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Summary of State of WPI Center Project Progress (write within 2 pages)

H. Ooguri succeeded H. Murayama as the second Director of Kavli IPMU on Oct 15, 2018.
Research Highlights 

This is our second report from the 5-year extension period of the WPI funding, for which we have 
added 9 new challenges. Here let us first summarize research highlights in accordance with their 
relevance to the 4 new challenges directly related to research.  
(1) Create new areas and tools of statistics, integrating mathematics with observation and
experiments:

The JST CREST project “Statistical Computational Cosmology” led by N. Yoshida is aimed at 
developing fast imaging data analysis applications for the Subaru HSC survey. In 2018, they 
developed the “Dark Emulator” that outputs statistical quantities and spatial clustering of galaxies 
needed for cosmological parameter inference with weak gravitational lensing observation. The 
emulator is based on modern statistical techniques, such as Gaussian process and principle 
component analysis, as well as a large simulation database. It has already been used in several 
publications by the HSC collaboration. They have also developed a deep-learning method based on 
generative adversarial networks to reduce the noise in gravitational lensing measurements.  
(2) Create new synergies among fields not imagined at the launch:

An agreement (2017-2020) has been made between the Kavli IPMU and ISAS/JAXA to transfer
hard X-ray and gamma-ray imaging technology to nuclear medicine and to set up a new laboratory 
at the Kavli IPMU for detector R&D. We also established an agreement between the Kavli IPMU and 
National Cancer Center and have started in-vivo imaging experiments of small animals using a 
variety of radio-isotopes. For this research, JSPS Kakenhi (Grant-in-Aid for Scientific Research on 
Innovative Areas, PI. T. Takahashi) has been granted. 
(3) Discover new major framework for geometric thinking in mathematics and physics with the
derived and non-commutative geometry, such as to unify various types of dualities:

Our mathematicians have made substantial progress in using derived and non-commutative 
geometry as a new major framework for geometric thinking in mathematics and physics. Y. Toda 
has developed new concepts of d-critical (i.e., derived critical) loci and flips. This has allowed him to 
extend several fundamental results of birational geometry, such as wall-crossing equivalences, to a 
broad class of derived moduli spaces important in physics. One of the tools to study wall-crossing 
has been the cohomological Hall algebra (COHA), but its precise definition was restricted to 
quiver-like situations. M. Kapranov, jointly with E. Vasserot, defined and studied COHA for algebraic 
surfaces, based on ideas of derived geometry. F. Sala, with M. Porta, gave a direct definition of the 
K-theoretical version using derived moduli spaces. The work of W. Donovan and T. Kuwagaki
extended the homological mirror symmetry, originally an equivalence of derived categories, to a
certain class of perverse schobers. The latter are natural systems of derived categories analogous to
perverse sheaves, introduced earlier by M. Kapranov and V. Schechtman.
(4) Execute projects successfully to produce world-competitive results on dark energy, dark matter,
and inflation:
・The Hyper Suprime-Cam team has measured how cosmic structures including dark matter have 
evolved as a function of cosmic time using gravitational lensing effects, and determined the 
parameter of clumpiness of the Universe today with the world’s highest-level precision. The 
construction of the Prime Focus Spectrograph instrument is well underway to start science operation 
in 2022. All 2550 fiber positioners “Cobra”, as well as all science-grade detectors, have been 
delivered to Hawaii and the team is now carrying out various tests, including image quality and 
thermal performance.
・XMASS-I detector has been completed, and the xenon has been safely recovered. Seven papers 
were submitted and five published in 2018. Machine learning has been used for event classification 
to discriminate events from the detector’s inner surface contaminating data sets. The Kavli IPMU is 
leading the Japanese participation in the XENON1T detector's impending upgrade to XENONnT.
・T2K released new oscillation results at a KEK colloquium in January 2019. These results disfavor CP 
conservation at the 95% confidence level. Oxford/Kavli IPMU graduate student T. Vladisavljevic has 
completed his thesis work to update the T2K flux calculation with replica target data collected by the 
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NA61/SHINE experiment. With his work, the uncertainty on the T2K flux calculation has been 
reduced from 10% to 5%. 
・CMB experiments have been actively led by the Kavli IPMU team. POLARBEAR2 reached to the first
light in December 2018. Simons Observatory finished the design review and is now in fabrication
phase. LiteBIRD finished Pre-phaseA2 and is in process of down-selection with its outcome in 2019.
・Belle II completed detector construction, where the Kavli IPMU team successfully produced
outermost layer devices of SVD, and started data taking in March 2019.
Scientific research progress 
During the calendar year (CY) 2018, 403 papers were published (519 when including WPI-related). 
Over the past 5 years, we have consistently produced a large number of scientific papers: 165 (380) 
in CY2013, 315 (452) in CY2014, 349 (466) in CY2015, 353 (450) in CY2016, and 306 (392) in 
CY2017. Among the WPI papers published in CY2018, the rate of highly cited “top 1% of papers” is 
37 (7.1%) based on the Web of Science by Clarivate Analytics. The impact factor for all of our 
refereed papers published from the institute’s inception to Dec 2018 are as follows: the average 
number of citations per paper is 29.6; 169 papers have over 100 citations and 517 over 50 citations 
in which review papers are excluded. The fraction of CY2018 papers with international collaboration 
reached 81%. Kavli IPMU members also received 16 valuable prizes/awards and honorary titles 
during FY2018.  
Interdisciplinary studies 
Among 216 seminars and colloquia in FY2018, interdisciplinary ones were as follows: 83 math-string 
(MS) seminars and 103 astronomy-particle physics-experimental physics-cosmology (APEC) 
seminars. T. Takahashi, a new PI in the Kavli IPMU, is a leading astro-particle physicist developing 
hard X-ray and gamma ray detectors in satellite and rocket experiments. He started a new 
collaboration with JAXA/ISAS and Keio University School of Medicine to apply his detector technology 
to biomedical research. H. Ooguri’s paper on de Sitter swampland conjecture has made a large 
impact on cosmology and became the most cited paper in high energy theory in 2018.  
Globalization 
The ratio of non-Japanese members among all of researchers at the Kavli IPMU is 49%. During 
FY2018, we had 1025 (1261) visitors (the numbers in the parentheses count multiple visits), 560 
(632) of which were international. We hosted 21 conferences and workshops, where 436 were from
foreign institutions among 994 participants. We have also provided leadership opportunities for
non-Japanese members also. For example, K. Martens has been appointed as the new Director of
our Kamioka Branch. This has been made possible thanks to bilingual administrative staffs. A joint
proposal “Higher algebraic structures and their concrete” between the Kavli IPMU and Hamburg
University for student exchanging program is being prepared. The Kavli IPMU has signed three new
research agreements with the Johns Hopkins University together with the Institute for Solid State
Physics, Okinawa Institute of Science and Technology Graduate University and the National Cancer
Center Japan together with the Institute of Physical and Chemical Research.
Organizational Reform
Our successful system reforms have now spread across the University. For example, the number of
cross-appointments in UTokyo has become more than 90. In FY 2018, Prof. Y. Ito was
cross-appointed between Nagoya University and M. Hartz was promoted to Associate Professor with
cross-appointment between TRIUMF. Our system reforms have also spread to other research
institutions, and there have been new cross-appointments between Kyoto University and MPI, and
between KEK and Osaka University. Kavli IPMU administrative staff members developed a
smartphone app and were awarded the Special Prize for Business Transformation from the UTokyo
President. This is our sixth award, following 2008, 2013, 2015, 2016 and 2017. Administrative staff
in other departments have started to emulate us, and to develop similar smartphone apps.
Regarding ‘taking out walls between departments’, H. Yokoyama has been appointed as a research
leader of Science Communication of UTokyo Bioethics Collaborative Research Organization, which
was founded as a collaborative research organization made up of the multiple UTokyo departments.
Efforts to Secure the Center’s Future Development over the Mid- to Long-term 
New Director H. Ooguri started a long term strategic planning exercise for the next 10 years, 
building on our achievements over the last 12 years. We have renewed leadership positions: H. 
Yokoyama is the first female member of our Steering Committee, K. Martens is the new Director of 
our Kamioka Branch, and A. Kusaka (cross-appointment between UTokyo and Lawrence Berkeley 
National Lab) is the new Director of our Berkeley Satellite. 
Others 
Former Director H. Murayama became a University Professor of the University of Tokyo and the 
Hamamatsu Professor of the Kavli IPMU. E. Komatsu organized a career event for prospective 
postdocs in physics. We also co-hosted a science career event for female students studying physics. 
N. Hirakawa, 2016 Artist in Residence at Kavli IPMU, was awarded the Excellence Award in the Japan
Media Arts Festival organized by the Agency of Cultural Affairs for his art work inspired by his stay at
the Kavli IPMU. This year’s Journalist in Residence, Bruno Martin, a reporter for the major Spanish
newspaper El País, wrote a feature-length article for the paper about the Gadolinium project of the
Super-Kamiokande detector. E. Komatsu, was a scientific advisor for a planetarium movie,
“HORIZON”. Ooguri’s science movie “The Man from the 9 Dimensions,” has been translated into
Spanish and German. H. Murayama and H. Ooguri have appeared in NHK TV programs.
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* Describe clearly and concisely the progress being made by the WPI center project from the viewpoints below. 
- In addressing the below-listed 1-6 viewpoints, place emphasis on the following:  

(1) Whether research is being carried out at a top world-level (including whether research advances are being made by fusing 
fields). 

(2) Whether a proactive effort continues to be made to establish itself as a “truly” world premier international research center. 
(3) Whether a steadfast effort is being made to secure the center’s future development over the mid- to long-term. 

 
H. Ooguri, Fred Kavli Chair in Theoretical Physics and Mathematics and the Founding Director of the 
Walter Burke Institute for Theoretical Physics at the California Institute of Technology (Caltech), 
became the new Director of Kavli IPMU on Oct 15, 2018. H. Ooguri is a world-renowned scientist 
both in physics and mathematics, and is a recipient of the inaugural Leonard Eisenbud Prize for 
Mathematics and Physics, awarded by the American Mathematical Society. In 2018, he also received 
the Hamburg Prize in Theoretical Physics. He has extensive leadership experiences as the Founding 
Director of the Walter Burke Institute for Theoretical Physics at Caltech and the President of the 
Aspen Center for Physics. He initiated a long-term strategic planning exercise for the next 10 years, 
building on our achievements and current scientific activities. 
 
This is our second report from the 5-year extension period of the WPI funding. In addition to the five 
major questions that we proposed to address in our original plan 2007, we have proposed the 
following 9 challenges for the extension period addressing new objectives. The progress is denoted 
as [(X) of 9 challenges].  
(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. 
 
Concerning the system reform, we take up challenge to 
(6) Bring successful system reforms to the rest of the University and other research institutions to 
help boost the overall competitiveness of Japan on a global scale; 
(7) Make a serious attempt to create a new international graduate program with vigorous student 
exchanges; 
(8) Enlarge the force for outreach to young students, by organizing workshops for scientists and 
high-school teachers; and 
(9) Attain sufficient stability of the organization so that we can bring our research objectives beyond 
the WPI funding. 
We structure this report according to the five major questions as before, but we will make it clear 
how our progress addresses these nine challenges. 
 
1. Advancing Research of the Highest Global Level 
* Among the research results achieved by the center, concretely describe those that are at the world’s highest level. In Appendix 1, 

list the center’s research papers published in 2018. 
* Regarding the criteria used when evaluating the world level of center, note any updated results using your previous evaluation 

criteria and methods or any improvements you have made to those criteria and methods. 
 
The Kavli IPMU aims at establishing a multi-disciplinary research institute with the unifying goal of 
understanding five fundamental questions about the Universe: how it started, 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 from the synergistic perspectives of physics, mathematics, experimental physics, and 
astronomy. Below we describe the research progress in 2018 related to each question. 
 
How did the Universe start? 
 
Early universe and dark energy: C. Han, S. Pi, and M. Sasaki discovered that if the quintessence field 
that explains dark energy of the universe is coupled to the Higgs potential, the Higgs-driven vacuum 
instability that would contradict inflation in the early universe can be saved. Interestingly enough, 
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the coupling that saves the instability supports the Swampland Conjecture recently proposed by H. 
Ooguri and C. Vafa. 
 
Primordial black holes and gravitational waves: R.G. Cai, S. Pi, and M. Sasaki showed that if 
primordial black holes, which are produced from large curvature perturbations from inflation, are the 
dark matter of the universe, the induced gravitational waves from those curvature perturbations will 
be detected by the future space gravitational wave observatory LISA, no matter how large or small 
the non-Gaussianity of the curvature perturbation is. Conversely, the non-detection of such 
gravitational waves will place a robust, stringent constraint on the primordial black hole scenario. 
 
The international team, led by graduate student H. Niikura, M. Takada, and N. Yasuda, carried out a 
microlensing search of stars in the Andromeda galaxy (M31) due to primordial black holes (PBHs) 
using the 2 min dense Subaru/Hyper Suprime-Cam (HSC) data over a period of 7 hour-long 
observation (one Subaru night) [Nature Astronomy, in press 2019]. PBHs could be formed in the 
early universe as initially claimed by S. Hawking, and are a viable candidate of dark matter. Thanks 
to the 8.2m wide field-of-view and 8.2m aperture of HSC/Subaru, the team was able to 
simultaneously monitor about 90 million stars in M31 and detect more than 15000 candidates of 
variable stars. If PBHs make up all dark matter that exist in between Subaru (Earth) and M31, the 
team expected about 1000 microlensing events in the HSC M31 data. However, they found only one 
possible microlensing candidate. In other words, the team obtained the world-record, most stringent 
upper bound on the abundance of PBHs in the mass range, MPBH=[10-11,10-6]Msun; PBHs can 
contribute no more than 0.1 per cent of all dark matter mass. 
 
CMB experiments (POLARBEAR2, Simons Observatory, LiteBIRD): 4 faculties, 6 postdocs, and 7 
students are actively leading the POLARBEAR2, Simons Observatory, and LiteBIRD. POLARBEAR2 
has deployed at the Atacama Desert in Chile and reached to the first light in December 2018. One of 
the responsibilities at the Kavli IPMU is to develop a relative gain calibration hardware. It is in 
progress of being integrated to the rest of the telescope in Chile. The commissioning phase 
continues and the team is pushing hard to reach the nominal CMB observational mode this year. 
Collaboration of POLARBEAR2 with Subaru Hyper-Suprime Cam (HSC) is on-going and a scientific 
paper has been submitted. The team working on Simons Observatory has gone the design review. 
After the successful review, it is now in the fabrication phase and various parts of the optics tube for 
Small Aperture Telescope are arriving to be tested. The Kavli IPMU is in charge of the cryogenic 
assembly test and millimeter wave optical characterization. LiteBIRD finished the Japan Aerospace 
Exploration Agency’s (JAXA) Institute of Space and Astronautical Science (ISAS) Pre-phaseA2. The 
Kavli IPMU was in charge of developing the polarization modulator and calibration. After the 
extensive development, the modulator has reached the technological readiness level of 4 by the end 
of the phase, and we passed the review successfully. LiteBIRD is in the process of the 
down-selection, and we shall know the outcome of the selection in 2019 [(4) of 9 challenges].  
 
What is the Universe made of? 
 
Particle phenomenology: Particle phenomenological researches at FY2018 reflected more diversity 
than previous years. For instance, S. Matsumoto, S. Shirai and M. Takeuchi proposed new strategies 
to search for dark matter at a hadron collider such as LHC and FCC-hh (JHEP1806, 049, 2018 and 
JHEP1903, 076, 2019), which make use of the precision measurement of lepton production cross 
sections. T. Melia proposed novel strategies (e.g. leveraging gravitational wave detectors) for the 
direct detection of ‘blobs’ of dark matter (PRD98, 15020, 2018) within a variety of existing and 
upcoming experiments, such as liquid xenon and solid-state dark matter detectors, gravitational 
wave detectors (LIGO, atomic interferometers) and spin precession set-ups (CASPEr). N. Barrie 
proposed a new non-thermal Leptogenesis mechanism that takes place during the reheating epoch, 
utilizing an analogue to the well-known forced pendulum (PLB785, 184, 2018). The model 
successfully reproduces the observed baryon asymmetry, while simultaneously providing an origin 
for neutrino masses via the seesaw mechanism. S. Ge proposed with T. Yanagida and A. Kusenko an 
improved version of anarchy models assisted by residual SR3 x SL3 symmetries (PLB781, 699, 2018), 
and studied the dimension-8 gluonic Quartic Gauge Coupling (QGC) operators for the first time 
(PRL121, 041801, 2018) with J. Ellis. 
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The early Universe was filled with a hot plasma of the Standard Model particles. The thermodynamic 
quantities, such as energy, entropy and pressure, of the Standard Model gas played a crucial role in 
the evolution of the Universe. The Standard Model particles were never free particles, but either 
strongly or weakly interacting with each other. Moreover, there were QCD and electroweak phase 
transitions in the early Universe. These features provide non-trivial corrections to the thermal 
properties of the Standard Model. K. Saikawa and S. Shirai revisited the thermodynamics of 
the Standard Model, based on the latest non-perturbative lattice calculations on the QCD and 
electroweak phase transition and the results of the perturbative estimations (JCAP 1805, 035). They 
updated thermodynamic properties of the Standard Model in the early Universe and estimated 
its uncertainties. They studied the impact of their result on the spectrum of primordial gravitational 
waves. In this estimation, they have also included several non-thermal effects overlooked in the 
literature. They found these corrections affect the spectrum by O(1-10)%, compared to previous 
studies. The thermodynamics of the Standard Model affects the estimation of all the cosmological 
quantities in the early Universe, such as dark matter and baryon abundance. They found the impact 
of the present corrections are much greater than the current experimental uncertainties. Their result 
has been adopted for the analysis by the Planck Collaboration. 
 
