoshi Murayama 

* Write your report within 6 pages. 
* Use yen (¥) when writing monetary amounts in the report. If an exchange rate is used to calculate the yen amount, give the 
rate. 

1. Mid- to Long-term Research Objectives and Strategies Based on the 
Center’s Results during Funded Period 

Describe new challenges in the Center’s research objectives and plans for the extension period. If major adjustments will be made 
in the Center’s operation, such as newly set research themes/objectives or a change in the director, describe the strategic 
background to the adjustments. 
 

We propose challenges in the five-year extension period addressing new objectives to 
(1) create new areas and tools of statistics, integrating mathematics with observation and 

experiments; 
(2) create new synergies among the fields not imagined at the launch; and 
(3) discover new major framework for geometric thinking in mathematics and physics with the 

derived and non-commutative geometry, e.g., to unify various types of dualities. 
We will achieve these goals building on the initial success by 

(4) executing projects successfully to produce world-competitive results on dark energy, dark 
matter, and inflation; and 

(5) attracting and retaining the best and broadly minded scientists from around the world. 
We believe we have attained the world premier status in the initial 10 years, and our ambition is 

very clear. We would like to regularly create new theories and new data based on the 
interdisciplinary mutual stimulation of mathematics, theoretical physics, experimental physics, and 
astronomy. We will produce world-competitive results on dark energy properties, dark matter 
distributions, dark matter cross sections, and the inflationary scale. We will interpret them and build 
new theories of the Universe. We have created many synergies among disciplines, both proposed 
and unanticipated (see Fig. 1). We will create new synergies that were unimaginable before, e.g., 
between astronomy and string theory via new data, experiment and mathematics via statistics, and 
enhanced connection to condensed matter physics. We will stick to the basic philosophy of the 
institute as originally proposed. The Five Questions are broad enough to encompass rapid changes 
in everyday research objectives.  

It is difficult to imagine how we viewed the Universe 
only a century ago. We did not know that there are 
galaxies outside our own. The Universe was believed 
to be static with no beginning, even by Einstein. No 
planets were known outside our solar system. Atoms 
were believed to be indivisible. It appeared stupid to 
contemplate forms of matter other than the atoms we 
are made of. Laws of physics were deterministic rather 
than probabilistic. The famous pie chart of the cosmic 
energy fraction became available only a decade ago. 
We have been through an explosive growth in our 
understanding of the Universe. We anticipate that the 
next decades will bring more surprises and excitements. 
We want to lead this development. 

Over time, mathematics and physics took their own 
separate ways. In 1970’s famous theoretical physicist 
Freeman Dyson lamented, “the marriage between 
mathematics and physics, which was so enormously fruitful in past centuries, has recently ended in 
divorce.”  However, the Kavli IPMU has already brought mathematicians and physicists together to 
inspire mutually to boost each other’s research. It has not been an easy task yet it proved extremely 
fruitful already. 

Within the 10 years of existence, there have been major breakthroughs in our fields. A Higgs 
boson was discovered, allowing us to contemplate the Universe less than a billionth of a second 
after the Big Bang in a quantitative fashion, addressing “How did the Universe begin?” The new 

Fig.1 Synergies at the Kavli IPMU in three 
categories: proposed & achieved; 
unanticipated & achieved; and will be 
achieved in the extension period.  
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mixing angle among neutrinos was discovered, allowing for experimental tests on how the 
anti-matter disappeared since the Big Bang, addressing “Why do we exist?” Our PI, Takaaki Kajita 
awarded the 2015 Nobel Prize in physics. The fundamental lemma in the Langlands program proven 
by Ngô Bảo Châu used Hitchin fibration that was inspired by integrable systems in physics and 
formulated with algebraic geometry; it confirms our choice of geometric approach and connection to 
physics in “What are the fundamental laws?” Because of these breakthroughs, we are readjusting 
ourselves getting prepared to the next breakthroughs.  

We have learned lessons. It is counterproductive to force everybody from mathematicians, 
theoretical physicists, experimental physicists, to astronomers to come to every single research 
presentation. Occasional high-level talks are very useful, yet daily research should be based on 
more specialized technical talks. Theoretical research requires “time to think”. We need to maintain 
a healthy balance between lively discussions at teatime and workshops to brainstorm and create 
new ideas, versus quiet time to read papers, think through problems, and work things out. Projects 
in large experiments and astronomical surveys require manpower, and we need a balanced 
spectrum of expertise to build instruments and make sense out of the acquired data. Different 
cultures remain even within small subfields. Yet the initial phase of the Kavli IPMU proved 
interactions among them can produce new directions and new fields. It was absolutely critical that 
we managed to collocate mathematicians with physicists, despite the original proposal to place 
mathematicians on the Komaba campus. 

Given this context, we want to grow from a world premier institute to a world-leading one with 
the following challenging goals. 

(1) Statistics 
Amount and type of data anticipated in our projects exceed the current ability for meaningful 

analyses. Statistics, being a branch of mathematics, will bring us an additional axis in connecting 
different fields at the Kavli IPMU. At the same time, access to our large data sets would help 
statisticians to test their ideas on real data and improve their theories. The relationship will be 
win-win for both sides. From the initial phase of explorations, we seemed unlikely that we would 
attract world-class statisticians to our faculty. Instead, we have established the collaboration to 
work together with statisticians at the Institute for Statistical Mathematics (ISM) in Tokyo. Working 
closely both with the software team in Princeton and Marseille, and statisticians at ISM and other 
institutions, we develop new statistical tools and new areas of statistics to achieve our goal. 

(2) New Synergies 
We successfully created synergies as proposed initially, and were surprised to discover 

unanticipated synergies among disciplines. Direct connection between geometry and astronomy 
was not imagined. We uncovered tight synergy between condensed matter physics and string 
theory, phenomenology, and representation theory. We will further expand the interconnected web 
of subfields. Even though we cannot predict what further synergies might arise, we can anticipate. 

Accelerator, Underground, Astronomy, phenomenology: XMASS may find a dark matter signal, 
creating a new synergy between underground and accelerator experiments. We add Kim, who is 
one of world leaders on an LHC experiment, to our PIs to amplify connection with our 
phenomenology effort. Together with SuMIRe, it builds three-way connections to astronomy. 
Underground KamLAND-Zen, accelerator-based T2K constrain neutrino properties; we may come 
up with new theories of baryon asymmetry with predictions tested by astronomical SuMIRe survey. 
The Gd-loading of Super-Kamiokande will discover neutrinos from past supernova billions of years 
ago by the end of the extension period, creating a new synergy between astronomy and 
underground experiments.  

Astronomy and String Theory: SuMIRe and LiteBIRD will probe the quantum theory of gravity, 
bringing a new synergy between astronomy and string theory.  

(3) New frameworks in mathematics and physics 
One of our goals is to create a center that serves merging the languages of physicists and 

mathematicians. We recruited Kapranov from Yale who is a visionary leader behind the derived and 
non-commutative geometry. It has already proved successful, producing a simple proof for a very 
deep fundamental result in “p-adic Hodge theory.” He also pioneered in observing similarities 
between supersymmetric quantum field theories and research of higher dimensional local fields in 
number theory, which is now developing into a subject of intensive research worldwide, as Beilinson, 
Drinfeld, Kapustin, and Witten also point out in the geometric Langlands program. We expect a 
bridge from algebraic geometry to arithmetic geometry and to other areas of mathematics will be 
constructed, based on the categorical aspects of the subject of his expertise. PIs Bondal, Kapranov, 
Toda, and faculty members Abe, Milanov, Saito, in collaboration with Kavli IPMU physicists, form a 
powerful group. We are uniquely positioned to discover the fundamental categorical background for 
elucidating the expected deep connection between number theory and geometry of string theory.  
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In order to achieve the above goals, we need to improve on our success. 

(4) Execution of projects 
SuMIRe and LiteBIRD, new initiatives hatched and led by the Kavli IPMU, have promise to 

produce the world competitive data on dark energy and the fate of the Universe, and inflation and 
the beginning of the Universe, respectively. XMASS is refurbished and poised to produce 
low-background data, and plans to upgrade to XMASS1.5. KamLAND-Zen is also overcoming 
residual background and reaching the inverted hierarchy mass range. Gd-loading of 
Super-Kamiokande will discover the diffuse supernova neutrinos. They are all expected to produce 
world-competitive data by the end of five-year extension. Therefore, one and crucial aspect of the 
research objectives in the five-year extension period is successful execution of the planned projects.  

At the beginning of the institute, we needed quick access to data and joined a number of ongoing 
projects, while we planned and built Hyper Suprime-Cam (HSC) for the Subaru telescope at the 
same time. Having successfully carried out the initial plans, we are moving to a focused program of 
SuMIRe (HSC and Prime Focus Spectrograph PFS). We could successfully initiate PFS thanks to the 
interdisciplinary composition of the institute with astronomers and particle phenomenologists 
working together. The project is unique in the world, with both imaging (HSC) and spectroscopic 
(PFS) surveys on one of the largest telescopes in the world. We will measure the dark energy 
parameters at better than a percent level, and we may well learn that the accelerating expansion 
will come to an end, or that the Universe has a finite life. We will also produce a detailed 3D map of 
dark matter to study the evolution of structure.  

On the other hand, Universe is believed to have started with a cosmic inflation when the whole 
Universe was much smaller than the size of an atom, which should have produced primordial 
gravitational waves from quantum fluctuations. We had started working towards the LiteBIRD 
satellite before the report. Our proposal was put on the Japanese Master Plan of Large Research 
Projects of the Science Council of Japan, as well as chosen for the highest grades on the list put 
together by MEXT. It will discover the direct evidence of the cosmic inflation in any models within a 
broad class called “large field” models. Both SuMIRe and LiteBIRD address quantum gravity theory 
in different ways bridging astronomy and string theory. 

(5) Excellence of people 
Given the above context, the collection of subfields, skills, and expertise we accumulated 

appears to be the right spectrum for the next decade. Therefore, the highest priority is to attract 
and retain the best people from around the world building on our current spectrum of research fields. 
As the history suggests, our fields evolve into new directions with every surprising discoveries. We 
may well see major such discoveries, such as supersymmetry, running of dark energy equation of 
state, signal of dark matter, evidence of cosmic inflation, new theories of quantum gravity, or major 
breakthroughs in mathematics. Therefore, we need to have people who are broadly minded and 
flexible yet with deep expertise. People are the key; without excellence, we will not thrive. 