XMASS: Data taking with the XMASS-I detector was successfully completed at 09:00 JST on 
February 20, 2019 after accumulating a total of 1639 days of good data with full waveform 
information. A campaign where the XMASS collaboration spiked the liquid xenon in the detector with 
222Rn to collect high statistics of tagged beta decays in its decay chain concluded their use of the 
XMASS-I detector. The xenon has since been removed from the detector and put into secure storage, 
and detector operation with its associated shifts was terminated. During FY2018 two technical 
papers were published: One on the scintillation decay time constant from nuclear recoils in liquid 
xenon in the Journal of Instrumentation, and one on the XMASS-I low radioactivity photomultiplier 
tubes in Nuclear Instruments and Methods A. On the data analysis side, a significant number of 
papers came to fruition in FY2018, starting with an updated annual modulation analysis using 2.7 
years of data published in Physical Review D. An update of their 2-neutrino double electron capture 
results appeared in the journal PTEP. Their hidden photon and axion-like particle dark matter limits 
were published in Physics Letters B, as was their search for dark matter in the fiducial volume at the 
center of the XMASS-I target mass, which yielded the most stringent upper limit for the spin- 
independent WIMP-nucleon cross section from a single-phase liquid xenon detector to date. A 
search for sub-GeV dark matter by annual modulation is under review at the same journal, and one 
for WIMP inelastic scattering on 129Xe at Astroparticle Physics. Further analysis will continue to 
optimally exploit the accumulated XMASS-I data [(4) of 9 challenges].  
 
XENONnT: XENONnT is designed to detect possible WIMP Dark Matter interactions with the xenon 
nuclei in the target mass down to cross sections of a few times 10-48 cm2 for a 50 GeV/c2 WIMP. 
FY2018 was a big year for the Japanese groups in the XENON collaboration. At the September 
collaboration meeting in Coimbra, Portugal, the collaboration accepted their proposal to use 
Kamioka’s EGADS technology to implement the neutron veto surrounding the cryostat that will 
contain XENONnT’s liquid xenon time projection chamber. This neutron veto is a vital new 
component in the detector upgrade from XENON1T to XENONnT, and their technology will allow 
them to build it without using a liquid scintillator. The Laboratori Nazionali del Gran Sasso in Italy, 
where its predecessor XENON1T stopped taking data in December 2018 so that the collaboration 
could start the upgrade to XENONnT, has warmly embraced this effort to build an efficient neutron 
veto without liquid scintillator. From FY2019 Kavli IPMU’s K. Martens is the PI on a four-year JSPS 
Kiban A grant to implement the Kavli IPMU (M. Vagins)/Kamioka (SK-Gd&EGADS) technology at 
XENONnT. During Japan’s “probation period” in the collaboration, from being admitted in December 
2017 through the end of 2018, K. Martens was Japan’s sole representative on the XENON 
collaboration board; since January of this year he is joined there by representatives also of the other 
Japanese institutions working together on XENONnT. The Japanese contribution to XENONnT 
hardware does not stop with the neutron veto. XMASS experience in liquid xenon purification is also 
brought to bear at XENONnT, where Kavli IPMU affiliate member M. Yamashita from ICRR, UTokyo, is 
convener for the liquid purification effort in the experiment. Kavli IPMU PI S. Moriyama holds another 
JSPS Kiban A grant for our purification effort at ICRR. Through this solid, Kamioka based cooperation 
within UTokyo between the Kavli IPMU and ICRR on XENONnT and the Kyodo-Riyo based inclusion 
of our old XMASS colleagues at Kobe University and Nagoya University, Japan has quickly earned the 
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respect of the XENON collaboration and contributes to crucial components of the detector upgrade 
to XENONnT.  [(4) of 9 challenges]. 
 
What is the fate of the Universe? 
 
SuMIRe (HSC and PFS): SuMIRe (Subaru Measurement of Image and Redshifts) is a large-scale 
international survey project aiming at uncovering the origin and future of the universe led by the 
Kavli IPMU. A wide-field imaging camera Hyper Suprime-Cam (HSC), the new 900M-pixel digital 
camera for Subaru Telescope, is one of the two subprojects of SuMIRe. An international team 
including scientists in Japan, Taiwan and Princeton University has been carrying out a large-scale 
imaging survey of the sky with the Subaru HSC since 2014. The Kavli IPMU contributed to more than 
a half of the HSC instrument, including the wide-field corrector lens, precision mechanical control, 
and some of the filters, on top of leading the science team. The team, led by C. Hikage and M. Oguri, 
used multi-color data from the first two years over 137 sq. deg. of the sky to carry out a 
high-precision measurement of cosmic weak lensing power spectra [PASJ, in press 2019]. By 
combining the cosmic weak lensing power spectra with photometric redshifts of galaxies that give 
approximate distances to each galaxy, the team measured how cosmic large-scale structures evolve 
as a function of cosmic time, and then determined the parameter S8=0.800+0.029-0.028 to about 3.6% 
precision that characterizes clumpiness of the Universe today. Compared to Planck cosmic 
microwave background constraints, our results prefer slightly lower value of S8 similarly to what have 
been indicated by other weak lensing experiments such as Dark Energy Survey in US and 
Kilo-Degree Survey (KiDS) in Europe. This inconsistency might indicate new physics beyond the 
concordance ΛCDM model such as time-evolving dark energy. The HSC team will continue to explore 
a higher-precision measurement of the cosmological parameter with more HSC data as well as by 
combining the HSC weak lensing measurements with spectroscopic galaxy data from the Sloan 
Digital Sky Survey (SDSS) over the overlapping regions of the sky.  
 
On the other hand, we also have made progress in another subproject of SuMIRe, a wide-field 
multi-object spectrograph, Prime Focus Spectrograph (PFS), aimed at making the spectroscopic 
follow-up of HSC images. This project is being led by H. Murayama as the principal investigator (PI), 
the science group co-leader M. Takada, and the project manager N. Tamura, all from the Kavli IPMU. 
It involves an interdisciplinary group that consists of physicists, astronomers, and instrumentalists 
from the Academia Sinica Institute for Astronomy and Astrophysics (ASIAA, Taiwan), the California 
Institute for Technology (Caltech), NASA Jet Propulsion Laboratory (JPL), Princeton University, 
Johns Hopkins University (JHU), Laboratoire d’Astrophysique de Marseille (LAM, France), 
Universidad São Paulo, the Laboratório Nacional de Astrofísica (LNA, Brazil), the Max Planck 
Institutes for Astrophysics, and for Extraterrestrial Physics, the Chinese PFS Participating Consortium, 
and US North-East Participating Group. The construction of the PFS instrument is well underway. All 
2550 fiber positioners “Cobra” have already been delivered to the site. The team at Caltech and JPL 
is integrating them into “Cobra modules”, each of which consists of 57 Cobras to move the fiber tips 
to astronomical targets on the focal plane. All science-grade detectors in optical and infrared 
wavelengths were also delivered. The team is now carrying out various tests such as image quality 
and thermal performance at LAM and JHU. Kavli IPMU scientist, Y. Moritani, is leading the 
coordination and detailed planning of re-integration and test of the PFS subsystems at the Subaru 
Telescope observatory at the summit of Mauna Kea, and subsequent on-sky commissioning 
observations of the integrated PFS instrument. Another Kavli IPMU scientist, K. Yabe, is meanwhile 
leading the development of software tools to simulate spectra of astronomical objects expected with 
PFS, and to simulate a 300 Subaru-night PFS survey in detail including the planned science programs. 
We envision that we can start science operation in early 2022, spending more than or equal to 300 
nights of Subaru telescope. The combination of HSC and PFS is unique in the world and will enable 
us to examine the nature of dark matter and dark energy, the evolution and origin of galaxies and 
the assembly history of the Milky Way, Andromeda Galaxy, and the Local Group as a whole [(4) of 9 
challenges]. 
 
IGM/Large-Scale Structure: The intergalactic medium (IGM) tomography group led by Kavli IPMU 
assistant professor K.-G. Lee continued to develop the technique on multiple fronts. On the 
observational side, the pioneering CLAMATO (COSMOS Lyman-Alpha Mapping And Tomography 
Observations) Survey on the Keck-I telescope marked a unique scientific result: the farthest 
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detection of cosmic voids to-date, at a mean redshift of 2.3 compared to the z~1 that was previously 
attained with galaxy surveys. The void size distribution in the CLAMATO data appears consistent with 
the expectation from excursion set models, although more detailed analysis into the void profiles 
and multipoles will have to await the greater statistical power of future data sets. The first public 
release of CLAMATO data was also published in FY2018; several external groups have already 
started work on various projects using this unique data set. Kavli IPMU postdoc M. Ata, who joined in 
June 2018, has started work on reconstructing the density field from the various galaxy surveys in 
COSMOS in order to provide a comparison with the CLAMATO absorption map, which will yield 
unique insights into the thermodynamic history of the IGM. On the theory side, B. Horowitz, a 
visiting NSF/JSPS Fellow from UC Berkeley, has developed a constrained reconstruction algorithm 
shown to provide better recovery of the cosmic web observed in IGM tomography data than previous 
methods. Excitingly, this method allows us to model, across the entire cosmic history, the 
gravitational evolution of cosmic web structures observed in high-redshift (z~2-3) in IGM 
tomography data. The implementation of this method would, however, have to await larger data sets 
that can adequately sample sufficiently large volumes without aliasing the cosmic structures. These 
developments help push forward the case for the IGM tomography component in the upcoming 
Subaru Prime Focus Spectrograph, which is being designed in large part by Kavli IPMU faculty 
members K.-G. Lee and J. Silverman and will cover ~100x the volume of the existing CLAMATO data. 
 
What are its fundamental laws? 
 
Quantum Field Theory: Y. Tachikawa continued his research on quantum field theories, mainly 
concerning quantum anomalies, topological phases of matter, and their relevance to string theory. In 
a nutshell, a topological phase of matter necessarily supports a nontrivial system on its boundary, 
and the inconsistency of the boundary theory (i.e. its quantum anomaly) if formulated alone is 
canceled by the dynamics of the bulk topological phase. This new viewpoint, found by 
condensed-matter theorists, allows them to study the anomalies of systems which were hitherto 
impossible. One such example is the content of a collaboration between Y. Tachikawa and K. 
Yonekura (Kyushu U), where string theory objects called 'orientifolds' were analyzed carefully. 
Orientifolds have been known and used in various string theory constructions for decades, but it has 
been known to have an uncanceled anomaly at the same time, due to its fractional charge, which is 
against the standard Dirac quantization condition. In this collaboration, they found two overlooked 
contributions, which were found to cancel the known anomaly perfectly. Y. Tachikawa also gave an 
invited plenary talk in the autumn meeting of the Mathematical Society of Japan, explaining the 
general concept of quantum field theories to mathematicians. 
 
In two papers "Gauge Theory and Integrability I/II" in collaboration with K. Costello and E. Witten, M. 
Yamazaki realized integrable field lattice models from four-dimensional analog of the Chern-Simons 
theory introduced previously by Costello. This solved a long-standing problem which had been 
around since the early 1990s of explaining spectral parameters in integrable models from a suitable 
quantum field theory. M. Yamazaki is currently working on an extension of the story to integrable 
field theory in collaboration with K. Costello. 
 
String Theory: The Swampland question asks, given an effective theory of gravity, how one can 
judge whether it is realized as a low energy approximation to a consistent quantum theory with 
ultra-violet completion such as string theory. In 2018, H. Ooguri and C. Vafa, together with their 
students, formulated a new Swampland conjecture, which is now called the de Sitter conjecture, on 
the potential energy for scalar fields in a low energy effective action. Their paper made a large 
impact on cosmology and particle physics model building since it excludes quasi-stable de Sitter 
vacua in string theory. It became the most cited paper in high energy theory in 2018, according to 
the Inspire data base. H. Ooguri and C. Vafa, with E. Palti and G. Shiu, published a follow-up paper, 
where they refined the conjecture and show how it can be derived in asymptotic limits from the 
distance conjecture, which Ooguri and Vafa proposed in 2006. 
 
M. Yamazaki organized several discussions sessions on the Swampland conjecture at the Kavli IPMU, 
and has already written three papers on the subject, all in collaboration with particle 
phenomenologists and cosmologists. In the first paper "Do We Live in the Swampland?" (JHEP1812, 
032, 2018), co-authored with the ex-director H. Murayama and T. Yanagida, M. Yamazaki pointed 
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out the problems of the original de Sitter conjecture, in local minima for the Higgs and the axions, 
and discussed several possible loopholes and the theoretical/phenomenological constraints on these 
loopholes. This paper is now regarded as one of the foundational papers on the subject. After the 
new “refinement” of the de Sitter conjecture was proposed, M. Yamazaki, in collaboration with S. 
Shirai, H. Fukuda (both in particle phenomenology) and a cosmologist R. Saito, worked out the 
phenomenological consequences of the refined de Sitter swampland conjecture (arXiv:1810.06532 
[hep-th]). This is the very first paper on this topic, and the authors derived interesting constraints on 
inflationary models. More recently, M. Yamazaki co-authored a paper on electroweak quintessence 
axion with T. Yanagida and M. Ibe (ICRR). They motivated the scenario by several swampland 
conjectures, and have discussed various observational constraints on the models. The validity of 
such a scenario could be probed in future measurement on the values of the equation-of-state 
parameter w, e.g. in HSC at Subaru telescope. 
 
On a more formal development of string theory, K. Hori studied aspects of quantum anomalies in 
general and reviewed relevant facts on classifying spaces for principal bundles, as a preparation for 
extending the result that boundary degrees of freedom in two-dimensional gauge theories form flat 
projective representations of the gauge group to theories involving spinors, as well as for applying it 
in various set-ups. He also initiated the study of boundary conditions of 2d (2,2) supersymmetric 
gauge theories that preserve A-type supersymmetry, as a starting point for "homological Seiberg 
duality for A-branes." 
 
Mathematics: M. Kapranov, jointly with B. Hennion, computed the cohomology of the Lie algebra of 
regular vector fields on an affine algebraic variety (arXiv:1811.05032). This was made possible by 
the use of techniques of factorization algebras. The result was conjectured by B. Feigin back in the 
1990s but no proof had been found before. M. Kapranov, jointly with E. Vasserot, has found another 
application of factorization homology to cohomological Hall algebras of surfaces (arXiv:1901.07641). 
They found that these algebras possess a factorization structure and used this structure to describe 
the graded dimension of the algebra. 
 
T. Kobayashi developed his mathematical program on branching laws of infinite-dimensional 
representations. He published two long papers (one 342 pages and the other 96 pages) this year 
among others: constructed and established a complete classification of conformally covariant, 
symmetry breaking operators for differential forms on the model space with B. Speh (Lecture Notes 
in Mathematics, Springer, 2018), and determined with F. Kassel the three ring structures of 
invariant differential operators on spherical varieties with hidden symmetries. Applications include 
topics on a generalized Gross-Prasad conjecture in automorphic forms, and analysis on locally 
pseudo-Riemannian symmetric spaces. Furthermore, he initiated with M. Pevzner a new line 
of investigation on "holographic transforms" in branching problems (arXiv:1812.09733).  
 
T. Kohno studied a relation between homological representations of braid groups and the 
monodromy representations of Knizhnik-Zamolodchikov (KZ) connections based on solutions of the 
KZ equation expressed by hypergeometric integrals. He also investigated the case of resonance at 
infinity appearing in conformal field theory. He showed that the KZ equation is represented as 
a differential equation satisfied by period integrals for certain algebraic varieties, and is expressed as 
a Gauss-Manin connection.  
 
H. Nakajima studied partial resolutions of singularities of Coulomb branches arising from flavor 
symmetry with Braverman and Finkelberg. In particular, he determined them for Coulomb branches 
of quiver gauge theories in the following cases: For type ADE, they are convolution diagrams for 
slices in the affine Grassmannian. For affine type A, they are resolutions given by GIT quotients of 
bow varieties. He also proposed a conjecture realizing geometric Satake correspondence for general 
Kac-Moody Lie algebras via Coulomb branches. This conjecture was proved for affine type A. 
 
Y. Toda introduced the notions of d-critical flops, flips, as analogues of birational transformations for 
d-critical schemes, and showed that moduli spaces of stable objects on Calabi-Yau 3-folds are 
related by d-critical flops, flips, under wall-crossing of stability conditions (arXiv:1805.00182). 
Moreover, he showed the existence of fully-faithful functors between derived categories of coherent 
sheaves on stable pair moduli spaces, which gives a link between wall-crossing of 
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Donaldson-Thomas invariants and D/K conjecture in birational geometry (arXiv:1805.00183). 
 
T. Abe constructed a certain 0-cycle containing information of ramification to describe ramification 
theory using a homotopy theoretic point-of-view. To construct this 0-cycle, we need successive 
modification of a given variety, and the hardest part is to show that this modification stops. For this, 
we used ideas of Kedlaya, and needed a deep analysis on Zariski-Riemann space. Next year, Abe 
plans to make the link with ramification theory clear using this 0-cycle. 
 
T. Milanov worked in collaboration with J. Cheng in 2018. They focused on a certain type of 
Kac-Wakimoto hierarchies of type D. It is known that the total descendant potential of a simple 
singularity of type ADE is a tau-function of the so-called principal Kac-Wakimoto hierarchy. It is also 
known that the solutions to the Kac-Wakimoto hierarchy of D type are parametrized by the points of 
an infinite Grassmanian. The goal of their first project was to find the point in the infinite 
Grassmanian that corresponds to the total descendant potential. They solved the problem by 
characterizing the wave function of the corresponding point in the Grassmanian as an eigenfunction 
of a certain differential operator. The paper is available on arXiv:1804.07417 (submitted to IMRN). 
The second project was to construct an integrable hierarchy governing the Gromov-Witten invariants 
of a Fano orbifold line of type D. The answer can be given both in the form of a system of Hirota 
bilinear equations and a system of Lax equations. The details of their work will be outlined in two 
papers, which will be available soon on the arXiv. 
 
All of the mathematical works are concerned with (3) of 9 challenges. 
 
Why do we exist? 
KamLAND-Zen: Neutrinoless double beta decay is one of the clues to solve the mystery: why is our 
Universe made of matter? Or why does almost no antimatter exist in our Universe? KamLAND-Zen is 
an experiment to search for neutrinoless double beta decay in Xenon 136 and its detector is located 
1000m underground in the Kamioka mine. An international team led by K. Inoue (PI of the Kavli 
IPMU and also Director of the Research Center for Neutrino Science, Tohoku University) including A. 
Kozlov holds the world best limit for the effective Majorana neutrino mass and the limit excludes 
most of the degenerated mass hierarchy region. The team has successfully launched new 
experimental phase with doubled Xenon mass of 745 kg. The newly introduced container appeared 
to be 10 times cleaner with respect to the previous contamination level, and the fiducial volume can 
be 3 to 4 times larger than the previous phase. It will surpass the previously achieved world best 
sensitivity in about 6 months and will cut into the inverted mass hierarchy region where theoretical 
predictions by Yanagida’s model and another Hamaguchi’s model exist [(4) of 9 challenges].  
 
T2K: The T2K experiment probes neutrino oscillation by studying the properties of neutrinos and 
antineutrinos produced at the J-PARC accelerator and detected 295 km away in the 
Super-Kamiokande (SK) detector. The main physics objective of T2K is to compare the rate of muon 
neutrino to electron neutrino oscillations with the rate of muon antineutrino to electron antineutrino 
oscillations. Observing a difference in the oscillation rates for neutrinos and antineutrinos would be 
the first evidence of CP violation in the lepton sector. The Kavli IPMU has been directly involved in 
the analysis of T2K data to make neutrino oscillation measurements, with M. Hartz serving as 
co-Analysis Coordinator, and B. Quilain serving as the leader of the Japanese oscillation analysis 
effort. With data collected through May 2018, T2K released new oscillation results at a KEK 
colloquium in January 2019. These results disfavor CP conservation at the 95% confidence level. The 
Kavli IPMU is also contributing to improvements in the oscillation analysis. Oxford/Kavli IPMU 
graduate student T. Vladisavljevic has completed his thesis work to update the T2K flux calculation 
with replica target data collected by the NA61/SHINE experiment. With his work, the uncertainty on 
the T2K flux calculation has been reduced from 10% to 5%. This new flux calculation will be used in 
T2K oscillation and neutrino cross section measurements starting in 2019. T2K will now shift focus to 
upgrading the experiment for future operation. In FY2019, budget for the upgrade of the J-PARC 
main ring power supplies was approved, and it is expected that this upgrade will be completed in 
FY2021. After completion of the upgrade, it will be possible to increase the beam power by a factor 
of two, allowing for faster accumulation of T2K data [(4) of 9 challenges]. 
 
Belle II: The Kavli IPMU is a collaborating institute of the Belle II experiment at KEK, Japan, which is 
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a high-energy electron-positron collider experiment searching for new physics beyond the Standard 
Model of particle physics. The silicon vertex detector (SVD) for the Belle II experiment has a 
four-layer cylindrical structure, and each of the layers is comprised of ladder-like sensor arrays called 
“ladders”. A team led by T. Higuchi has been responsible to the mass production of 16 ladders,  
which make up the outermost SVD layer. By May 24, 2018, the team had successfully finished the 
ladder mass-production, creating 19 ladders, which took six years to make from the first R&D. The 
ladders were placed into the vertex detector (VXD) with the other ladders at KEK. An integrated 
system test of the finished VXD with cosmic rays had successfully shown a >99% charged-track 
finding efficiency. The VXD was installed into the Belle II detector in November. In parallel with the 
ladder mass-production, the Belle II detector confirmed the first electron-positron collision with a 
reduced-scale VXD (BEAST) on April 26, 2018. The other “first” collision meaning the first collision 
with all the Belle II sub-detectors installed was confirmed on March 25, 2019. Real data taking of 
Belle II has just started, and the team will elucidate the new physics in the Belle II data by 
continuing precise measurements of the CP-violating parameters, search for a long-lived particle, 
and other physics activities utilizing their deep experience in the experimental apparatus [(4) of 9 
challenges]. 
 
EGADS: In FY2018 the most significant activity was the complete refurbishment of the 
Super-Kamiokande (SK) tank in preparation of loading gadolinium (Gd) following the successful 
demonstration of the necessary technology in EGADS. After some 3000 people-days of effort, the 
longstanding water leak in the SK tank was successfully repaired, a few hundred dead PMTs that 
had failed since the last in-tank work in 2006 were replaced, rust spots on detector surfaces were 
removed, and additional Gd-related plumbing was installed. The EGADS team led by M. Vagins now 
expect to add the first Gd to SK during FY2019. In the already Gd-loaded EGADS, they will continue 
water filtration studies and a hunt for neutrinos from galactic supernova explosions [(4) of 9 
challenges]. 
 
2. Generating Fused Disciplines 
* Describe the content of measures taken by the Center to advance research by fusing disciplines. For example, measures that 

facilitate doing joint research by researchers in differing fields. If any, describe the interdisciplinary research/fused discipline that 
have resulted from your efforts to generate fused disciplines. You may refer to the research results described concretely in “1. 
Advancing Research of the Highest Global Level.” 

 
Cosmology and statistics: The JST CREST project “Statistical Computational Cosmology” led by N. 
Yoshida is aimed at developing fast imaging data analysis applications for the Subaru HSC survey. In 
2018, they developed the “Dark Emulator” that outputs statistical quantities and spatial clustering of 
galaxies needed for cosmological parameter inference with weak gravitational lensing observation. 
The emulator is based on modern statistical techniques, such as Gaussian process and principle 
component analysis, as well as a large simulation database. It has already been used in several 
publications by the HSC collaboration. They have also developed a deep-learning method based on 
generative adversarial networks to reduce the noise in gravitational lensing measurements [(1) of 9 
challenges].  
 
Physics and mathematics:  
 
H. Ooguri, with D. Harlow, proved the long standing conjecture that quantum gravity has no global 
symmetry. Symmetry has been an important guiding principle in discovering fundamental laws of 
Nature and using them to describe physical phenomena. However, it has been claimed that any 
mathematically consistent theory to unify quantum mechanics and general relativity cannot have 
exact global symmetry, which acts non-trivially on physical states. The pair gave definite proof of this 
conjecture in the context of the AdS/CFT correspondence. Before their paper, the main argument for 
it was based on the counting of black hole microstates using the Bekenstein-Hawking entropy 
formula. This argument, however, was limited in several ways, and in particular did not exclude 
discrete global symmetries. They took a new approach and proved the conjecture in full generality 
by making use of the recently-discovered connection between the holographic principle in quantum 
gravity and the theory of quantum error correction, which is expected to play an important role in 
realizing fault tolerant quantum computation. Their work has also allowed proof of two other related 
conjectures about gauge symmetries in quantum gravity. They have published two papers, one with 
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a full proof in 175 pages, and another announcing the proof in 5 pages. The shorter 5-page paper 
will appear in a future issue of Physical Review Letters. 
 
M. Yamazaki constructed an intriguing example of supersymmetry enhancement along 
renormalization group flow in three dimensions. This is in collaboration with former Kavli IPMU 
postdoc D. Gang, who is currently a postdoctoral fellow at the Korea Institute for Advanced Study. 
They provided three independent arguments for supersymmetry enhancement, and one of them 
uses the 3d-3d correspondence, a topic M. Yamazaki initiated in his 2011 paper with a 
mathematician Y. Terashima. In a paper in 2016, M. Yamazaki previously pointed out the relevance 
of the determinant formula for the parabolic Verma modules in the study of conformal bootstrap. M. 
Yamazaki subsequently derived a new determinant formula and irreducibility criterion for 
superconformal algebras, in collaboration with former Kavli IPMU postdoc Y. Oshima. In 
collaboration with a Kavli IPMU postdoc K. Sen, M. Yamazaki worked out in detail the irreducibility 
criterion to superconformal algebras, and worked out a complete list for the possible positions of the 
poles in superconformal blocks for all possible operators and for all superconformal algebras. M. 
Yamazaki has been studying the properties of the “lens-elliptic gamma function”, a special function 
introduced by him, F. Benini and T. Nishioka in 2011 in connection with supersymmetric gauge 
theories on lens space. This year M. Yamazaki and A. Kels, a postdoc at UTokyo in Komaba campus, 
formulated a novel generalization of the tau-function of the discrete elliptic Painlevé equation 
associated with the E8 root lattice, and found a solution with the E7-invariance. The proof uses in a 
crucial way the previous results by A. Kels and M. Yamazaki. This paper has been accepted and will 
appear in mathematics journal IMRN [(3) of 9 challenges]. 
 
T. Watari, a string theorist in the Kavli IPMU, published a paper in collaboration with S. Kondo, a 
mathematician and a faculty member at Middle East Technical University with an affiliated member 
at the Kavli IPMU. It addresses a question of whether modularity of arithmetic varieties has anything 
to do with modular invariance observed in string theory. To be more specific, they pointed out that 
the Hasse-Weil L-function of an elliptic curve with complex multiplication is given by the Mellin 
transform of chiral correlation functions of Type II string theory with the elliptic curve as the target 
space. For an elliptic curve with complex multiplication of a fixed complex structure, there are 
infinitely many arithmetic models. Infinitely many different choices of a metric on the elliptic curve 
as a target space of string theory make it possible to reproduce the L-functions of the infinitely many 
arithmetic models [(3) of 9 challenges]. 
 
T. Melia uncovered a new example of a particular mathematical duality—Howe duality—in physics. 
This arose in his research that targets a deeper mathematical understanding of effective field theory 
(EFT), for systematic application to LHC Phenomenology. It is intimately tied to a new geometric 
understanding of a physical manifold (Stiefel manifold) upon which all observables have support. 
The physics upshot: this can recast the approach of EFT through the lens of harmonic analysis, and 
paves the way to a ‘power spectrum’ (a la CMB) approach to LHC data. The discovery of the Stiefel 
manifold also led to applications in numerical Monte Carlo methods as applied to higher-order field 
theory calculations (e.g. precision calculations for the LHC), work performed with P. Cox (JHEP1812, 
038, 2018). T. Melia co-organized three conferences/symposiums: Beyond the BSM (Gunma, Oct 
2018; focused on interface of particle physics and cosmology), Berkeley Week (Kavli IPMU, Jan 
2018; particle physics and cosmology, encouraged collaborative work between members of the Kavli 
IPMU and UC Berkeley physics department), and Visions for table-top dark matter experiments 
(Kavli IPMU, Feb 2018; cross-disciplinary between atomic molecular optics and particle physics) [(3) 
of 9 challenges].  
 
Medical application of gamma-ray imaging: The life-saving capability of nuclear medicine stems from 
its highly sensitive ability of detecting the early stages of abnormal biological activity. 
Radioactive-labeled compounds, the compound delivery systems and the gamma-ray detection and 
imaging devices make up the vital technological components of nuclear medicine. A team led by T. 
Takahashi established an agreement between the Kavli IPMU and ISAS/JAXA for hard X-ray and 
gamma-ray imaging to transfer from space technology to nuclear medicine (2017-2020), and set up 
a new laboratory at the Kavli IPMU for detector R&D. JSPS Kakenhi (2018-2022: Grant-in-Aid for 
Scientific Research on Innovative Areas, PI. T. Takahashi) has been approved. They also established 
an agreement between the Kavli IPMU and National Cancer Center, and have started in-vivo imaging 
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experiments of small animals using a variety of radio-isotopes. The team consists of five members 
(one from the field of medicine and one from the field of engineering) and two more members, one 
from physics and one from pharmaceutical sciences, will be added. They organized an international 
workshop to discuss interdisciplinary approach of applying cutting-edge technologies at the frontier 
of cancer research in March 2019 [(2) of 9 challenges].  
 
Science and Society: H. Yokoyama, Professor in Science Communication and Public Policy, and Y. 
Ikkatai study gender stereotypes that contribute to fewer women in physics and mathematics by 
focusing on social norms, images, and cultures. In 2018, the results of their study showed that many 
Japanese people share some gender biases that suggest certain academic fields are suitable for 
women, while others are not. More specifically, many people considered pharmacy and nursing to be 
suitable for women, but physics and mechanical engineering were suited to men. Interestingly, this 
tendency was found in people who have a lower level of egalitarian attitude towards gender roles. 
This research has been promoted as a project of RE-designing Science, Technology and Innovation 
Policy, SciREX (2017-2020), supported by the Japan Science and Technology Agency (JST) [(2) of 9 
challenges]. 
 
Science and Art: A. Tsuboi, a staff member at the Kavli IPMU, and T. Kohno, Kavli IPMU PI and 
Professor of Mathematics, organized a symposium on art and mathematics with support from JSPS 
grant-in-aid. In addition to A. Tsuboi and T. Kohno, Y. Nomura (painter) and N. Hirakawa (media 
artist), who were both Artist in Residents at the Kavli IPMU, and M. Yamazaki (a string theorist at the 
Kavli IPMU) presented talks in a symposium [(2) of 9 challenges].     
 
3. Realizing an International Research Environment 
* Describe what’s been accomplished in the efforts to raise the center’s recognition as a genuine globally visible research institute, 

along with innovative efforts proactively being taken in accordance with the development stage of the center, including the 
following points, for example: 

- Efforts being developed based on the analysis of number and state of world-leading, frontline researchers (in Appendix 2); 
exchanges with overseas entities (in Appendix 4); number and state of visiting researchers (in Appendix 5) 

- Proactive efforts to raise the level of the center’s international recognition 
- Efforts to make the center into one that attracts excellent young researchers from around the world (such as efforts fostering 

young researchers and contributing to advancing their career paths) 
 
FY 2018 was the second year of the 5-year extension of the WPI support to achieve the proposed 9 
challenges. To realize (5) of these challenges, we retained the best and open-minded scientists from 
around the world. T. Takahashi and H. Nakajima were newly appointed as Principal Investigators 
(PIs), and total number of PIs has become 28. Among them, the number of on-site PIs increased to 
11. All of our 28 Principal Investigators (7 non-Japanese: 25%) are world-leading scientists. T. 
Takahashi is a leading astro-particle physicist on developing hard X-ray and gamma ray detectors in 
satellite and rocket experiments. He started a new collaboration with JAXA/ISAS and Keio University 
School of Medicine to apply these detectors to biomedical research. H. Nakajima, who received the 
Cole Prize in Algebra in 2003, is a distinguished mathematician and conducts research as a leader in 
a mathematical study of gauge theories, which have their origin in mathematical physics. H. Ooguri 
received the 2018 Hamburg Prize for Theoretical Physics. This was the first year the prize covers all 
areas of theoretical physics. His paper on de Sitter swampland conjecture had a major impact on 
cosmology and became the most cited paper in high energy theory in 2018. H. Murayama was 
appointed as a University Professor of UTokyo. M. Vagins has led the EGADS project, and the 
refurbishment work of the SK detector was successfully completed in January 2019 to apply the 
concept (SK-Gd). The SK resumed data taking with pure water, and is expecting the first Gd to SK 
during FY 2019. M. Takada is the leader of the HSC project, where fruitful scientific results continue 
to come out following the publication of the Publications of the Astronomical Society of Japan, which 
includes 40 new studies related to HSC observation. An international team, led by his group, ruled 
out the possibility that primordial black holes less than 0.1 mm make up dark matter, by carrying out 
microlensing search of stars in the Andromeda galaxy (M31). Other faculty members also play 
leading roles in each field and include PIs of big international projects such as Belle II, T2K, 
KamLAND-Zen, PFS, and LiteBIRD.  
 
Kai Martens has been appointed the first Director of the Kamioka-branch. This demonstrates the fact 
that the Kavli IPMU has established a truly international environment and support system, where a 
foreign researcher whose first language is not Japanese can take such a leadership role.  
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A large fraction of our researchers is non-Japanese. Out of 279 member researchers including faculty, 
postdoc, affiliate members, and long-time visitors, 136 (49%) are non-Japanese. During FY 2018, 
we had 1025 (1261) visitors (the numbers in the parentheses count multiple visits). Among them, 
560 (632) are international and many of them are world-class scientists. The Kavli IPMU has been 
keeping its activity as a key hub for exciting intellectual exchange. 
 
The Kavli IPMU hosted 21 international conferences and workshops in a broad range of fields: 
mathematics, string theory, theoretical astronomy, cosmology, galaxies, high energy physics 
phenomenology, the Hyper-Kamiokande project, Belle II, and dark matter experiments. Among 994 
participants in total, 436 were from foreign institutions. Holding conferences in the Kavli IPMU is 
important to raise our visibility in the international community and to show our leading roles in 
different fields. 
 
Kavli IPMU researchers are mandated to spend 1 to 3 months in oversea institutes. This provides 
great opportunities for collaborative work, and raises the visibility of the Kavli IPMU achievements. 
Researchers presented more than 171 invited talks at both overseas and domestic institutions and 
conferences.  
 
The Kavli IPMU signed 23 cooperative research agreements or memoranda of understanding (MOU). 
The agreement, initiated in 2016, with the Department of Physics at the University of Oxford for the 
purpose of the Kavli IPMU Oxford D.Phil. Fellowships is working effectively. In 2018, three new 
research agreements were signed with the Johns Hopkins University together with the Institute for 
Solid State Physics (ISSP), Okinawa Institute of Science and Technology Graduate University (OIST), 
and the National Cancer Center Japan together with the Institute of Physical and Chemical Research 
(RIKEN). 
 