We are proud of the fact that our faculty and postdocs have been wooed by other institutes so 
much, even though this by itself poses a big challenge. Eight faculty members were promoted to 
positions at other institutions, with two more to follow. On the other hand, we have successfully 
retained six current faculty members against outside offers, Toda, Takada, Abe, Bundy, Leauthaud, 
More, and brought back Yoshida on the newly created system of split appointments within the 
University of Tokyo (UTokyo) and Tachikawa as a full professor on Kavli IPMU. We are now wooing 
faculty from other institutions, such as Kapranov from Yale. Overall we have hired 47 faculty 
members on site so far, and have to keep fighting the battle to attract and retain the best people. 
Now with a long-term future, we believe we can attract a greater pool of outstanding candidates. 
Newly established system for split appointments will further enhance our opportunities, while we 
work on institutes like KEK and NAOJ to make such arrangements possible. Our strategy to hire 
couples also proved quite successful, as smaller institutions may not be able to afford to hire both. 
In addition, we have new creative ideas as discussed in the next section. 

We will make further attempts to integrate the whole institute scientifically. We plan to have an 
internal workshop bringing all members on Kashiwa campus to the Kamioka laboratory. With 
organized all-hands meetings, we will make sure that our members are aware of research interests 
of colleagues. The daily teatime will continue to function as the melting pot of our members from all 
fields. We maintain already strong brain circulation at the Kavli IPMU. 
 
2. Management System of the Research Organization 
 

2-1. Describe the Center’s Research Organizational Management System that will 
Execute the Research Strategy and Plan Described above.  

・	 In Appendix 1, list the PIs who will ensure that the Center’s project is sustained and advanced in the extended period.  
・	 In Appendix 2, diagram the Center’s organizational management system. 
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The current management structure allows for quick decisions for recruitments, retentions, as 

well as timely workshops and visitors to enhance our research, unlike in the traditional communal 
decision process at Japanese Universities. We must maintain this flexibility for quick decisions to 
remain competitive with world-leading institutions. Now with tenured positions, we would have 
faculty members involved more in discussing long-term scientific policies. It will develop a wider 
“sense of ownership” of the institute among younger members who will carry the institute into next 
decades. The five-year extension period is positioned to achieve this transition from the mode 
operated by Directorate alone to a mode in which PIs and faculty are actively involved in shaping 
the future of the institute. Yet we make sure to keep the responsibilities minimum to our PIs and 
faculty within this philosophy and the Directorate retains power to make ultimate decisions. Note 
that the entire faculty has always been involved in hiring decisions on postdocs and new faculty 
members. We optimize top-down decisions on day-to-day management while exploit bottom-up 
initiatives on research agendas. The organization remains flat with no “departments” within the 
institute, and the Directorate is always open to new initiatives from the individual faculty members. 

The lineup of PIs will be revamped and younger with a higher fraction of on-site members. It 
reemphasizes core research programs with new PIs: Hori, Martens, Matsumoto, Moriyama, Takada, 
Toda, Vagins, Yoshida. We add Kim, one of leaders on the LHC experiment, to build closer 
collaborations between experimentalists and theorists, and Komatsu to launch new initiatives such 
as LiteBIRD. Nomura works at the Berkeley satellite to strengthen the ties between research at 
UTokyo and Berkeley. Kapranov adds a new dimension to mathematics research described earlier. 

 
2-2. Initiatives and Plans that will Impel System Reforms  
Describe the Center’s action plan that embodies the basic policies of the National University Reform Plan or Independent 
Administrative Agency Reform Plan, and the Center’s plan and strategies that lead to host institution reforms either directly or via 
ripple effects (also to other institutions, if applicable). Describe also the Center’s strategies for fostering and securing the next 
generation of researchers (e.g., introduction of tenure tracks), and the system for enhancing the Center’s organizational 
management, such as the implementation/verification PDCA system. 
 

Concerning the system reform, we take up challenge 
(6) to bring successful system reforms to the rest of the University and other research institutions 

to help boost the overall competitiveness of Japan on the global scale; 
(7) to make a serious attempt to create a new international graduate program with vigorous 

student exchanges; By a new program to bring Oxford students, three students come this 
summer and at least three more next summer. By a new internationall graduate program with 
physics (GSGC), one student from China comes this fall. 

(8) to enlarge the force for outreach to young students, by organizing workshops for scientists and 
high-school teachers; and 

(9) to attain sufficient stability of the organization so that we can bring our research objectives 
beyond the WPI funding. 

The National University Reform Plan asks “How do Japanese universities overcome the intense 
global competition in research and education?”  In order to take an advantage in the global 
competition of the university research and education, it is clearly pointed out in “the stance of the 
National University aiming the third stage for the mid-term plan” and in “the concept to enforce the 
National University function in near future” by MEXT that the following measures are recommended: 

(a) accelerate to accomplish the world premier initiative through a globalization of the human 
resource system, 

(b) renovation of employment and salary system, 
(c) nurture excellent young researchers, and enhance foreign researchers’ activity, 
(d) arrangement of the education and research environment for innovative activity. 

The Kavli IPMU has been active to promote the recommended system reform addressing, e.g., 
• establishing the environment to concentrate the research (a,c,d) 
• split appointments with institutes outside Japan (b) 
• merit-based salary system (b,c) 
• global standard for the hiring system (a,b,c,d) 
We have been paying special attention to foster young researchers. Our policy to require at least 

one month (and up to three months) of absence to travel abroad has been extremely successful in 
giving young researchers enough exposure to the international community and in securing the next 
positions. In addition, the large number of workshops and visitors ensure that our members have 
access and exposure to leading researchers from all over the world. Many American postdocs 
remarked that they had easier time meeting important figures in the field at the Kavli IPMU than at 
a typical American university. This effort has been the key to achieve our international composition 
with almost half of the researchers being non-Japanese nationals. About a half of approximately 800 
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visiting researchers annually are from abroad. About 700 applicants annually compete for about 18 
postdoc positions. 