Several doctoral students in astrophysics or particle physics at U. Oxford are being supervised by 
faculty members of the Kavli IPMU, and are being provided the opportunity to conduct research in 
collaboration with Kavli IPMU researchers [(7) of 9 challenges]. The Kavli IPMU is also working with 
another international graduate program in physics (GSGC), which we hope will be extended to 
astronomy. Young students are becoming attracted to the Kavli IPMU. A group of UTokyo and Kavli 
IPMU faculty members, including Y. Kawahigashi (representative), T. Kohno, A. Bondal, M. Kapranov, 
I. Ueda, and Y. Yamazaki, are planning to submit a proposal for a student exchange program 
between Hamburg University, entitled “Higher algebraic structures and their concrete”, to the JSPS 
and German Research Foundation (DFG). The proposal includes exchange of several graduate 
students per year, aiming to start in FY 2021. Five members visited the Hamburg University to 
discuss the proposal, and a proposal from the German side was submitted in February 2019.   
 
We recruit the brightest young people from around the world as postdoctoral researchers and 
provide them with the best research environment so that they can conduct outstanding research. In 
the winter of 2018, the Kavli IPMU received 728 applications for our postdoctoral positions including 
Kavli fellows and newly established KIAA-Kavli IPMU fellows. Nearly 90% of these applications were 
from abroad. In total, 12 new postdocs will arrive in FY 2019. The Kavli IPMU has been successful in 
mentoring postdoctoral fellows. Many of our former fellows are now at leading academic institutions. 
Out of 21 postdocs who left the Kavli IPMU in FY 2018, 8 assumed faculty positions, and 9 moved to 
other postdoctoral positions in universities or research institutes including KEK, Leiden Observatory, 
John Moores University in Liverpool, Mathematical Science Research Institute, Max Planck Institute 
(MPI), the Open University of Japan, Parma, Nanjing Normal University, Shanghai Jiao Tong 
University, UTokyo, Tohoku University, Nagoya University, Osaka University, NAOJ, and Tsinghua 
University. A total of 170 (64) postdocs who were hired (those hired by other sources) have left the 
Kavli IPMU since its establishment in 2007, out of which 87 (24) have assumed faculty positions. 
 
To further raise the Kavli IPMU’s profile as a globally visible institute, online science news service 
such as EurekAlert!, AlphaGalileo and ResearchSEA have been used effectively to publicize our 
research activities to the world. It was initiated in 2014 and a number of international media 
coverages jumped from about 20 in 2013 to 143 in 2018.  
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4. Making Organizational Reforms 
* If innovated system reforms generated by the center have had a ripple effect on other departments of the host institutions or on 

other research institutions, clearly describe in what ways. 
* Describe the center’s operation and the host institution’s commitment to the system reforms. 
 
A group of Kavli IPMU administrative staff members was awarded the UTokyo’s 2018 Special Prize for 
Business Transformation from the President for the sixth time, following 2008, 2013, 2015, 2016 and 
2017. The Kavli IPMU team developed and is running a smartphone app, which provides 
step-by-step information in English about how to take public transport from the international airport, 
how to find and ride the free shuttle bus to Kashiwa campus from the train station, and maps that 
show where individual researcher offices are. This has triggered administrative staff in other 
departments to start developing their own smartphone apps, further advancing system reforms. 
 
The 2008 achievement for “web site to accept the foreign researchers in Kashiwa Campus” has 
already been requested to be adopted by administrative sections of many other faculties. The 2013 
“thoroughgoing safety education by network distribution of education video and final quiz” has been 
requested to be adopted by the UTokyo environmental and safety research center in Kashiwa, 
Graduate school of Engineering UTokyo, Graduate school of Mathematical Science UTokyo and ICRR. 
The 2015 “language website to explain UTokyo’s employee procedures for international researchers” 
has been used freely through the UTokyo website. The 2016 “Win-Win project towards University 
Globalization” has been requested by the UTokyo hospital medical administrative section and ICRR. 
The 2017 “E-learning for Sexual Harassment Prevention” video in English has been adopted as the 
official education course of the University Harassment Counseling Center [(6) of 9 challenges]. 
 
The Kavli IPMU has already achieved many reforms, including more flexible uses of tenure positions, 
merit-based salary system, “nenpo” system for permanent faculty members, Kavli endowment and 
naming. Our successful system reforms have now spread across the University, and are expected to 
produce ripple effects to other research institutions to help boost the overall competitiveness of 
Japan on a global scale. One of the successful ripple effects through the host institute has been 
cross-appointments. The number of cross-appointments in UTokyo totaled more than 90 so far. It 
was initiated at the Kavli IPMU; in FY 2018 Prof. Y. Ito was cross-appointed between Nagoya 
University and M. Hartz was promoted to Associate Professor with cross-appointment between 
TRIUMF. It has now spread over not only within UTokyo, but also to other research institutions, such 
as ones between Kyoto University and MPI, and between KEK and Osaka University. 
 
Regarding ‘taking out walls between departments’, H. Yokoyama, Professor in Science 
Communication and Policy, is acting as a catalyst between the Kavli IPMU and the Interfaculty 
Initiative in Information Studies by accepting their PhD students. She has been appointed as a 
research leader of Science Communication of UTokyo Bioethics Collaborative Research Organization 
which is founded as a collaborative research organization made up of the multiple departments of 
the UTokyo through the reintegration and arrangement of existing projects, and as a structure to 
become a hub of social collaboration, education, and research concerning bioethics. The LiteBIRD 
team started to collaborate with a group at the Graduate School of Frontier of Science UTokyo, and 
also with a group at the Institute for Photon Science and Technology UTokyo led by President M. 
Gonokami. We are providing information to the newly established WPI institute, International 
Research Center for Neurointelligence (IRCN), in UTokyo based on our 11 years of experiences.  
 
5. Efforts to Secure the Center’s Future Development over the Mid- to Long-term 
* Address the following items, which are essential to mid- to long-term center development: 
- Future prospects with regard to the research plan, research organization and PI composition; prospects for the fostering and 

securing of next-generation researchers 
- Prospects for securing resources such as permanent positions and revenues; plan and/or implementation for defining the center's 

role and/or positioning the center within the host institution's institutional structure 
- Measures to sustain the center as a world premier international research center after program funding ends 
- Host institution’s organizational reforms carried out for the Center’s autonomous administration simultaneously with the creation 

of the Center. 
 
The positioning of the Kavli IPMU within UTokyo is quite clear. President Gonokami’s ‘Vision 2020’ 
emphasizes the importance of “Expansion and Establishment of Internationally-renowned Bases for 
Research”. An action to realize this vision ‘Action 2020’ has been set up to “establish and expand 
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upon internationally-renowned bases for research at UTokyo 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 UTokyo, and 
creating new, interdisciplinary knowledge that is the first of its kind in the world.” As has already 
been declared by the President at the WPI Program Committee meeting in recent years, the 
President recognizes the Kavli IPMU perfectly matches his vision as a role model for the rest of the 
University. The Kavli IPMU enhances the value of the University, which enables the University to 
attract new revenues. It is reasonable for UTokyo to support the Kavli IPMU with top priority. We 
have made the effort to strengthen the University’s financial base. 
 
Based on this stance, UTokyo has put together a plan for the extension period and beyond. UTokyo 
has already provided 10 tenured positions, and permanent assignment of nine administrative staff 
members. Thanks to MEXT, from FY 2018, the ‘university functionality boost’ budget from MEXT for 
13 positions and for operation has been approved to be a permanent budget. The University will 
maintain and hopefully expand the Kavli IPMU even after WPI support finishes. 
 
A new budget request in the period from FY 2019 to FY 2021 was ranked as No.1 in UTokyo, and a 
budget for the first year has been secured. This budget request is crucial to sustain the Kavli IPMU 
permanently, and we will keep making the request for the following two years. [(9) of 9 challenges] 
 
Through an initiative by the new Director, the Long-Term Strategic Planning Committee was formed 
to discuss goals of the Kavli IPMU in the upcoming 10 years, expanding the achievements and 
current scientific activities of the Kavli IPMU (see below). Also, to achieve an inclusive and supportive 
environment for increasing diversities, the following new leaders were appointed: H. Yokoyama is 
the first female member of our Steering Committee; K. Martens is the Director of our Kamioka 
Branch; A. Kusaka, a researcher at LBNL and a PI of LiteBIRD, is the director of our Berkeley 
Satellite. 
 
Our scientific projects are making great progress. HSC, one of the main projects in the Kavli IPMU, 
led by M. Takada has performed an analysis based on the first two years data and has made 
advances in research in many areas of astronomy and physics. Construction of PFS, a powerful tool 
for spectroscopy, has been in progress and we expect to start science operation in 2021. The Kavli 
IPMU has been the key institute of this international collaborative project. The renovation for 
Gadolinium-doped Super-Kamiokande (SK) project, SK-Gd, has been completed and data taking 
resumed at Kamioka with pure water; it is expected to collect some new supernova neutrinos in 
about two years. The dark matter research project XMASS has completed data taking, and the team 
has decided to join XENONnT project at Gran Sasso in Italy, where accumulated experimental 
expertise of XMASS will contribute to handling of xenon with radio-purification, and neutron veto. 
LiteBIRD is one of the projects on the MEXT Roadmap in Japan and the master plan of Science 
Council. The Kavli IPMU team is the main proponent, involved in developing cryogenic detectors and 
relevant equipment to verify the technical feasibility of LiteBIRD. 
 
Regarding neutrino experiments, the Kavli IPMU is a part of the new ‘Next-generation Neutrino 
Science Organization’ together with ICRR, the Faculty of Science and the recently joined Earthquake 
Research Institute, to advance future experiments for neutrino research. This organization is based 
on the newly defined category for interdisciplinary research in UTokyo. To make our research directly 
beneficial to the society, we started a Gamma-ray imaging project for medical research. A new 
laboratory has been set up at the Kavli IPMU for detector R&D, and an agreement between the Kavli 
IPMU and National Cancer Center (NCC) was signed and a new laboratory at NCC has started in-vivo 
imaging experiments of small animals using a variety of radio-isotopes. This research brings 
advanced technologies of space instruments to bio-medical and drug research, and gives an impact 
on innovation of cancer research targeting within about three years. Collaboration and stimulation 
among fields of mathematics and theoretical physics will be strengthened in coming years. 
 
Two new PIs were appointed and the total number of Principal Investigators increased to 28, 
enhancing the research area and activities. All of our 28 Principal Investigators (7 non-Japanese: 
25%) are world-leading scientists.  
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6. Others 
* Describe what was accomplished in the center’s outreach activities in FY 2018 and how the activities have contributed to enhancing 

the center’s “globally visibility.” In Appendix 6, describe concretely the contents of these outreach activities. In Appendix 7, describe 
media reports or coverage, if any, of the activities. 

* In addition to the above 1-5 viewpoints, if there is anything else that deserves mention regarding the center project’s progress, 
note it. 

 
In FY 2018, the Kavli IPMU accomplished various outreach activities, including the following which 
particularly contributed to enhance the globally visibility of the Kavli IPMU. 
 
Convergence of Science and Philosophy (invited Professor M. Gabriel) 
On 10 June 2018, the Kavli IPMU invited M. Gabriel, Professor of Philosophy at U Bonn and the 
best-selling author of “Why the World Does Not Exist,” to speak at our public lecture event “Universe 
x World” held at Miraikan science museum. More than 200 people came to the event to listen to 
lectures by Gabriel and Kavli IPMU Principal Investigator Y. Nomura, and their discussion. Transcripts 
of these talks were published in the October 2018 issue of Japanese magazine “Gendai Shiso 
(Contemporary Philosophy)”. On the following day, Gabriel and Y. Nomura took part in another event 
“Science and Metaphysics”, co-hosted by the International Research Center for Neurointelligence of 
UTokyo. It was an academic event attended by students and faculty members. Gabriel also appeared 
in a TV program “Philosophy in the Age of Desire – Markus Gabriel in Japan” aired on NHK BS1 on 
July 15, 2018, part of which was his talk from the “Universe x World” event. He is planning to visit 
the Kavli IPMU again in the spring of 2020 to discuss with our scientific members, especially in 
connection with his new book project on the existence of the Universe. 
 
Convergences of Science and Art (Kavli IPMU Artist in Resident N. Hirakawa receives Excellence 
Award in the Art Division of the 22nd Japan Media Arts Festival) 
N. Hirakawa, who took part in Kavli IPMU’s Artist in Residence program in 2016, was awarded the 
Excellence Award in the Art Division at the 22nd Japan Media Arts Festival organized by the Agency 
of Cultural Affairs for his piece “datum”. Hirakawa’s award-winning piece was conceived at the Kavli 
IPMU during his stay, when he discussed with our researchers on theoretical physics, in particular on 
string theory, and he was inspired by the notion of “dimensions.” The award citation praises “its 
unique and original idea that came about by engaging with mathematicians and physicists working 
at the forefront of their research fields.” “datum” is being exhibited at Tokyo’s Mori Art Museum’s 
“Roppongi Crossing” exhibition series from 9 February to 26 May, 2019. It will then be exhibited at 
Tokyo’s Miraikan from 1 to 16 June, 2019, along with other prize-winning pieces. 
 
Kavli IPMU researcher involved in development of planetarium program (Commemorative Event for 
“HORIZON: What lies beyond the edge of the Universe”) 
To celebrate the Tamarokuto Science Center’s 25th anniversary in Tokyo, Kavli IPMU Principal 
Investigator E. Komatsu was invited to speak at their commemorative event on 30 March, 2019. The 
event included a showing of “HORIZON: What lies beyond the edge of the Universe”, a planetarium 
program starring Komatsu, who also helped as a scientific advisor, followed by a talk by E. Komatsu, 
then another talk by HORIZON director H. Kosaka, and finally a discussion by both speakers. This 
planetarium program was developed by the Tamarokuto Science Center, and its release was 
celebrated at a preview event on 10 July, 2017. The program was shown at the science center from 
6 October, 2017, to 28 January, 2018. H. Kosaka is an award-winning film director who has also 
developed the popular planetarium program “HAYABUSA – BACK TO THE EARTH -”, a story of robotic 
spacecraft Hayabusa’s return to Earth in 2010. H. Kosaka and E. Komatsu met one another when the 
Kavli IPMU co-hosted the 9th National Astronomical Observatory of Japan workshop at Kashiwa 
campus. After the planetarium program was shown at the Tamarokuto Science Center, it has been 
shown at science museums in Sendai and Kagoshima. It has also been shown overseas, and has 
received several awards. This includes a showing at the Minsk International Fulldome Festival 2018 
in Belarus in November, 2018, where it was awarded Best Documentary Fulldome Film. In June 2018, 
the program was also selected for the Best Movie Awards at the Fulldome Festival Brno 2018 in the 
Czech Republic in June, 2018.  
 
Journalist in residence at Kavli IPMU leads to feature article in overseas media  
From August 1 to 8, the Kavli IPMU hosted B. Martin, a reporter for Spanish major daily newspaper 
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El País journalist, as part of his fulfillment to the European network (Horizon2020 ITN Elusives, 
www.elusives.eu). During his stay, Martin attended our tea time and interacted with Kavli IPMU 
researchers, visited the High Energy Accelerator Research Organization in Tsukuba, and the Kamioka 
Observatory. He also carried out a follow up interview with Kavli IPMU Principal Investigator M. 
Vagins, and then wrote and published a feature length article about the introduction of Gadolinium 
into the Super-Kamiokande detector to study supernova neutrinos for El País.  
 
Kavli IPMU Women in Physics events 
In Japan, the number of women who choose careers in science, particular physics, is still extremely 
low. Students with an interest in physics are faced with many challenges, including a lack of female 
leaders who can give them advice, and few peers to share their issues. To help resolve this problem, 
since 2016 the Kavli IPMU has co-hosted a science career event together with the UTokyo’s Institute 
for Solid State Physics, and the Institute for Cosmic Ray Research, specifically aimed at female 
undergraduate and graduate students. At the event, a number of speakers talk about their own 
career paths, and discussion times are extended to encourage participants meet other participants 
to build up their own support network. Lately, an after-event dinner has been introduced for 
students wishing to have more time get to know other participants. Co-hosting the event has 
allowed the hosts to cover a wide range of research fields including particle physics, nuclear physics, 
astronomy, solid state physics, and engineering. In the past, participants have commented that 
listening to working women with science careers talk about their own career choices has been a 
great help in thinking about their own future choices. Others have said that it was worth their time to 
meet other students with similar interests to their own. 
 
The Science Movie “The Man from the 9 Dimensions” Supervised by Hirosi Ooguri Expands its 
Worldwide Distributions. 
The movie, released in April 2016 and received the 2016 Best Educational Production Award from 
the International Planetarium Society, is continued to be shown worldwide. It has been running 
continuously for three years, both in English and Japanese. Now, Chinese and Spanish versions have 
been made, and a German version will be premiered in Hamburg in the fall 2019. During 2018, it was 
shown in Bogoda, Chicago, Hamburg, Hong Kong, Bangalore and Mumbai, as well as in several 
locations in Japan. Ooguri gave public talks together with the movie at some of these locations.     
 