As an important aspect of fostering and securing the next generation of researchers, we intend 
our Assistant Professor positions to be tenure-track. For young faculty members, we minimize duties 
before they are tenured in order to concentrate on research, which is the primary review criterion. 
Assistant Professors are hired for the initial five years, and the review will determine whether the 
appointment (1) ends at the end of the fifth year, (2) is extended for three more years, or (3) is 
promoted to Associate Professorship with tenure. Yet our intension has not been fully realized 
because of the lack of tenured positions. Now that we are given several positions from the 
University and MEXT, we will start to implement the intended system. 

A new approach proved successful. Under the joint TRIUMF-Kavli IPMU agreement, for the first 
five years, an Assistant Professor can work in the both institutions on a tenure-track position. After 
five years, he or she can choose the institution for a permanent position. We attracted highly 
qualified applicants with this attractive arrangement. Hartz won this new position and we could 
recruit him against the Wilson Fellow offer from Fermilab, and started research splitting his time 
75% at the Kavli IPMU and the rest at TRIUMF. We will expand this model. 

(6) Propagate system reform 
The successful reforms of the system and organization within the Kavli IPMU should not stay 

confined within our Institute. Already, many of our accomplishments, e.g., merit-based salary scale, 
split appointments, employment by a mixture of funds, “nenpo” system, etc., are taken up by the 
University administration as well as MEXT in their National University Reform Plan as models for the 
reform of the Japanese National Universities. We take the role of an evangelist to make these 
reforms permeate the system to boost the overall competitiveness of research in Japan. For 
instance, we worked on other Japanese institutions, National Astronomical Observatory Japan 
(NAOJ) and KEK, and created split appointments that have been successful with non-Japanese 
institutions, e.g., Murayama with Berkeley or Bondal with Steklov Institute. 

(7) Create a New Graduate Program 
We believe working with graduate students is an indispensable aspect of a world premier 

research institution. It has been extremely fortunate that some of our faculty members were 
allowed to be a part of the traditional graduate schools of UTokyo and officially supervise students.  
Yet some still do not have access, and Assistant Professors cannot supervise students in the current 
system of UTokyo. We would like to create a new program for graduate students, through student 
exchanges with departments inside and outside UTokyo, in addition to the current program. From 
the initial exploration, it does not appear impossible to create our own graduate school either. In the 
extension period, as we will see more permanent structure to the Institute, we propose to make a 
major attempt to device a new graduate program in particular for students from overseas. We will 
promote exchanges of students with our collaborating institutions inside and outside Japan. In 2015, 
we took an action to establish a new scheme to work with graduate students in Oxford University. 
We also join a new international graduate program with physics (GSGC) to attract excellent 
graduate students from universities all over the world. 

(8) Young Students 
Outreach to young students is crucial for the future of the country to attract best minds to 

science, technology, engineering, and mathematics to secure next generation of researchers. Even 
though the recent tide of students to shy away from these fields has slowed, the fraction to take up 
these fields is still alarmingly low. Our outreach activities so far have been wildly popular and 
successful, yet we should plan in a more systematic way to have the maximum impact on young 
students. Thanks to new hires at the Kavli IPMU, we can pay a more careful attention to this activity. 
It is clear that the only way to boost impact without putting more burdens on our scientific members 
is to broaden the force. We are already in discussion with the Alan Alda Center for Communicating 
Science at Stony Brook University to host a workshop on science communication to train scientists. 
We plan to propose a workshop for high school teachers to JST to reach out to high-school students 
through their teachers, modeled after a similar effort called QuarkNet in the US. 

(9) Stability and Sustainability 
It needs to be emphasized that most projects in the fields relevant to us have long lead times of 

at least ten years. Therefore, while we will be actively working during the extension period on 
executing projects we are launching now, we should also start planning and preparing for what may 
come beyond the extension period. We have to maintain this dual strategy constantly discussing 
long-term research plans. 

To realize our objectives, we need to bring stability to the organization of the Institute. Having 
started with the fixed-term funding of the WPI program, the organization has always been unstable. 
Now with strong commitments from the President of the University of Tokyo (UTokyo), and thanks 
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to the new organizational structure, the University of Tokyo Institutes for Advanced Study (UTIAS, 
former TODIAS), in addition to the returns from the Kavli endowment, the Institute is gradually 
becoming stable. The five-year extension is absolutely critical for us to buy time so that we can 
attain a sustainable mode of operation. 

In addition to the annual reviews by the WPI program committee, UTokyo will continue to review 
us with an External Advisory Committee every year, which reports to the President and Vice 
President for Research. We will maintain a close relationship with the University administration. With 
regular EB meetings and Steering Committee, the directorate can quickly respond to opportunities 
and problems. 
 
3. Center’s Position within Host Institution and Measures to Provide It 

Resources  
Describe the Center’s future plans with regard to the following points.  
 

3-1. From a Mid- to Long-term Perspective, the Position of the Center within the 
Organization of the Host Institution 

・Describe where the Center will be placed within the host institution’s overall organizational strategy under the leadership of the 
institution’s president. 
・In Appendix 3, diagram the Center’s position within the organization of the host institution, and describe that positioning using 

excerpts from the institution’s mid- to long-term plan. If the plan has not been established yet, describe the consideration being 
given to the Center’s positioning.  

 
UTokyo recognizes that the Kavli IPMU has already achieved the “world premier status” under 

the ambitious WPI program. The University positioned the Kavli IPMU as the flagship research 
institute of the University, and supports its activity permanently. Former President Hamada 
remarked “Kavli IPMU is our treasure” at the WPI program committee meeting 2013, which is 
inferred by President Gonokami. The Kavli IPMU will act as the center of the collaboration among 
the traditional entities, the Graduate Schools of Mathematical Sciences and Science, the Institute for 
Cosmic Ray Research, International Center for Elementary Particle Physics within UTokyo, and also 
with laboratories, such as the NAOJ, KEK, JAXA, RIKEN and so on. 

In January 2011, UTokyo established the TODIAS (afterwards UTIAS) and approved the Kavli 
IPMU as the first member institute within this new and permanent organization. It was established 
as a university-wide organization and comprises international research institutes, each 
demonstrating its function as a world-leading center of knowledge, aiming to enhance the 
University’s academic excellence as a whole and further advance its internationalization. The reform 
will impact not only in UTokyo but also other institutions across the nation which take similar 
initiatives.  

President Gonokami implemented UTokyo’s vision in The University of Tokyo: Vision 2020, under 
the basic principles; Excellence and Diversity. 

 
3-2. Host institution’s Action Plan for Sustaining and Advancing the Center as a 

World Premier International Research Center (e.g., positioning, financial 
resources) 

・In Appendix 4, describe the host institution’s financial plans for the Center, including the allocation of posts (in both its research 
and administrative divisions). 

 
UTokyo confirms that it is crucially important for the Kavli IPMU to have 22 permanent positions 

for the core of faculty and to keep the critical mass. Also, it understands that the operating resource 
necessary to sustain the world “leading” premier status is at least the current funding level from the 
WPI program. These figures are quite standard to run so-called institute of advanced study in 
healthy conditions. The University provided the Kavli IPMU with 9 tenure positions of the president’s 
discretion. Positions are secured and active as the core members of the faculty. In addition, UTIAS 
requested funding to MEXT to enhance the activity and was given 5 permanent posts in 2015. The 
University keeps this request as the top priority for the next year to sustain as its flagship. The 
University will support further funding after the five-year extension finishes, such as salary for a part 
of the administrative staff, exemption of the rent, and additional operating expenses.  

Recently, the Kavli foundation decided to boost the endowment to the Kavli IPMU from ¥750M to 
¥1250M ($1=¥100). This is a result of the high visibility of the Kavli IPMU and also the University’s 
effort to sustain the Institute. The University will keep making effort during the extension period in 
many ways to boost the reputation of the Kavli IPMU to further increase the endowment.  
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World Premier International Research Center Initiative (WPI) 
Appendix 1. List of Principal Investigators for Progress Plan 
! If the number of principal investigators exceeds 10, add columns as appropriate. 
! Place an asterisk (*) by the name of the investigators who are considered to be ranked among the world’s top researchers. 
! Give age as of 1 April 2017 
! For investigators who cannot participate in the center project from its beginning, indicate the time that their participation will start in the 

“Notes” column. 

Name Age 
Current affiliation 

(organization, department)�

Academic degree 
and current 
specialties 

 Notes 
(Enter “new” or ongoing”) 

 
 
1.Hitoshi Murayama* 53 

Kavli IPMU 
(Director), 
University of California, 
Berkeley  
(Professor, Physics Dept)  

Ph.D. 
particle theory, 
cosmology 

ongoing�

2.Hiroaki Aihara*  61 

UTokyo 
(Executive Vice President, 
Professor, Dept of 
Physics), 
Kavli IPMU 
(Deputy Director) 

Ph.D. 
high energy 
physics 

ongoing�

3.Alexey Bondal*  55 

Steklov Mathematical 
Institute 
(Professor), 
Kavli IPMU  
(Professor)  

Ph.D. 
mathematics 

ongoing�

4.Kunio Inoue*  51 
Tohoku University 
(Director, Professor, 
RCNS) 

Ph.D. 
astroparticle 
physics 

ongoing�

5.Takaaki Kajita*  58 
UTokyo 
(Director, Professor, 
ICRR) 

Ph.D. 
astroparticle 
physics 

ongoing�

6.Stavros Katsanevas*  63 University of Paris 7 
(Professor, Physics Dept) 

Ph.D. 
astroparticle 
physics 

ongoing�

7.Masahiro Kawasaki* 56 UTokyo 
(Professor, ICRR) 

Ph.D. 
particle 
cosmology 

ongoing  

8.Toshiyuki Kobayashi*  54 

UTokyo 
(Professor, Graduate 
School of Mathematical 
Sciences) 

Ph.D. 
mathematics 

ongoing�

9.Toshitake Kohno*  61 

UTokyo 
(Professor, Graduate 
School of Mathematical 
Sciences) 

Ph.D. 
mathematics 

ongoing�

10.Masayuki Nakahata*  57 

UTokyo 
(Director, Professor, 
Kamioka Observatory, 
ICRR) 

Ph.D. 
astroparticle 
physics 

ongoing�
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11.Mihoko Nojiri*  54 KEK 
(Professor) 

Ph.D. 
particle theory 

ongoing�

12.Hirosi Ooguri* 55 

California Institute of 
Technology 
(Professor, Physics Dept 
and Mathematics Dept., 
Director, Burke Institute) 

Ph.D. 
string theory 

ongoing�

13.David Spergel*  56 
Princeton University 
(Professor, Chair, Dept of 
Astrophysical Sciences) 