Principal Investigator Hitoshi Murayama in NHK documentary “Last Lecture”  
Kavli IPMU Principal Investigator H. Murayama appeared on NHK documentary series Last Lecture as 
“Physicist Hitoshi Murayama”. The show aired on NHK-BS1 on 20 February, 2019. Recording took 
place on 12 January, 2019, in a lecture hall at the UTokyo’s Hongo campus. More than 100 university 
undergraduates and graduate students came to hear Murayama’s lecture, which was made for the 
program. The Last Lecture series focuses on the presenter of the episode, who is asked to prepare a 
talk as if it was his or her last day on Earth. “What message would you want to leave to the world?” 
Past presenters include manga writer J. Miura, and robot engineer and Osaka University Professor H. 
Ishiguro. H. Murayama titled his talk, “The Monkey who does Science”. He talked about why he 
became interested in science, when he decided to become a researcher, and shared many stories 
from his years working in physics. He also talked about the competitive environment of research, 
and about the projects and papers he is currently involved with. His story about how he became H. 
Murayama the researcher was well received by viewers, and the episode became the fifth most 
watched show on NHK’s online channel on 22 February. Because of its popularity, NHK-BS1 aired a 
re-run of the program on 23 February.  
 
Organizing workshop for scientist and high-school students and teachers 
In FY 2018, the Kavli IPMU kept collaborating with CoREF (Consortium for Renovating Education of 
the Future) to find a way to place the latest advances in scientific research into the high school 
curriculum. An event was carried out to test the development of an interactive lesson called “From 
high school physics to frontier research of the Universe”, which Kavli IPMU PI H. Murayama spoke 
and took part in. On July 29, 2018, high school students and teachers were invited to try learning 
about the universe. [(8) of 9 challenges] 
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7. Center’s Response to Results of Last Year’s Follow-up 
* Transcribe the item from the “Actions required and recommendations” section in the site visit report and “Actions required and 
recommendations” in the Follow-up report, then note how the center has responded to them.  

* For the center launched in FY 2018, describe the status of response to the pointed items in ”Major points that need to be 
improved” of “The screening result for WPI centers launched in FY 2018.” 

* However, if you have already provided this information, indicate where in the report. 
 
SITE VISIT REPORT 
7. Actions required and recommendations 
1) Kavli IPMU has developed a nurturing culture for a generation of new explorations in physics 

together with promoting synergies among other fields. Kavli IPMU has a unique opportunity 
among universities / institutes to promote risk taking. Radically new directions in physics can 
be stimulated in this way. Naturally not all efforts will be successful. We have heard of 
successful experiments and theoretical investigations. It would be useful to hear about the 
failed explorations, as evidence of risk taking.  

Yes, indeed. Not all of our efforts have been successful. Discussing a specific case is difficult since it 
can be harmful to those involved if we name names. However, here is one example we can describe 
without going into specifics:  
Several years ago, we hired a tenure-track assistant professor in mathematics, aiming to promote 
fusion research with physics at the Kavli IPMU. Some of our PIs expressed concerned at the time of 
the appointment since the research area seemed very abstract, with little overlap with physics, but 
we decided give it a try. In the end, the researcher was not granted tenure, unfortunately, due to 
lack of identifiable fusion. Before the researcher left us, however, a new collaboration with a 
theoretical physicist at the Kavli IPMU started. Several years later, they discovered an unexpected 
connection between the very abstract area of mathematics and an important problem in physics, 
and their joint paper at the interface of physics and mathematics was accepted for publication in a 
prestigious refereed journal. This example shows that sometime a risk we take leads to an 
apparent failure (in this case, the ambitious appointment did not end with tenure), but it also shows 
that, in basic science, we need to take a long view in deciding whether a particular exploration has 
ended up in success or failure.    
In cosmology, a new class of benchtop experiments open exciting possibilities for significant new 
laboratory exploration of the dark sector. Major progress in detectors and benchtop instrumentation 
using quantum measurement and atomic interferometry has occurred within the last decade, 
enabling an improvement of the sensitivity of experiments by as many as 10 orders of magnitude. 
Serendipitously, during the same period new ideas emerged for the description of the behavior of 
quantum systems as well as the description of the dark matter and dark energy of the universe. 
Remarkably, these new ideas are within reach of the emerging new experimental techniques based 
on these technological breakthroughs. 
This is one of the initiatives being discussed in our long-term strategic planning committee. To 
inform us on this area, a symposium was held at the Kavli IPMU on February 26 – 27, 2019, and one 
of its speakers, Dmitry Budker, was interviewed by the planning committee. Following the 
symposium, a collaboration with the group of Hidetoshi Katori, who is building precision clocks, is 
being explored. Tom Melia, our tenure-track, and a newly recruited postdoc are making progress in 
this field, and we have hired a new postdoctoral fellow, Yevgeny Stadnik, to work in this area.  
 
2) Since ISM involvement is rather limited (see 6. 2). It might be wise to bring in one or more of 

the new generation of astrophysicists, who have a track record of innovation in data-driven 
discovery.  

In addition to ISM, we have started to collaborate with other institutes together to develop new 
statistical methods. For example, together with researchers at NAOJ and ISM, we have developed a 
novel noise reduction method using deep learning. The joint venture of the Kavli IPMU and ISM is 
serving as a research hub in data science researches in Japan.  
Regarding human resources, our project assistant professor Takahiro Nishimichi has been 
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promoted to associate professor at Kyoto University, and he is strengthening our collaboration with 
the Yukawa Institute on big data cosmology. We also have a new affiliate member, Tilman Hartwig, 
who is an assistant professor at the newly established Institute for Physics of Intelligence of the 
UTokyo, to lead astro-informatics projects at the Kavli IPMU. We are exchanging young and 
talented scientists with expertise on data science with domestic and foreign institutes. Current 
ongoing faculty search includes candidates with a strong background in machine learning/AI.  
 
3) Time to think about the future of SuMIRe is now. To leverage the current SuMIRe project, we 

recommend Kavli IPMU to get involved in the upcoming probes of the physics of dark energy, 
so-called “Stage IV” experiments. Due to the complexity of the data, it will require several 
years to develop effective analysis tools. Also, it is not too late to get involved in the upcoming 
next-generation probes of the physics of the universe. 

Opportunities with WFIRST and LSST are being discussed in our long-term strategic planning 
committee. We are discussing with NAOJ on Japanese participation to LSST.  
 
4) We have been told that Oxford students are doing very well. This is good. However, we have 

not heard anything about the philosophy of graduate education at Kavli IPMU. If a student 
program is to exist at Kavli IPMU, we hope to hear about its educational philosophy in the 
future. We understand that some students are brought in from Japanese universities for 
special projects such as LiteBIRD. The Kavli IPMU graduate school program should benefit 
Japanese students too. It might be the best way to globalize the entire Japanese research 
effort.  

Indeed, the Kavli IPMU provides unique opportunities for Japanese students to be exposed to the 
environment where scientists from all over the world work together on fundamental questions on 
the universe. Our new “Excellent Graduate Student Program” includes initiatives to leverage this, 
and we hope that it will be selected by MEXT. 
Please see also the Follow-up Report section. 
 
5) Visitor program needs to be more open to domestic researchers so that they can take 

advantage of the international atmosphere of Kavli IPMU. Interdisciplinary workshops will be 
Kavli IPMU’s most attractive elements where participants can learn new subjects. It might be a 
very efficient way to expand the reforms achieved by Kavli IPMU.  

The numbers of affiliate members from Japan and from abroad are roughly the same. Currently, we 
have 150 affiliate members, 60% of whom are from Japan and 40% are from abroad.   
We are also having more joint workshops and conferences with other institutions in Japan, such as 
OIST, Kyoto University, and Tohoku University. This has given opportunities for administrative 
offices of these institutions to review their administrative practices in comparison with those at the 
Kavli IPMU. We plan to organize a school on experimental physics for Japanese graduate students, 
to make them feel welcomed and help them experience research environment in the Kavli IPMU.  
 
6) One junior staff member of the IPMU, when asked what could be improved at the IPMU, 

suggested installing an ombudsperson for potential future cases of internal conflicts or 
harassment issues. We understand that such a program already exits. It should be advertised. 

We have had an ombudsperson system, but it has not been widely advertised within the Kavli IPMU. 
We have appointed Hitoshi Murayama and Mark Vagins as our ombudsperson, and announced this 
appointment to the entire Kavli IPMU community. This information is included in our welcome 
package to new members.  
 

FOLLOW UP REPORT 
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5. Actions required and recommendations 

It is a sincere hope of the PC that the efforts made by Kavli IPMU and by UT towards their 
reforms will lead to a complete reform of the way research is being conducted in Japan. The 
value of setting up WPI at UT will be judged by these reforms which lead to the goal of WPI.  
One outstanding issue is that many faculty members at Kavli IPMU cannot supervise graduate 
students. This is because Kavli IPMU is not a school and hence cannot grant degrees, Kavli 
IPMU is completely at the mercy of traditional departments to have access to graduate 
students. On site Kavli IPMU faculty members, if interested, should be appointed as graduate 
advisors in the respective departments and have access to students. This model is common in 
the United States and UK e.g. the Broad Institute in Boston and the Crick Institute in London. 
This would be an important system reform of the graduate education at UT. 
UT should develop new opportunities such as research experience for undergraduates (REU) 
that will involve more students in the environment of this international research center. It is 
important to get to gifted undergraduates, so that they will have the courage to aim for 
graduate school and to be active in international environments. 

 
This is an issue that research institutes in the US and Europe not attached to departments are also 
experiencing. We are trying to address the issue in the following ways: 

• Currently, 15 out of our 30 professors are associated to departments and can supervise 
students. 

• The Kavli IPMU is leading an “Excellent Graduate Student Program” proposal to MEXT, 
joining forces with IRCN and departments of physics and mathematics. 

• The Oxford student program has been successful in the research fields of CMB, T2K, 
Xenon-DM, SK-Gd and Belle II project.  

• We are also accepting undergraduate students from Harvard University for summer 
internships.  
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Appendix 1 FY 2018 List of Center’s Research Results and Main 
Awards 
 
1. Refereed Papers 
- List only the Center’s papers published in 2018. (Note: The list should be for the calendar year, not the fiscal year.) 
 
(1) Divide the papers into two categories, A and B. 

A. WPI papers 
List papers whose author(s) can be identified as affiliated with the WPI program (e.g., that state “WPI” and the name of the WPI 
center (WPI-center name)). (Not including papers in which the names of persons affiliated with the WPI program are contained only 
in acknowledgements.)  

B. WPI-related papers 
List papers related to the WPI program but whose authors are not noted in the institutional affiliations as WPI affiliated. (Including 
papers whose acknowledgements contain the names of researchers affiliated with the WPI program.) 
 

Newly selected centers in FY2018 are to list papers under category C below (in addition to categories A and B 
above). 
C. Previously published important WPI-related papers 

List previously published papers that provided the basis for the center’s research project plan. (Around 30 papers as a yardstick.) 
 

Note: On 14 December 2011, the Basic Research Promotion Division in MEXT’s Research Promotion Bureau circulated an instruction 
requiring paper authors to include the name or abbreviation of their WPI center among their institutional affiliations. As some 
WPI-affiliated authors of papers published up to 2011 may not be aware of this requirement, their papers are treated as “WPI-related 
papers.” From 2012, the authors’ affiliations must be clearly noted. 

 
(2) Method of listing paper  

- List only refereed papers. Divide them into categories (e.g., original articles, reviews, proceedings).  
- 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 consistent. (The names of the center researchers do not need to be underlined.) 

- If a paper has many authors (say, more than 20), all of their names do not need to be listed. 
- Assign a serial number to each paper to be used to identify it throughout the report. 
- If the papers are written in languages other than English, underline their serial numbers. 
- Order of Listing 

A. WPI papers 
1. Original articles 
2. Review articles 
3. Proceedings 
4. Other English articles 

 
B. WPI-related papers 

1. Original articles 
2. Review articles 
3. Proceedings 
4. Other English articles 
 

C. Previously published important WPI-related papers 
 
(3) Submission of electronic data 

- In addition to the above, provide a .csv file output from the Web of Science (e.g.) or other database giving the paper’s raw data including 
Document ID. (Note: the Document ID is assigned by paper database.) 

- These files do not need to be divided into paper categories. 
 
(4) Use in assessments 

- The lists of papers will be used in assessing the state of WPI project’s progress. 
- They will be used as reference in analyzing the trends and whole states of research in the said WPI center, not to evaluate individual 

researcher performance.  
- The special characteristics of each research domain will be considered when conducting assessments.  

 
(5) Additional documents 

- After all documents, including these paper listings, showing the state of research progress have been submitted, additional documents 
may be requested. 

 
 

A. WPI papers 
1. Original articles 

 

No. Author names and details 

1 Cosmologically viable low-energy supersymmetry breaking 
Hook, A; McGehee, R; Murayama, H 
PHYSICAL REVIEW D 98(11), 115036, DEC 28, 2018 

2 Strongly interacting massive particles through the axion portal 
Hochberg, Y; Kuflik, E; McGehee, R; Murayama, H; Schutz, K 
PHYSICAL REVIEW D 98(11), 115031, DEC 26, 2018 
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3 Subaru High-z Exploration of Low-luminosity Quasars (SHELLQs). V. Quasar Luminosity 
Function and Contribution to Cosmic Reionization at z=6 
Matsuoka, Y et al. 
ASTROPHYSICAL JOURNAL 869(2), 150, DEC 20, 2018 

4 On the Detection of Supermassive Primordial Stars 
Surace, M; Whalen, DJ; Hartwig, T; Zackrisson, E; Glover, SCO; Patrick, S; Woods, TE; Heger, 
A; Haemmerle, L 
ASTROPHYSICAL JOURNAL LETTERS 869(2), L39, DEC 20, 2018 

5 Detection of Coronal Magnetic Activity in nearby Active Supermassive Black Holes 
Inoue, Y; Doi, A 
ASTROPHYSICAL JOURNAL 869(2), 114, DEC 20, 2018 

6 Detecting Radio AGN Signatures in Red Geysers 
Roy, N et al. 
ASTROPHYSICAL JOURNAL 869(2), 117, DEC 20, 2018 
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Sponseller, DR; Suzuki, A; Tat, R 
JOURNAL OF LOW TEMPERATURE PHYSICS 193(5-6), pp.851-859, DEC, 2018 

411 Quark deconfinement as a supernova explosion engine for massive blue supergiant stars 
Fischer, T; Bastian, NUF; Wu, MR; Baklanov, P; Sorokina, E; Blinnikov, S; Typel, S; Klahn, T; 
Blaschke, DB 
NATURE ASTRONOMY 2(12), pp.980-986, DEC, 2018 

413 I.Toward an unbiased study of ionized outflows in z similar to 2 active galactic nuclei: survey 
overview and sample characterization 
Circosta, C et al. 
ASTRONOMY & ASTROPHYSICS 620, A82, NOV 30, 2018 

414 Limit on the axion decay constant from the cooling neutron star in Cassiopeia A 
Hamaguchi, K; Nagata, N; Yanagi, K; Zheng, JM 
PHYSICAL REVIEW D 98(10), 103015, NOV 16, 2018 

415 Final results of the Aurora experiment to study 2 beta decay of Cd-116 with enriched 
(116)CdWO(4 )crystal scintillators 
Barabash, AS et al. 
PHYSICAL REVIEW D 98(9), 92007, NOV 12, 2018 

416 Models with higher weak-isospin Higgs multiplets 
Chiang, CW; Yagyu, K 
PHYSICS LETTERS B 786, pp.268-271, NOV 10, 2018 

417 The Molecular Gas Content and Fuel Efficiency of Starbursts at z similar to 1.6 with ALMA 
Silverman, JD et al. 
ASTROPHYSICAL JOURNAL 867(2), 92, NOV 10, 2018 

418 Anomalous dimensions at finite conformal spin from OPE inversion 
Cardona, C; Sen, K 
JOURNAL OF HIGH ENERGY PHYSICS (11), 52, NOV 8, 2018 

419 Effects of mass models on dynamical mass estimate: the case of ultradiffuse galaxy NGC 
1052-DF2 
Hayashi, K; Inoue, S 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 481(1), pp.L59-L63, NOV, 
2018 

420 Searches for gamma-ray lines and 'pure WIMP' spectra from Dark Matter annihilations in dwarf 
galaxies with HESS 
Abdalla, H et al. 
JOURNAL OF COSMOLOGY AND ASTROPARTICLE PHYSICS (11), 37, NOV, 2018 

421 CRISPR-Sirius: RNA scaffolds for signal amplification in genome imaging 
Ma, HH; Tu, LC; Naseri, A; Chung, YC; Grunwald, D; Zhang, SJ; Pederson, T 
NATURE METHODS 15(11), pp.928-931, NOV, 2018 
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422 A Search for the Host Galaxy of FRB 171020 
Mahony, EK; Ekers, RD; Macquart, JP; Sadler, EM; Bannister, KW; Bhandari, S; Flynn, C; 
Koribalski, BS; Prochaska, JX; Ryder, SD; Shannon, RM; Tejos, N; Whiting, MT; Wong, OI 
ASTROPHYSICAL JOURNAL LETTERS 867(1), L10, NOV 1, 2018 

423 Blackbody Stars 
Suzuki, N; Fukugita, M 
ASTRONOMICAL JOURNAL 156(5), 219, NOV, 2018 

424 The Rest-frame Optical Sizes of Massive Galaxies with Suppressed Star Formation at z similar 
to 4 
Kubo, M; Tanaka, M; Yabe, K; Toft, S; Stockmann, M; Gomez-Guijarro, C 
ASTROPHYSICAL JOURNAL 867(1), 1, NOV 1, 2018 

425 Towards an entanglement measure for mixed states in CFTs based on relative entropy 
Takayanagi, T; Ugajin, T; Umemoto, K 
JOURNAL OF HIGH ENERGY PHYSICS (10), 166, OCT 26, 2018 

426 Curious patterns of IR symmetry enhancement 
Razamat, SS; Sela, O; Zafrir, G 
JOURNAL OF HIGH ENERGY PHYSICS (10), 163, OCT 25, 2018 