Ph.D. 
cosmology 

ongoing�

14.Naoshi Sugiyama*  55 Nagoya University 
(Professor, Physics Dept) 

Ph.D. 
cosmology 

ongoing�

15.Kentaro Hori* 51 Kavli IPMU 
(Professor) 

Ph.D. 
string theory 

new�

16.Mikhail Kapranov* 54 Kavli IPMU 
(Professor) 

Ph.D. 
mathematics 

new�

17.Young-Kee Kim*  54 University of Chicago 
(Professor) 

Ph.D. 
experimental 
physics 

new�

18.Eiichiro Komatsu* 42 

Max Planck Institute for 
Astrophysics 
(Director of the 
Department of Physical 
Cosmology) 

Ph.D. 
cosmology 

new�

19.Kai Martens* 53 Kavli IPMU 
(Associate Professor) 

Ph.D. 
experimental 
physics 

new�

20.Shigeki Matsumoto* 44 Kavli IPMU 
(Associate Professor) 

Ph.D. 
particle theory, 
cosmology 

new�

21.Shigetaka 
Moriyama* 

47 
UTokyo 
(Associate Professor, 
ICRR) 

Ph.D. 
experimental 
physics 

new�

22.Yasunori Nomura*  43 
University of California, 
Berkeley 
(Professor) 

Ph.D. 
particle physics 

new�

23.Masahiro Takada*  43 Kavli IPMU 
(Professor) 

Ph.D. 
cosmology 
/astrophysics 

new�
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24.Yukinobu Toda* 37 Kavli IPMU 
(Associate Professor) 

Ph.D. 
mathematics 

new�

25.Mark Vagins*  51 Kavli IPMU 
(Professor) 

Ph.D. 
astroparticle 
physics 

new�

26.Naoki Yoshida* 43 

UTokyo 
(Professor, Dept of 
Physics) 
Kavli IPMU  
(Professor) 

Ph.D. 
astrophysics  

new�
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Appendix 2. Diagram of Center Management System 
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Appendix 3. Position of the Center within Host Institution 
* Diagram the Center’s position within the organization of the host institution, and describe that positioning using excerpts from the institution’s 

mid- to long-term plan. If the plan has not been established yet, describe the consideration being given to the Center’s positioning. 

 
President Gonokami implemented UTokyo’s vision in The University of Tokyo: Vision 2020, under the basic 
principles; Excellence and Diversity. As shown in the following details, the Kavli IPMU is positioned as the 
center of this vision and action plan. 
 
Vision 1: Research – Strategic Development of Learning that Strives to Create New Value- 

The University of Tokyo consistently has valued excellence and diversity in education and research. In 
The University of Tokyo: Vision 2020, I lay out my plans to continue to honor the spirit of this tradition while 
further strengthening awareness of the synergy between excellence and diversity in research and aiming for 
a clearer understanding of humanity and the world. In doing so, we will strategically develop learning that 
strives to create new value. 

 
Action for Vision 1: Research Expansion and Establishment of Internationally-renowned Bases for Research 

Establish and expand upon internationally-renowned bases for research at the University of Tokyo by 
carrying out such initiatives as advancing the development of both the University’s strongest fields in which it 
is leading the world and unique areas of original research which should unwaveringly continue to be studied, 
promoting joint research and international collaboration that goes beyond the framework of the University of 
Tokyo, and creating new, interdisciplinary knowledge that is the first of its kind in the world.  
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 World Premier International Research Center Initiative (WPI) 
Appendix 4. Resource Allocation Plan for Sustaining and Advancing the WPI 

Center 

(Host institution’s commitment) 
 

Date 
                                 May 27, 2016 
 
 
Host institution         
                        The University of Tokyo 
 
 
Name and title of head of host institution 
                             Makoto Gonokami 
                             President 
 

For sustaining “(the Center name)” as the WPI Center, the host institution is committed to providing it 
with the resources stated below. 
 

Annual Plans (FY 2017 –FY 2022) 
<Fund > 

(million Yen) 
Fiscal Year 2017 2018 2019 2020 2021 2022 
- WPI grant 
- Funding from host 
institution 
- Prospective 
Center-generated 
funding 
Total 

9.9 
 

6.3 
 

11.2 
 

27.4 

9.9 
 

6.3 
 

11.5 
 

27.7 

9.9 
 

6.3 
 

11.8 
 

28.0 

7.7 
 

8.4 
 

12.1 
 

28.2 

6.9 
 

9.2 
 

12.4 
 

28.5 

    -(*) 
 

13.1 
 

 15.7 
 

  28.8 
<Personnel> 

 (person)� � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �  
Fiscal Year 2017 2018 2019 2020 2021 2022 
- Personnel 
resources from host 
institution 
- Faculty members 
(including researchers) 

Full-time 
Concurrent 

- Postdocs 
- RA etc. 
- Research    
support staffs 
- Administrative 
staffs 

158(68) 
 81(59) 

 
 
 

31(9) 
50(50) 
46(0) 
0(0) 

 
22(0) 

 
9(9) 

158(68) 
 81(59) 

 
 
 

31(9) 
50(50) 
46(0) 
0(0) 

 
22(0) 

 
9(9) 

158(68) 
 81(59) 

 
 
 

31(9) 
50(50)  
46(0) 
0(0) 

 
22(0) 

 
9(9) 

158(68) 
 81(59) 

 
 
 

31(9) 
50(50) 
46(0) 
0(0) 

 
22(0) 

 
9(9) 

158(68) 
 81(59) 

 
 