427 Tidal Features at 0.05 < z < 0.45 in the Hyper Suprime-Cam Subaru Strategic Program: 
Properties and Formation Channels 
Kado-Fong, E; Greene, JE; Hendel, D; Price-Whelan, AM; Greco, JP; Goulding, AD; Huang, S; 
Johnston, KV; Komiyama, Y; Lee, CH; Lust, NB; Strauss, MA; Tanaka, M 
ASTROPHYSICAL JOURNAL 866(2), 103, OCT 20, 2018 

428 Pendulum Leptogenesis 
Bamba, K; Barrie, ND; Sugamoto, A; Takeuchi, T; Yamashita, K 
PHYSICS LETTERS B 785, pp.184-190, OCT 10, 2018 

429 General couplings of a vector multiplet in N=1 supergravity with new FI terms 
Aldabergenov, Y; Ketov, SV; Knoops, R 
PHYSICS LETTERS B 785, pp.284-287, OCT 10, 2018 

430 Planck 2015 Constraints on the Nonflat phi CDM Inflation Model 
Ooba, J; Ratra, B; Sugiyama, N 
ASTROPHYSICAL JOURNAL 866(1), 68, OCT 10, 2018 

431 The Discovery of a Gravitationally Lensed Supernova Ia at Redshift 2.22 
Rubin, D et al. 
ASTROPHYSICAL JOURNAL 866(1), 65, OCT 10, 2018 

432 A Cool Core Disturbed: Observational Evidence for the Coexistence of Subsonic Sloshing Gas 
and Stripped Shock-heated Gas around the Core of RX J1347.5-1145 
Ueda, S; Kitayama, T; Oguri, M; Komatsu, E; Akahori, T; Iono, D; Izumi, T; Kawabe, R; Kohno, 
K; Matsuo, H; Ota, N; Suto, Y; Takakuwa, S; Takizawa, M; Tsutsumi, T; Yoshikawa, K 
ASTROPHYSICAL JOURNAL 866(1), 48, OCT 10, 2018 

433 Beyond Starobinsky inflation 
Aldabergenov, Y; Ishikawa, R; Ketov, SV; Kruglov, SI 
PHYSICAL REVIEW D 98(8), 83511, OCT 8, 2018 

434 Stellar mass dependence of the 21-cm signal around the first star and its impact on the global 
signal 
Tanaka, T; Hasegawa, K; Yajima, H; Kobayashi, MIN; Sugiyama, N 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 480(2), pp.1925-1937, OCT, 
2018 
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435 A Gaia DR2 search for dwarf galaxies towards Fermi-LAT sources: implications for annihilating 
dark matter 
Ciuca, I; Kawata, D; Ando, S; Calore, F; Read, JI; Mateu, C 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 480(2), pp.2284-2291, OCT, 
2018 

436 In vivo simultaneous imaging with Tc-99m and F-18 using a Compton camera 
Sakai, M; Yamaguchi, M; Nagao, Y; Kawachi, N; Kilcuchi, M; Torikai, K; Kamiya, T; Takeda, S; 
Watanabe, S; Takahashi, T; Arakawa, K; Nakano, T 
PHYSICS IN MEDICINE AND BIOLOGY 63(20), 205006, OCT, 2018 

437 Orbital Characterization of GJ1108A System, and Comparison of Dynamical Mass with 
Model-derived Mass for Resolved Binaries 
Mizuki, T et al. 
ASTROPHYSICAL JOURNAL 865(2), 152, OCT 1, 2018 

438 The delay of shock breakout due to circumstellar material evident in most type II supernovae 
Forster, F et al. 
NATURE ASTRONOMY 2(10), pp.808-818, OCT, 2018 

439 SCUBA-2 Ultra Deep Imaging EAO Survey (STUDIES). II. Structural Properties and 
Near-infrared Morphologies of Faint Submillimeter Galaxies 
Chang, YY et al. 
ASTROPHYSICAL JOURNAL 865(2), 103, OCT 1, 2018 

440 Geometry of Coadjoint Orbits and Multiplicity-one Branching Laws for Symmetric Pairs 
Kobayashi, T; Nasrin, S 
ALGEBRAS AND REPRESENTATION THEORY 21(5), pp.1023-1036, OCT, 2018 

441 Growth problems of stellar black holes in early galaxies 
Orofino, MC; Ferrara, A; Gallerani, S 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 480(1), pp.681-691, OCT, 
2018 

442 Compactifications of ADE conformal matter on a torus 
Kim, HC; Razamat, SS; Vafa, C; Zafrir, G 
JOURNAL OF HIGH ENERGY PHYSICS (9), 110, SEP 18, 2018 

443 Massive vector multiplet with Dirac-Born-Infeld and new Fayet-Iliopoulos terms in 
supergravity 
Abe, H; Aldabergenov, Y; Aoki, S; Ketov, SV 
JOURNAL OF HIGH ENERGY PHYSICS (9), 94, SEP 17, 2018 

444 Compactification of 6D minimal SCFTs on Riemann surfaces 
Razamat, SS; Zafrir, G 
PHYSICAL REVIEW D 98(6), 66006, SEP 14, 2018 

445 Stable Pairs on Nodal K3 Fibrations 
Gholampour, A; Sheshmani, A; Toda, Y 
INTERNATIONAL MATHEMATICS RESEARCH NOTICES (17), pp.5297-5346, SEP, 2018 

446 Characteristics and Performance of the CALorimetric Electron Telescope (CALET) Calorimeter 
for Gamma-Ray Observations 
Cannady, N et al. 
ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES 238(1), 5, SEP, 2018 

447 Planck 2015 Constraints on the Non-flat Lambda CDM Inflation Model 
Ooba, J; Ratra, B; Sugiyama, N 
ASTROPHYSICAL JOURNAL 864(1), 80, SEP 1, 2018 
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448 Direct collapse to supermassive black hole seeds with radiation transfer: cosmological haloes 
Ardaneh, K; Luo, Y; Shlosman, I; Nagamine, K; Wise, JH; Begelman, MC 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 479(2), pp.2277-2293, SEP, 
2018 

449 Gopakumar-Vafa invariants via vanishing cycles 
Maulik, D; Toda, Y 
INVENTIONES MATHEMATICAE 213(3), pp.1017-1097, SEP, 2018 

450 The frozen phase of F-theory 
Bhardwaj, L; Morrison, DR; Tachikawa, Y; Tomasiello, A 
JOURNAL OF HIGH ENERGY PHYSICS (8), 138, AUG 22, 2018 

451 Search for GeV Gamma-Ray Counterparts of Gravitational Wave Events by CALET 
Adriani, O et al. 
ASTROPHYSICAL JOURNAL 863(2), 160, AUG 20, 2018 

452 Gravitino and Polonyi production in supergravity 
Addazi, A; Ketov, SV; Khlopov, MY 
EUROPEAN PHYSICAL JOURNAL C 78(8), 642, AUG 11, 2018 

453 Confinement of the Crab Nebula with tangled magnetic field by its supernova remnant 
Tanaka, SJ; Toma, K; Tominaga, N 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 478(4), pp.4622-4633, AUG, 
2018 

454 First Data Release of the COSMOS Ly alpha Mapping and Tomography Observations: 3D Ly 
alpha Forest Tomography at 2.05 < z < 2.55 
Lee, KG et al. 
ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES 237(2), 31, AUG, 2018 

455 Correcting for peculiar velocities of Type la supernovae in clusters of galaxies 
Leget, PF et al. 
ASTRONOMY & ASTROPHYSICS 615, A162, AUG 1, 2018 

456 Subaru/HiCIAO HKs Imaging of LKHa 330: Multi-band Detection of the Gap and Spiral-like 
Structures 
Uyama, T et al. 
ASTRONOMICAL JOURNAL 156(2), 63, AUG, 2018 

457 Discrete gauging in six dimensions 
Hanany, A; Zafrir, G 
JOURNAL OF HIGH ENERGY PHYSICS (7), 168, JUL 26, 2018 

458 Constraining Gluonic Quartic Gauge Coupling Operators with gg -> gamma gamma 
Ellis, J; Ge, SF 
PHYSICAL REVIEW LETTERS 121(4), 41801, JUL 23, 2018 

459 Symmetry enhancement and closing of knots in 3d/3d correspondence 
Gang, DM; Yonekura, K 
JOURNAL OF HIGH ENERGY PHYSICS (7), 145, JUL 23, 2018 

460 Galaxy-Galaxy Weak-lensing Measurements from SDSS. II. Host Halo Properties of Galaxy 
Groups 
Luo, WT; Yang, XH; Lu, TH; Shi, F; Zhang, J; Mo, HJ; Shu, CG; Fu, LP; Radovich, M; Zhang, JJ; 
Li, N; Sunayama, T; Wang, L 
ASTROPHYSICAL JOURNAL 862(1), 4, JUL 20, 2018 

461 A study of time reversal symmetry of abelian anyons 
Lee, Y; Tachikawa, Y 
JOURNAL OF HIGH ENERGY PHYSICS (7), 90, JUL 13, 2018 
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462 Path-integral complexity for perturbed CFTs 
Bhattacharyya, A; Caputa, P; Das, SR; Kundu, N; Miyaji, M; Takayanagi, T 
JOURNAL OF HIGH ENERGY PHYSICS (7), 86, JUL 12, 2018 

463 High-contrast Polarimetry Observation of the T Tau Circumstellar Environment 
Yang, Y et al. 
ASTROPHYSICAL JOURNAL 861(2), 133, JUL 10, 2018 

464 3d Coulomb branch and 5d Higgs branch at infinite coupling 
Ferlito, G; Hanany, A; Mekareeya, N; Zafrir, G 
JOURNAL OF HIGH ENERGY PHYSICS (7), 61, JUL 9, 2018 

465 Improving the absolute accuracy of the gravitational wave detectors by combining the photon 
pressure and gravity field calibrators 
Inoue, Y; Haino, S; Kanda, N; Ogawa, Y; Suzuki, T; Tomaru, T; Yamanmoto, T; Yokozawa, T 
PHYSICAL REVIEW D 98(2), 22005, JUL 9, 2018 

466 Eigenstate thermalization hypothesis and modular invariance of two-dimensional conformal 
field theories 
Hikida, Y; Kusuki, Y; Takayanagi, T 
PHYSICAL REVIEW D 98(2), 26003, JUL 3, 2018 

467 Anomalies of duality groups and extended conformal manifolds 
Seiberg, N; Tachikawa, Y; Yonekura, K 
PROGRESS OF THEORETICAL AND EXPERIMENTAL PHYSICS (7), 073B04, JUL, 2018 

468 The THESEUS space mission concept: science case, design and expected performances 
Amati, L et al. 
ADVANCES IN SPACE RESEARCH 62(1), pp.191-244, JUL 1, 2018 

469 ALMA 26 Arcmin(2) Survey of GOODS-S at One Millimeter (ASAGAO): Average Morphology of 
High-z Dusty Star-forming Galaxies in an Exponential Disk (n similar or equal to 1) 
Fujimoto, S et al. 
ASTROPHYSICAL JOURNAL 861(1), 7, JUL 1, 2018 

470 The ionization parameter of star-forming galaxies evolves with the specific star formation rate 
Kaasinen, M; Kewley, L; Bian, FY; Groves, B; Kashino, D; Silverman, J; Kartaltepe, J 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 477(4), pp.5568-5589, JUL, 
2018 

471 On-orbit operations and offline data processing of CALET onboard the ISS 
Asaoka, Y et al. 
ASTROPARTICLE PHYSICS 100, pp.29-37, JUL, 2018 

472 Comments on the twisted punctures of A(even) class S theory 
Tachikawa, Y; Wang, YF; Zafrir, G 
JOURNAL OF HIGH ENERGY PHYSICS (6), 163, JUN 29, 2018 

473 Extended Measurement of the Cosmic-Ray Electron and Positron Spectrum from 11 GeV to 4.8 
TeV with the Calorimetric Electron Telescope on the International Space Station 
Adriani, O et al. 
PHYSICAL REVIEW LETTERS 120(26), 261102, JUN 25, 2018 

474 Understanding type Ia supernovae through their U-band spectra 
Nordin, J et al. 
ASTRONOMY & ASTROPHYSICS 614, A71, JUN 15, 2018 

475 D-type conformal matter and SU/USp quivers 
Kim, HC; Razamat, SS; Vafa, C; Zafrir, G 
JOURNAL OF HIGH ENERGY PHYSICS (6), 58, JUN 11, 2018 
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476 The Subaru FMOS galaxy redshift survey (FastSound). V. Intrinsic alignments of emission-line 
galaxies at z similar to 1.4 
Tonegawa, M; Okumura, T; Totani, T; Dalton, G; Glazebrook, K; Yabe, K 
PUBLICATIONS OF THE ASTRONOMICAL SOCIETY OF JAPAN 70(3), 41, JUN, 2018 

477 X-UDS: The Chandra Legacy Survey of the UKIDSS Ultra Deep Survey Field 
Kocevski, DD et al. 
ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES 236(2), 48, JUN, 2018 

478 GAME: GAlaxy Machine learning for Emission lines 
Ucci, G; Ferrara, A; Pallottini, A; Gallerani, S 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 477(2), pp.1484-1494, JUN, 
2018 

479 Entanglement of purification through holographic duality 
Umemoto, K; Takayanagi, T 
NATURE PHYSICS 14(6), pp.573-577, JUN, 2018 

480 Dusty galaxies in the Epoch of Reionization: simulations 
Behrens, C; Pallottini, A; Ferrara, A; Gallerani, S; Vallini, L 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 477(1), pp.552-565, JUN, 
2018 

481 Laboratory Measurement of the Brighter-fatter Effect in an H2RG Infrared Detector 
Plazas, AA; Shapiro, C; Smith, R; Huff, E; Rhodes, J 
PUBLICATIONS OF THE ASTRONOMICAL SOCIETY OF THE PACIFIC 130(988), 65004, JUN, 
2018 

482 Sites whose topoi are the smooth representations of locally prodiscrete monoids 
Kondo, S; Yasuda, S 
JOURNAL OF ALGEBRA 502, pp.382-496, MAY 15, 2018 

483 Model with a gauged lepton flavor SU(2) symmetry 
Chiang, CW; Tsumura, K 
JOURNAL OF HIGH ENERGY PHYSICS (5), 69, MAY 10, 2018 

484 Contraction algebra and invariants of singularities 
Hua, Z; Toda, Y 
INTERNATIONAL MATHEMATICS RESEARCH NOTICES (10), pp.3173-3198, MAY, 2018 

485 Study of the radiation damage effect on Titanium metastable beta alloy by high intensity 
proton beam 
Ishida, T et al. 
NUCLEAR MATERIALS AND ENERGY 15, pp.169-174, MAY, 2018 

486 Nucleosynthesis during a Thermonuclear Supernova Explosion 
Panov, IV; Glazyrin, SI; Ropke, FK; Blinnikov, SI 
ASTRONOMY LETTERS-A JOURNAL OF ASTRONOMY AND SPACE ASTROPHYSICS 44(5), 
pp.309-314, MAY, 2018 

487 Monte Carlo simulations of the detailed iron absorption line profiles from thermal winds in 
X-ray binaries 
Tomaru, R; Done, C; Odaka, H; Watanabe, S; Takahashi, T 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 476(2), pp.1776-1784, MAY, 
2018 

488 All-Order Volume Conjecture for Closed 3-Manifolds from Complex Chern-Simons Theory 
Gang, DM; Romo, M; Yamazaki, M 
COMMUNICATIONS IN MATHEMATICAL PHYSICS 359(3), pp.915-936, MAY, 2018 
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489 Quantum entanglement in de Sitter space with a wall and the decoherence of bubble 
universes 
Albrecht, A; Kanno, S; Sasaki, M 
PHYSICAL REVIEW D 97(8), 83520, APR 30, 2018 

490 Entanglement of purification in free scalar field theories 
Bhattacharyya, A; Takayanagi, T; Umemoto, K 
JOURNAL OF HIGH ENERGY PHYSICS (4), 132, APR 24, 2018 

491 Supersymmetric flaxion 
Ema, Y; Hagihara, D; Hamaguchi, K; Moroi, T; Nakayama, K 
JOURNAL OF HIGH ENERGY PHYSICS (4), 94, APR 16, 2018 

492 One-modulus Calabi-Yau fourfold reductions with higher-derivative terms 
Grimm, TW; Mayer, K; Weissenbacher, M 
JOURNAL OF HIGH ENERGY PHYSICS (4), 21, APR 5, 2018 

493 Physics of superheavy dark matter in supergravity 
Addazi, A; Marciano, A; Ketov, SV; Khlopov, MY 
INTERNATIONAL JOURNAL OF MODERN PHYSICS D 27(6), 1841011, APR, 2018 

494 The Fourteenth Data Release of the Sloan Digital Sky Survey: First Spectroscopic Data from 
the Extended Baryon Oscillation Spectroscopic Survey and from the Second Phase of the 
Apache Point Observatory Galactic Evolution Experiment 
Abolfathi, B et al. 
ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES 235(2), 42, APR, 2018 

495 SPLASH-SXDF Multi-wavelength Photometric Catalog 
Mehta, V et al. 
ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES 235(2), 36, APR, 2018 

496 The collapsar model of gamma ray burst central engine 
Tsuruta, S; Leung, SC; Nomoto, K 
INTERNATIONAL JOURNAL OF MODERN PHYSICS D 27(5), 1830004, APR, 2018 

497 Individual stellar haloes of massive galaxies measured to 100 kpc at 0.3 < z < 0.5 using Hyper 
Suprime-Cam 
Huang, S; Leauthaud, A; Greene, JE; Bundy, K; Lin, YT; Tanaka, M; Miyazaki, S; Komiyama, Y 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 475(3), pp.3348-3368, APR, 
2018 

498 On finite symmetries and their gauging in two dimensions 
Bhardwaj, L; Tachikawa, Y 
JOURNAL OF HIGH ENERGY PHYSICS (3), 189, MAR 29, 2018 

499 Deconstructing the neutrino mass constraint from galaxy redshift surveys 
Boyle, A; Komatsu, E 
JOURNAL OF COSMOLOGY AND ASTROPARTICLE PHYSICS (3), 35, MAR, 2018 

500 SN2012ab: a peculiar Type IIn supernova with aspherical circumstellar material 
Bilinski, C et al. 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 475(1), pp.1104-1120, MAR, 
2018 

501 The KMOS Redshift One Spectroscopic Survey (KROSS): the origin of disc turbulence in z 
approximate to 1 star-forming galaxies 
Johnson, HL et al. 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 474(4), pp.5076-5104, MAR, 
2018 
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502 A surge of light at the birth of a supernova 
Bersten, MC et al. 
NATURE 554(7693), pp.497-499, FEB 22, 2018 

503 Higher derivatives in Type II and M-theory on Calabi-Yau threefolds 
Grimm, TW; Mayer, K; Weissenbacher, M 
JOURNAL OF HIGH ENERGY PHYSICS (2), 127, FEB 21, 2018 

504 Removing instability of inflation in Polonyi-Starobinsky supergravity by adding FI term 
Aldabergenov, Y; Ketov, SV 
MODERN PHYSICS LETTERS A 33(5), 1850032, FEB 20, 2018 

505 The Carnegie Supernova Project I Methods to estimate host-galaxy reddening of 
stripped-envelope supernovae 
Stritzinger, MD; Taddia, F; Burns, CR; Phillips, MM; Bersten, M; Contreras, C; Folatelli, G; 
Holmbo, S; Hsiao, EY; Hoeflich, P; Leloudas, G; Morrell, N; Sollerman, J; Suntzeff, NB 
ASTRONOMY & ASTROPHYSICS 609, A135, FEB 5, 2018 

506 The Carnegie Supernova Project I Analysis of stripped-envelope supernova light curves 
Taddia, F; Stritzinger, MD; Bersten, M; Baron, E; Burns, C; Contreras, C; Holmbo, S; Hsiao, 
EY; Morrell, N; Phillips, MM; Sollerman, J; Suntzeff, NB 
ASTRONOMY & ASTROPHYSICS 609, A136, FEB 5, 2018 

507 Updated observational constraints on quintessence dark energy models 
Durrive, JB; Ooba, J; Ichiki, K; Sugiyama, N 
PHYSICAL REVIEW D 97(4), 43503, FEB 2, 2018 

508 A young contracting white dwarf in the peculiar binary HD49798/RX J0648.0-4418? 
Popov, SB; Mereghetti, S; Blinnikov, SI; Kuranov, AG; Yungelson, LR 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 474(2), pp.2750-2756, FEB, 
2018 

509 Renyi entropy for local quenches in 2D CFT from numerical conformal blocks 
Kusuki, Y; Takayanagi, T 
JOURNAL OF HIGH ENERGY PHYSICS (1), 115, JAN 23, 2018 

510 Edge contraction on dual ribbon graphs and 2D TQFT 
Dumitrescu, O; Mulase, M 
JOURNAL OF ALGEBRA 494, pp.1-27, JAN 15, 2018 

511 Standard model with a complex scalar singlet: Cosmological implications and theoretical 
considerations 
Chiang, CW; Ramsey-Musolf, MJ; Senaha, E 
PHYSICAL REVIEW D 97(1), 15005, JAN 8, 2018 

512 Holographic entanglement entropy of local quenches in AdS4/CFT3: a finite-element approach 
Jahn, A; Takayanagi, T 
JOURNAL OF PHYSICS A-MATHEMATICAL AND THEORETICAL 51(1), 15401, JAN 5, 2018 

513 FIRST AND SECOND K-GROUPS OF AN ELLIPTIC CURVE OVER A GLOBAL FIELD OF POSITIVE 
CHARACTERISTIC 
Kondo, S; Yasuda, S 
ANNALES DE L INSTITUT FOURIER 68(5), pp.2005-2067, 2018 

514 K-THEORETIC TORSORS FOR INFINITE DIMENSIONAL VECTOR BUNDLES OF LOCALLY 
COMPACT TYPE 
Saito, S 
HOMOLOGY HOMOTOPY AND APPLICATIONS 20(1), pp.1-4, 2018 
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515 Hodge-Tate Conditions for Landau-Ginzburg Models 
Shamoto, Y 
PUBLICATIONS OF THE RESEARCH INSTITUTE FOR MATHEMATICAL SCIENCES 54(3), 
pp.469-515, 2018 

516 Moduli stacks of semistable sheaves and representations of Ext-quivers 
Toda, Y 
GEOMETRY & TOPOLOGY 22(5), pp.3083-3144, 2018 

517 Unfolded Seiberg-Witten Floer spectra I: Definition and invariance 
Khandhawit, T; Lin, JF; Sasahira, H 
GEOMETRY & TOPOLOGY 22(4), pp.2027-2114, 2018 

518 The nature of H alpha-selected galaxies along the large-scale structure at z=0.4 revealed by 
Subaru Hyper Suprime-Cam survey 
Koyama, Y; Hayashi, M; Tanaka, M; Kodama, T; Shimakawa, R; Yamamoto, M; Nakata, F; 
Tanaka, I; Suzuki, TL; Tadaki, K; Nishizawa, AJ; Yabe, K; Toba, Y; Lin, L; Jian, HY; Komiyama, 
Y 
PUBLICATIONS OF THE ASTRONOMICAL SOCIETY OF JAPAN 70, S21, JAN, 2018 

519 Construction of KAGRA: an underground gravitational-wave observatory 
Akutsu, T et al. 
PROGRESS OF THEORETICAL AND EXPERIMENTAL PHYSICS (1), 013F01, JAN, 2018 

 
2. Review articles 
 

412 Enrichment of the Hot Intracluster Medium: Observations 
Mernier, F; Biffi, V; Yamaguchi, H; Medvedev, P; Simionescu, A; Ettori, S; Werner, N; Kaastra, 
JS; de Plaa, J; Gu, L 
SPACE SCIENCE REVIEWS 214(8), UNSP 129, DEC, 2018 

 
3. Proceedings 
4. Other English articles 
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2. Invited Lectures, Plenary Addresses (etc.) at International Conferences and 
International Research Meetings 

- List up to 10 main presentations during FY 2018 in order from most recent. 
- For each, write the lecturer/presenter’s name, presentation title, conference name and date(s) 

 

Date(s) Lecturer/Presenter's 
name Presentation title Conference name 

2018/5/12 Hirosi Ooguri How to Quantize Gravity Feynman Centennial Symposium 

2018/6/11 Gabi Zafrir D-type Conformal Matter and 
SU/USp Quivers 

VIII Workshop on Geometric 
Correspondences of Gauge Theories 

2018/7/4 Serguey Petcov Neutrino Theory (Including 
Leptogenesis) 

International Conference of High   
Energy Physics (ICHEP 2018) 

2018/8/5 Masahiro Takada Cosmology with Subaru Hyper 
Suprime-Cam imaging survey 

Recontres du Vietnam "Windows on 
the Universe" 

2018/8/18 Hiraku Nakajima 3d N=4 QFT and ring objects 
on the affine Grassmannian String-Math 2018 

2018/8/27 Shigeki Matsumoto Dark Matter Search at 
240-250GeV Lepton Colliders COSMO 2018 

2018/9/14 Mikhail Kapranov 
Perverse schobers and 
semi-orthogonal 
decompositions 

Vlkadimir Voevodsky Memorial 
Conference 

2018/9/15 Tom Melia Lovely phase space for good 
vibrations PRL 60th anniversary symposium 

2019/1/25 Khee-Gan Lee 
Lyman-Alpha Forest 
Tomography: Mapping the 
Shadows of the Cosmic Web 
at High Noon 

JSPS San Francisco Office 15th 
Anniversary Symposium 

2019/3/2 Hitoshi Murayama Swampland viewed from 
bottom up Accelerating Universe in the Dark 
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3. Major Awards 
- List up to 10 main awards received during FY 2018 in order from the most recent. 
- For each, write the recipient’s name, the name of award, and the date issued. 
- In case of multiple recipients, underline those affiliated with the center. 

 
Date Recipient's name Name of award 

2018/8/30 Kallol Sen India Top Cited Author Award: Mathematical 
Sciences 

2018/10/24 Ken’ichi Nomoto 2019 Hans A. Bethe Prize 

2018/11/1 Masaki Kashiwara 2018 Kyoto Prize 

2018/11/7 Katsuhiko Sato The Order of the Sacred Treasure,  
Gold and Silver Star 

2018/11/7 Hirosi Ooguri Hamburg Prize for Theoretical Physics 

2018/11/9 Shi Pi JGRG28 Presentation Award 

2018/12/10 Ipsita Saha IPA Rahul Basu Memorial Award 

2019/3/16 Masamune Oguri Hayashi Chushiro Prize 

2019/3/16 

Teppei Okumura, Chiaki Hikage, 
Tomonori Totani, Motonari Tonegawa, 
Hiroyuki Okada, Karl Glazebrook, Chris 
Blake, Pedro G. Ferreira, Surhud More, 
Atsushi Taruya, Shinji Tsujikawa, 
Masayuki Akiyama, Gavin Dalton, 
Tomotsugu Goto, Takashi Ishikawa, 
Fumihide Iwamuro, Takahiko Matsubara,  
Takahiro Nishimichi, Kouji Ohta, Ikkoh 
Shimizu, Ryuichi Takahashi, Naruhisa 
Takato, Naoyuki Tamura, Kiyoto Yabe, 
and Naoki Yoshida 

PASJ Excellent Paper Award 

2019/3/18 Takeshi Saito, Yasuyuki Kawahigashi, 
Toshiyuki Kobayashi MSJ Publication Prize 2019 
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NOTE: 
*Underline names of principal investigators who belong to an overseas research institution.
*In the case of researcher(s) not listed in the latest report or in the proposal for newly selected centers in FY2018, attach a “Biographical Sketch of a New Principal Investigator”(Appendix 2a).

Name Age
Affiliation

(Position title, department, 
organization)

Academic degree,
specialty Effort (%)* Starting date of 

project participation
Status of project participation
(Describe in concrete terms)

Contributions by PIs from overseas 
research institutions

Center director

Hirosi Ooguri 57

Professor
Physics Dept and Mathematics 
Dept, California Institute of 
Technology

Ph.D.
string theory 30 10/1/2007

Stays at Kavli IPMU 6 months a 
year. Joins videoconference 
once a week for the rest of 6 
months.

Invited 1 professor (2days) to 
hold an IPMU Colloquium

Hiroaki Aihara 63

Deputy Director
Kavli IPMU, UTIAS, The Univ. of 
Tokyo
Executive Director and Vice 
President
The University of Tokyo

Ph.D.
high energy 
physics

30 10/1/2007
Stays at Kavli IPMU once a 
month. Joins videoconference 
once a week.

Alexey Bondal 57

Professor
Steklov Mathematical Institute
Project Professor
Kavli IPMU, UTIAS, The Univ. of 
Tokyo

Ph.D.
mathematics 40 10/1/2007

Stays at Kavli IPMU 6 months a 
year. Joins videoconference 
once a week for the rest of 6 
months.

Invited 1 young professor twice 
(2 weeks each) ) to hold 
seminars and invited 1 professor 
twice (1 week each) as a 
workshop speaker.

Kentaro Hori 53

Professor
Kavli Institute for the Physics 
and Mathematics of the 
Universe, UTIAS, The Univ. of 
Tokyo

Ph.D.
High Energy 
Physics, 
Theoretical 
Physics

80 11/1/2008 Stays at Kavli IPMU full time.

Kunio Inoue 53 Director, Professor
RCNS, Tohoku University

Ph.D.
astroparticle 
physics

45 10/1/2007 Stays at Kamioka Branch once a 
week.

Takaaki Kajita 60 Director, Professor
ICRR, The University of Tokyo

Ph.D.
astroparticle 
physics

10 10/1/2007

Stays at Kamioka Branch once a 
month. Usually stays at ICRR 
which is right next to Kavli 
IPMU.

Mikhail Kapranov 56

Professor
Kavli Institute for the Physics 
and Mathematics of the 
Universe, UTIAS, The Univ. of 
Tokyo

PhD. 
Mathematics 100 5/16/2014 Stays at Kavli IPMU full time.

The University of Tokyo -1 Kavli IPMU

Appendix 2   FY 2018 List of Principal Investigators

*Percentage of time that the principal investigator devotes to his/her work for the center vis-à-vis his/her total working hours .

Principal Investigators  Total: 28<Results at the end of FY2018>



Name Age
Affiliation

(Position title, department, 
organization)

Academic degree,
specialty Effort (%)* Starting date of 

project participation
Status of project participation
(Describe in concrete terms)

Contributions by PIs from overseas 
research institutions

Stavros 
Katsanevas 65

Professor, Université Paris Denis 
Diderot
Director, 
laboratory of Astroparticle 
Physics and Cosmology  (APC)
Director,
European Gravitational 
Observatory

Ph.D.
astroparticle 
physics

10 10/1/2007 Stays at Kavli IPMU once a year. Encouraging researches on 
neutrino physics and 
astroparticle physics.

Masahiro 
Kawasaki 58 Professor

ICRR, The University of Tokyo

Ph.D.
particle 
cosmology

40 8/1/2015 Stays at Kavli IPMU twice a 
week.

Young-Kee Kim 56

Louis Block Distinguished 
Service Professor
Dept of Physics, University of 
Chicago
Principal Investigator
Kavli Institute for the Physics 
and Mathematics of the 
Universe, UTIAS, The Univ. of 
Tokyo

Ph.D.
Physics 10 4/1/2017

Stays at Kavli IPMU once a year.
Joins videoconference once a 
week.

Organized an international  
workshop together with Prof. 
Hitoshi Murayama and Prof. Shoji 
Asai.

Toshiyuki 
Kobayashi 56

Professor
Graduate School of 
Mathematical Sciences, The 
Univ. of Tokyo

Ph.D.
mathematics 30 6/1/2011

Stays at Kavli IPMU once a 
month. Joins videoconference 
once a month

Toshitake Kohno 63

Professor
Graduate School of 
Mathematical Sciences, The 
Univ. of Tokyo

Ph.D.
mathematics 40 10/1/2007

Stays at Kavli IPMU once a 
week. Joins videoconference 
once a week.

Eiichiro Komatsu 44

Director
Dept. of Physical Cosmology, 
Max Planck Institute for 
Astrophysics
PI
Kavli Institute for the Physics 
and Mathematics of the 
Universe, UTIAS, The Univ. of 
Tokyo

Ph.D. 20 2/1/2008
Stays at Kavli IPMU once a year.
Joins videoconference once a 
week.

Attended a research project's 
meeting as one of the 
representatives of research 
group and did research 
discussions with the collaborators 
at the Kavli IPMU.

Kai Martens 55

Principal investigator,  Associate 
Professor 
Kavli Institute for the Physics 
and Mathematics of the 
Universe, UTIAS, The Univ. of 
Tokyo

Ph.D.
Experimental 
Neutrino 
Physics, Dark 
Matter Direct 
Detection

80 10/1/2008 Usually stays at Kamioka Branch.

The University of Tokyo -2 Kavli IPMU
*Percentage of time that the principal investigator devotes to his/her work for the center vis-à-vis his/her total working hours .



Name Age
Affiliation

(Position title, department, 
organization)

Academic degree,
specialty Effort (%)* Starting date of 

project participation
Status of project participation
(Describe in concrete terms)

Contributions by PIs from overseas 
research institutions

Shigeki 
Matsumoto 46

Associate Professor
Kavli Institute for the Physics 
and Mathematics of the 
Universe, UTIAS, The Univ.  of 
Tokyo

Ph.D.
Particle Physics 
(Phenomenolog
y)

90 10/1/2010 Stays at Kavli IPMU full time.

Shigetaka 
Moriyama 49

Professor
Kamioka Observatory, Institute 
for Cosmic Ray Research, the 
Univ. of Tokyo

Ph. D
Experimental 
physics 
(Astroparticle 
physics)

20 2/1/2008 Usually stays at Kamioka Branch.

Hitoshi Murayama 55

Director, Project Professor
Kavli IPMU, UTIAS, The Univ. of 
Tokyo
Professor
Physics Dept., University of 
California, Berkeley

Ph.D.
particle theory, 
cosmology

20 10/1/2007

Stays 25% at Kavli IPMU, and 
75% at UC Berkeley of which a 
half of the time at Kavli IPMU 
Berkeley satellite.

Organized two international 
workshops,  invited 3 young 
researchers for 1 week as 
speakers of the Berkeley Week, 
and invited 6 graduate students 
from Spain (4 students for 1 
month and 2 students for 2 
months)

Masayuki 
Nakahata 59 Professor

ICRR, The Univ. of Tokyo

Ph.D.
astroparticle 
physics

40 10/1/2007 Usually stays at Kamioka Branch.

Hiraku Nakajima 57

Professor
Kavli Institute for the Physics 
and Mathematics of the 
Universe,
The University of Tokyo 
Institutes for Advanced Study, 
The University of Tokyo

Ph.D.
Mathematics 35 4/1/2018 Stays at Kavli IPMU full time.

Mihoko Nojiri 56 Professor
KEK

Ph.D.
particle theory 20 10/1/2007 Stays at Kavli IPMU twice a 

week.

Yasunori Nomura 45

Principal Investigator
Kavli Institute for the Physics 
and Mathematics of the 
Universe, UTIAS, The University 
of Tokyo
Director
Berkeley Center for Theoretical 
Physics,  Univ. of California, 
Berkeley
Professor
Dept. of Physics, Univ. of 
California, Berkeley
Senior Faculty Scientist Physics 
Division, Lawrence

Ph. D.
Quantum 
Gravity, 
Cosmology, 
Particle Physics 
Theory

15 1/1/2010

Stays at Kavli IPMU twice a year 
and organizing workshops for 
graduate students and postdocs.
Joins videoconference once a 
week.