 

31(9) 
50(50) 
46(0) 
0(0) 

 
22(0) 

 
9(9) 

158 
81 

 
 
 

31 
50 
46 
0 
 

22 
 

9 
(*) Do not include expected grant. 
- When entering amounts, round down numbers to the first decimal. 
- When the host institution covers the expense, enter the amount in parentheses.  
- When the expense is given in a range between two amounts, explain the reason for the lower and upper amounts and fluctuations 

between them. 
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< Measure to be implemented from FY 2017> 
- Strategy and action plan for acquiring external funding 

 
  UTokyo continuously support the Office for Research Strategies of Kavli IPMU in order to boost the 
research activities by acquiring various sources of external funding. The Office gathers information 
effectively from governmental/non governmental funding agencies and foundations in the related 
research fields under the URA initiative. It is crucial for the Kavli IPMU, as the WPI institute, to win 
external funding to maintain and enhance its research activities. The Office and the research support 
staffs also organize training sessions on Grants for our members on how to write successful proposal and 
how the peer review process works. 
 

- Strategy and action plan for allocating personnel (posts) and space 

 
  UTokyo recognizes that it is crucially important for the Kavli IPMU to have 22 permanent positions for 
the core of faculty to keep a “critical mass.” UTokyo has already provided Kavli IPMU with 9 tenure 
positions of the president’s discretion. Most positions are already assigned to core members of the 
faculty. UTIAS is an outstanding support system providing a permanent place for the Kavli IPMU within 
the University. Under this structure, UTIAS has requested funding from MEXT to enhance the activity. So 
far, 9 permanent positions (in FY2016) have been secured to UTIAS. The University will provide 
additional supports, such as salary for a part of the administrative staff, an exemption of a rent of the 
main research building, and additional operating expenses to keep the Kavli IPMU activity as the world 
premier “leading” initiative to realize the Presidential Vision 2020. 

  � Strategy and action plan for carry out other necessary measures 
 
  As mentioned above, it is essential to acquire external funding to keep and strengthen the challenging 
research activities of the Kavli IPMU even after extension terminates. UTokyo will help as much as it can 
to achieve research objectives of the Kavli IPMU. UTokyo believes that achieving the proposed research 
objectives will make Kavli IPMU’s even more visible in the scientific community as well as popular to 
public at large, gaining even wider support for the institute. In addition to obtain external research 
funding, the development office of UTokyo has been working with the Kavli IPMU to acquire private 
donation in order to increase the endowment. And also, the University will work to find a way for possible 
effective investment of endowment in Japan. The University will continuously guarantee to maintain 
good research environment to achieve scientific output as the world premier leading institute. Established 
system reform, such as joint appointment, tenure-track position, global brain circulation and so on, will 
be promoted further for Kavli IPMU and the related University faculty. 
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Details of Action Plan for Sustaining and Advancing the Center as a World 
Premier International Research Center 

 
<FY 2017> 

Annual Program Plan  
- Provide concrete details or program to be implemented. 

 UTokyo will increase the commitment for sustaining and advancing the Kavli IPMU activity. Under the 
possible gradual decrease of the WPI funding in the following 5-year extension period, UTokyo will pick 
up additional salaries for researchers, support staffs, and administrative staffs. UTokyo will commit to 
keep the Kavli IPMU as the world premier leading scientific research institute pursuing the very basic 
scientific theme for the humankind in the following years. The international conferences, workshops, 
seminars will be organized to gather researchers from both inside Japan and abroad. The collaborative 
research through the satellite and the related organization will be vigorously promoted. Further 
measures will be pursued to get various kind grants including donations. 

Expenditure Details 
Items Cost (million Yen) Note 

<FY 2017> 
 
 (WPI grant) 
- Only costs necessary for implementing the research center project are applicable. 

- If satellites and/or partner institutions are established, give a separate breakdown in the use 

of funding. 
- When the expense is given in a range between two amounts, explain the reason for the lower 
and upper amounts and fluctuations between them. 
 

- Compensation of center director                    
- Salary of administrative director� � � � � � � � � � � � � � � �  
- Salary for PIs (3) 
- Salary for other researchers� (63)� � � � � � � � � � � � � � � � � � � � �  
- Salaries of research support staffs� (22)� � � � � � � � � �    
- Rewards for invited researchers 
- Startup research funding 
- Satellite operation  
     Salary for staff (2.5):  22 million yen 
     Travel cost :  1 million yen   
     equipment and consumables:  1 million yen 
- Costs of holding international symposiums� (10) 
- Rental fees for research space� � � � � � � � � � �  �  
- Costs of purchasing equipment and consumables 
- Costs of light, feul and water 
- Costs for public outreach and propaganda 
- Costs of communication and transportation 
- Domestic travel cost                            
- Overseas travel cost                            
- Invitation travel cost 
- Personal transfer allowance 

 
 (Previously-initiated center-building efforts) 

- Salary for PIs (budget grant) 
- Salary for other researchers (budget grant)� � � � � � � � � � � � � � � � � � � �  
- Salaries of administrative staffs (budget grant) 
- Rental fees for research space (budget grant) 
- Research project (budget grant, endowment) 
 

 
 
 
 
 
 
 
 
 

21.3 
12.9 
35.2 

402.8 
85.2 
39.5 
33.5 
24.0 

 
 
 

16.3 
5.5 

152.2 
32.4 
11.5 
4.2 

11.0 
46.2 
48.0 
6.0 

 
 

 
50.4 

300.8 
62.1 

215.0 
1,120.3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(FY 2017)  
                                  Total 

 
2,736.3 
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<FY 2018> 

Annual Program Plan  
- Provide concrete details or program to be implemented. 

  UTokyo will increase the commitment for sustaining and advancing the Kavli IPMU activity. Under the 
possible decrease of the WPI funding in the following 4 years, UTokyo will pick up additional salaries for 
researchers, support staffs, and administrative staffs. UTokyo will commit to keep Kavli IPMU as the 
world premier leading scientific research institute pursuing the very basic scientific theme for the 
humankind in the following years. The international conferences, workshops, seminars will be organized 
to gather researchers from both inside Japan and abroad. The collaborative research through the 
satellite and the related organization will be vigorously promoted. Further measure will be pursued for 
various kind grants including donations. 

Expenditure Details 
Items Cost (million Yen) Note 

<FY 2018> 
 
 (WPI grant) 
- Only costs necessary for implementing the research center project are applicable. 

- If satellites and/or partner institutions are established, give a separate breakdown in the use 

of funding. 
- When the expense is given in a range between two amounts, explain the reason for the lower 
and upper amounts and fluctuations between them. 
 

- Compensation of center director                    
- Salary of administrative director� � � � � � � � � � � � � � � �  
- Salary for PIs (3) 
- Salary for other researchers� (63)� � � � � � � � � � � � � � � � � � � � �  
- Salaries of research support staffs� (22)� � � � � � � � � �    
- Rewards for invited researchers 
- Startup research funding 
- Satellite operation  
     Salary for staff (2.5):  22 million yen 
     Travel cost :  1 million yen   
     equipment and consumables:  1 million yen 
- Costs of holding international symposiums� (10) 
- Rental fees for research space� � � � � � � � � � �  �  
- Costs of purchasing equipment and consumables 
- Costs of light, feul and water 
- Costs for public outreach and propaganda 
- Costs of communication and transportation 
- Domestic travel cost                            
- Overseas travel cost                            
- Invitation travel cost 
- Personal transfer allowance 

 
 (Previously-initiated center-building efforts) 
 

- Salary for PIs (budget grant) 
- Salary for other researchers (budget grant)� � � � � � � � � � � � � � � � � � � �  
- Salaries of administrative staffs (budget grant) 
- Rental fees for research space (budget grant) 
- Research project (budget grant, endowment) 
 

 
 
 
 
 
 
 
 
 

21.3 
12.9 
35.2 

402.8 
85.2 
39.5 
33.5 
24.0 

 
 
 

16.3 
5.5 

152.2 
32.4 
11.5 
4.2 

11.0 
46.2 
48.0 
6.0 

 
 

 
50.4 

300.8 
62.1 

215.0 
1,149.3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (FY 2018)   
                                  Total 

 
2,765.3 
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<FY 2019> 

Annual Program Plan  
- Provide concrete details or program to be implemented. 

  UTokyo will increase the commitment for sustaining and advancing the Kavli IPMU activity. Under the 
possible further decrease of the WPI funding toward the end of the extension period, UTokyo will pick up 
further additional salaries for researchers, support staffs, and administrative staffs. UTokyo will commit 
to keep Kavli IPMU as the world premier leading scientific research institute pursuing the very basic 
scientific theme for the humankind in the following years. The international conferences, workshops, 
seminars will be organized to gather researchers from both inside Japan and abroad. The collaborative 
research through the satellite and the related organization will be vigorously promoted. Further measure 
will be pursued for various kind grants including donations. 
Expenditure Details 

Items Cost (million Yen) Note 
<FY 2019> 
 
 (WPI grant) 
- Only costs necessary for implementing the research center project are applicable. 

- If satellites and/or partner institutions are established, give a separate breakdown in the use 

of funding. 
- When the expense is given in a range between two amounts, explain the reason for the lower 
and upper amounts and fluctuations between them. 
 

- Compensation of center director                    
- Salary of administrative director� � � � � � � � � � � � � � � �  
- Salary for PIs (3) 
- Salary for other researchers� (63)� � � � � � � � � � � � � � � � � � � � �  
- Salaries of research support staffs� (22)� � � � � � � � � �    
- Rewards for invited researchers 
- Startup research funding 
- Satellite operation  
     Salary for staff (2.5):  22 million yen 
     Travel cost :  1 million yen   
     equipment and consumables:  1 million yen 
- Costs of holding international symposiums� (10) 
- Rental fees for research space� � � � � � � � � � �  �  
- Costs of purchasing equipment and consumables 
- Costs of light, feul and water 
- Costs for public outreach and propaganda 
- Costs of communication and transportation 
- Domestic travel cost                            
- Overseas travel cost                            
- Invitation travel cost 
- Personal transfer allowance 

 
 (Previously-initiated center-building efforts) 
 

- Salary for PIs (budget grant) 
- Salary for other researchers (budget grant)� � � � � � � � � � � � � � � � � � � �  
- Salaries of administrative staffs (budget grant) 
- Rental fees for research space (budget grant) 
- Research project (budget grant, endowment) 
 

 
 
 
 
 
 
 
 
 

21.3 
12.9 
35.2 

402.8 
85.2 
39.5 
33.5 
24.0 

 
 
 

16.3 
5.5 

152.2 
32.4 
11.5 
4.2 

11.0 
46.2 
48.0 
6.0 

 
 
 

50.4 
300.8 
62.1 

215.0 
1,179.3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 (FY 2019)  
                                  Total 

 
2,795.3 
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