Did a public lecture at the "Kavli 
IPMU Public Lecture "Universe X 
World" and organized the 
Berkeley Week at Kavli IPMU.

David Spergel 58
Professor
Dept of Astrophysical Sciences, 
Princeton University

Ph.D.
cosmology 40 10/1/2007

Stays at Kavli IPMU once a year. 
Joins videoconference once a 
week.

Encouraging researches on 
cosmology.

Naoshi Sugiyama 57
Professor
Physics Dept., 
Nagoya University

Ph.D.
cosmology 30 10/1/2007

Stays at Kavli IPMU once a 
month. Joins videoconference 
once a week.

The University of Tokyo -3 Kavli IPMU

*Percentage of time that the principal investigator devotes to his/her work for the center vis-à-vis his/her total working hours .



Name Age
Affiliation

(Position title, department, 
organization)

Academic degree,
specialty Effort (%)* Starting date of 

project participation
Status of project participation
(Describe in concrete terms)

Contributions by PIs from overseas 
research institutions

Masahiro Takada 45 Ph.D.
Astronomy 80 3/1/2008 Stays at Kavli IPMU full time.

Tadayuki 
Takahashi 59

Professor
Kavli Institute for the Physics 
and Mathematics of the 
Universe, UTIAS, The Univ. of 
Tokyo

Ph.D.
Experimental 
Physics

80 4/1/2018 Stays at Kavli IPMU full time.

Yukinobu Toda 39 Ph.D. 
Mathematics 80 1/1/2008 Stays at Kavli IPMU full time.

Mark Robert 
Vagins 53

Ph.D. 

High Energy 
Physics

80 5/16/2008 Stays at Kavli IPMU full time.

Naoki Yoshida 45

PI
Kavli IPMU, UTIAS, The 
University of Tokyo 
Professor
Department of Physics, The 
University of Tokyo
Principal Investigator
Japan Science and Technology 
Agency

Ph.D.
Cosmology 40 4/1/2012 Stays at Kavli IPMU twice a 

week.

The University of Tokyo -4 Kavli IPMU

*Percentage of time that the principal investigator devotes to his/her work for the center vis-à-vis his/her total working hours .

Professor
Kavli Institute for the Physics 
and Mathematics of the 
Universe, 
The University of Tokyo 
Institutes for Advanced Study, 
The University of Tokyo

Professor
Kavli Institute for the Physics 
and Mathematics of the 
Universe, UTIAS, The Univ. of 
Tokyo 

Professor
Kavli Institute for the Physics 
and Mathematics of the 
Universe, UTIAS, The Univ. of 
Tokyo 



Affiliation
(Position title, department, Measures taken

The University of Tokyo -5 Kavli IPMU

Name Starting date of project 
participation Reasons

Principal investigators unable to participate in project in FY 2018
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The University of Tokyo-1 
Kavli IPMU 

Appendix 2a Biographical Sketch of a New Principal Investigator 
(within 3 pages per person) 

Name (Age)  
Hiraku Nakajima (57) 

Affiliation and position    (Position title, department, organization, etc.) 
Professor 
Kavli Institute for the Physics and Mathematics of the Universe, 
The University of Tokyo Institutes for Advanced Study, The University of Tokyo 

Academic degree and specialty 
Ph.D., Mathematics 

Effort     35  % 
* Percentage of time that the principal investigator will devote to working for the center vis-à-vis his/her total
working hours.

Research and education history 
2018 - Present: Professor, Kavli IPMU, The University of Tokyo 
2008 - 2018: Professor, Research Institute for Mathematical Sciences , Kyoto University 
2000 - 2008: Professor, Graduate School of Sciences, Kyoto University 
1997 – 2000: Associate Professor, Graduate School of Sciences, Kyoto University 
1995 – 1997: Associate Professor, Graduate School of Mathematical Sciences, The University of Tokyo 
1992 – 1995: Associate Professor, Department of Sciences, Tohoku University 
1987 – 1982: Assistant Professor, Department of Sciences, The University of Tokyo 
1985 – 1987: M.S., Graduate School of Sciences, The University of Tokyo 
1981 – 1985: B.S., Department of Sciences, The University of Tokyo 

Achievements and highlights of past research activities 
Achievements 
(1) International influence * Describe the kind of attributes listed below.

a) Recipient of international awards
Cole Prize in Algebra, American Mathematical Society, 2003

b) Member of a scholarly academy in a major country
Member of the Mathematical Society of Japan
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c) Guest speaker or chair of related international conference and/or director or honorary chairman of a
major international academic society in the subject field

Plenary speaker, International Congress of Mathematicians 2002, Beijing 
Hardy Lectureship, London Mathematical Society, 2010 
Plenary Speaker, Pacific Rim Mathematical Association, 2017, Oaxaca 
Program Committee, International Congress of Mathematicians, 2018, Rio de Janeiro 

d) Editor of an international academic journal
Japanese Journal of Mathematics
Duke Mathematical Journal
Les Publications Mathématiques de l’IHÉS

e) Peer reviewer for an overseas competitive research program (etc.)

(2) Receipt of major large-scale competitive funds (over the past 5 years)
Grant-in Aid Scientific Research S (FY2016-2020), co-PI: Grant Title New development of 
algebraic geometry viewed from theoretical physics 

(3) Major publications (Titles of major publications, year of publication, journal
name, number of citations) 
Lectures on Hilbert schemes of points on surfaces, 1999, American Mathematical Society, cited 
805 times 
Instantons on ALE spaces, quiver varieties, and Kac-Moody Lie algebras, 1994, Duke Math. J., 
cited 598 times 
Instanton counting on blowup. I. 4-dimensional pure gauge theory, 2005, Invent. Math., cited 
296 times 

(4) Others (Other achievements indicative of the PI’s qualification as a top-world
researcher, if any.)
Preprint: Towards a mathematical definition of Coulomb branches of 3-dimensional N=4 gauge
theories, II, arXiv:1601.03586. Not published yet, but cited already 70 times
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Appendix 2a Biographical Sketch of a New Principal Investigator 
(within 3 pages per person) 

 

Name (Age)   Tadayuki Takahashi (59) 
 

Affiliation and position    (Position title, department, organization, etc.) 
Professor, Kavli Institute for the Physics and Mathematics of the Universe (Kavli IPMU), The 
University of Tokyo Institutes for Advanced Study (UTIAS), The University of Tokyo 
 
Academic degree and specialty  Ph.D., Experimental Physics 
 
Effort    80% 
* Percentage of time that the principal investigator will devote to working for the center vis-à-vis his/her total 
working hours. 

Research and education history 
2018 - present: Professor, Kavli IPMU, UTIAS, The University of Tokyo 
2001 - 2018: Professor, Institute of Space and Astronautical Science (ISAS) 

 2013 - 2014: Director, Department of Space Astronomy and Astrophysics (ISAS) 
 2008 - 2016: PI and Project Manager, ASTRO-H project   
 2007 - 2012: Director for International Strategy and Coordination (ISAS) 
 1995 - 2001: Associate Professor, Institute of Space and Astronautical Science (ISAS) 
 1988 - 1995: Research Associate, Department of Physics, the University of Tokyo 
 1988 - 1988: Research Fellow, Department of Physics, the University of Tokyo 

1986 - 1988: JSPS Research Fellow, Department of Physics, the University of Tokyo 
 1984 - 1987: Ph.D., Department of Physics, the University of Tokyo 
 1982 - 1984: M.S., Department of Physics, the University of Tokyo  
 
Achievements and highlights of past research activities 
(1) Dr. Takahashi performed systematic studies of high energy emission from black holes, jets 

and super nova remnants, which are thought to be a huge particle accelerator in the universe. 
He organized a number of international multi-frequency campaigns to constrain the non-
thermal emission from these sources. He has published 448 papers in refereed journals (as of 
Feb. 2018). In 2014, he was selected as a top 1% researcher in the field of space science by 
Thomson Reuters. In 2016, he was selected as an academician of international academy of 
astronautics. 
(2) In 1998, Dr. Takahashi first demonstrated that a Schottky junction on the surface of CdTe 

dramatically improves the energy resolution of CdTe detectors. The detector becomes fully 
active by applying high bias voltage and even holes generated near the anode face can be 
completely collected. A wide range of technologies have been accomplished in developing CdTe 
radiation detectors, which includes the first CdTe Double Sided Detectors (DSDs) and pixel 
detectors. In total, 57 papers have been published, total citation of these papers reached to 
more than 1500. Number of patents reaches 17.   
(3) Dr. Takahashi has been leading the activity to establish hard X-ray and gamma-ray 

astrophysics in Japan, since 1987. He started a series of balloon experiments and developed a 
large-scale balloon-borne gamma-ray detector based on the technology of particle physics. He 
succeeded to demonstrate the high sensitivity of the detector, much higher than detectors 
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which were used in previous missions. The concept of the detector is adopted in the Hard X-ray 
Detector (HXD) on board Suzaku (X-ray satellite), launched in 2005. A number of papers based 
on the data obtained with HXD have been published from international community. He 
proposed new concepts for Hard X-ray detector and Soft Gamma-ray detector for the ASTRO-H 
satellite, based on the technologies, he has developed. 

Achievements 
(1) International influence * Describe the kind of attributes listed below.

a) Recipient of international awards
2017 IEEE Glenn F. Knoll Radiation Instrumentation Outstanding Achievement Award (NSS)
2013 The Commendation for Science and Technology by the Minister of Education, Culture, Sports,
Science and Technology, Prizes for Science and Technology, Research Category

b) Member of a scholarly academy in a major country
Academician of International Academy of Astronautics
Member of Physical Society of Japan 
Member of Astronomical Society of Japan 
Member of The International Astronomical Union 
 Member of IEEE Nuclear and Plasma Science Society 

c) Guest speaker or chair of related international conference and/or director or honorary chairman of a
major international academic society in the subject field
71 invited talks and key-note talks at the international conferences

d) Editor of an international academic journal
e) Peer reviewer for an overseas competitive research program (etc.)

(2) Receipt of major large-scale competitive funds (over the past 5 years)
Grant-in-Aid for scientific Research on Innovative Area:2018-2022 (Toward new 
frontiers: Encounter and synergy of state-of-the-art astronomical detectors and exotic 
quantum beams, C01: Novel and interdisciplinary application of hard X-ray and gamma-
ray detectors”) 
Grant-in-Aid for Scientific Research (A): 2012-2015 (Study of relativistic phenomena in 
the Sun by focusing hard X-ray rocket experiments), 2016-2019 (New line gamma-ray 
astronomy with an innovative semiconductor Compton camera) 
Grant-in-Aid for Scientific Research on Innovative Areas: 2012-2016 (Expansion of neutron star 
research with X-ray and gamma-ray observations) 
 JST Advanced Measurement and Analysis program (JST-SENTAN Program), 2012-2014 
(Development of highly sensitive gamma-ray imagers with an ultra-wide field of view) 

(3) Major publications (Titles of major publications, year of publication, journal
name, number of citations) 

1. The ASTRO-H X-ray Astronomy Satellite T. Takahashi and 253 co-authors, SPIE, 9144,
2014 (Number of Citations 76)
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2. Detection of the Characteristic Pion-Decay Signature in Supernova Remnants, M.
Ackermann, M., and 168 co-authors including T. Takahashi, Science, 339, 807. 2013
(Number of Citations 321)

3. Study of the Spectral and Temporal Characteristics of X-Ray Emission of the Gamma-
Ray Binary LS 5039 with Suzaku, T. Takahashi, T. Kishishita, Y.  Uchiyama, T. Tanaka,
K. Yamaoka, D. Khangulyan, F.A., Aharonian, V. Bosch-Ramon, J.A.  Hinton, ApJ, 697,
592, 2009 (Number of Citations 54)

4. The Large Area Telescope on the Fermi Gamma-Ray Space Telescope Mission, W.B.
Atwood, W.B. and 239 co-authors including T. Takahashi, ApJ, 697, 1071, 2009
(Number of Citations 1881)

5. Measuring the Broad-Band X-Ray Spectrum from 400 eV to 40 keV in the Southwest
Part of the Supernova Remnant RXJ1713.7-3946, T. Takahashi, and 15 co-authors,
PASJ, 60, S131, 2008 (Number of Citations 38)

6. Extremely fast acceleration of cosmic rays in a supernova remnant, Y. Uchiyama, F.A.
Aharonian, T. Tanaka, T. Takahashi, Y. Maeda, Nature, 449, 576-578, 2007 (Number of
Citations 303)

7. Hard X-Ray Detector (HXD) on Board Suzaku, Takahashi, and 69 co-authors, PASJ, 59,
S35, 2007 (Number of Citations 505)

8. Monte Carlo Simulator and Ancillary Response Generator of Suzaku XRT/XIS System for
Spatially Extended Source Analysis, Y. Ishisaki, and 33 co-authors including T.
Takahashi, PASJ, 59, S113, 2007 (Number of Citations 338)

9. A short γ-ray burst apparently associated with an elliptical galaxy at redshift z = 0.225,
N. Gehrels N., and 76 co-authors including T. Takahashi, Nature, 437, 851, 2005
(Number of Citations 411)

10. Hard X-ray and Gamma-Ray Detectors for the NEXT mission, T. Takahashi, K.
Makishima, Y. Fukazawa, M. Kokubun, K. Nakazawa, M. Nomachi, H. Tajima, M.
Tashiro, Y. Terada, New Astronomy Reviews, 48, 309, 2004 (Number of Citations 37)

11. The Swift Gamma-Ray Burst Mission, N. Gehrels, and 70 co-authors including T.
Takahashi, ApJ, 611, 1005, 2004 (Number of Citations 2171)

12. Recent Progress in CdTe and CdZnTe detectors, T. Takahashi and S. Watanabe, IEEE
Trans. Nucl. Sci., vol. 48, 950, 2001 (Number of Citations 345)

13. ASCA Observations of Blazars and Multiband Analysis, H. Kubo, T. Takahashi, G.
Madejski, M.  Tashiro, F. Makino, S. Inoue, F. Takahara, ApJ 504, 693, 1998 (Number
of Citations 164)

14. High-resolution Schottky CdTe diode for hard X-ray and gamma-ray astronomy, T.
Takahashi, B. Paul, K. Hirose, C. Matsumoto, R. Ohno, T. Ozaki, K. Mori, and Y. Tomita,
Nucl. Instr. Meth. A, 436, 111–119, 1999. (Number of Citations 116)

15. A population of faint galaxies that contribute to the cosmic X-ray background, Y.
Ueda, T. Takahashi, H. Inoue, T. Tsuru, M. Sakano, Y. Ishisaki, Y. Ogasaka, K.
Makishima, T. Yamada, K. Ohta, M.  Akiyama, Nature, 391, 866, 1998 (Number of
Citations 67)

16. ASCA Observation of an X-Ray/TeV Flare from the BL Lacertae Object Markarian 421, T.
Takahashi, M. Tashiro, G. Madejski, H. Kubo, T. Kamae, J. Kataoka, T.  Kii, F. Makino,
K. Makishima, N. Yamasaki, ApJ, 470, L89, 1996 (Number of Citations 214)

(4) Others (Other achievements indicative of the PI’s qualification as a top-world
researcher, if any.)
 Leading the development of the Hard X-ray Detector on board Suzaku 
Leading the ASTRO-H satellite project. 

 Organizing four SPIE conferences (Space Telescopes and Instrumentation: Ultraviolet to 

Gamma Ray) in 2010 (7723), 2012 (8442), 2014 (9114) and 2016 (9905) as a Conference 
Chair. 
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Appendix 3-1  FY 2018 Records of Center Activities 
1. Researchers and center staffs, satellites, partner institutions
1-1. Number of researchers in the “core” established within the host institution

- Regarding the number of researchers at the Center, fill in the table in Appendix 3-1a.

Special mention
- Enter matters warranting special mention, such as concrete plans for achieving the Center’s goals, established schedules for
employing main researchers, particularly principal investigators.

The Kavli IPMU proceeds to increase and rejuvenate PIs in the extension period starting from FY2017.
The lineup of new PIs from FY2017 are K. Hori, K. U. Martens, S. Matsumoto, S. Moriyama, M. Takada,
Y. Toda, M. Vagins, and N. Yoshida, Y. K. Kim, E. Komatsu, Y. Nomura and M. Kapranov. In FY2018, we
added two new PIs: one is Hikaru Nakajima, who is a world-leading mathematician and won numerous
valuable prizes including Cole Prize and JSPS prize. He was attracted from Research Institute for
Mathematical Sciences in Kyoto University. The other is Tadayuki Takahashi, a former professor in JAXA
and leads a fusion research by applying gamma-ray imaging technique to medical research. The
number of PIs has increased to 28.

- As background to how the Center is working on the global circulation of world’s best brains, give good examples, if any, of how career
paths are being established for the Center’s researchers; that is, from which top-world research institutions do researchers come to the
Center and to which research institutions do the Center’s researchers go, and how long are their stays at those institutions.

By the end of FY 2018, we hired 24 postdoctoral researchers including 2 JSPS fellows, and 21 had left
Kavli IPMU. The hired postdocs came from different foreign university/institutes including Stanford
University, Caltech, University of Massachusetts, University of Queensland, Virginia Tech University, U
University of Arizona, Texas A&M, CERN, Imperial College London, University of Trieste, Potsdam
University, University of Groningen, University of Paris, Shanghai Jiao Tong University, INFN Trieste,
Kyoto University, NAOJ and KEK. Out of 21 postdocs who left Kavli IPMU during FY 2018, 8 assumed
faculty positions including a professor position in Nanjing Normal University, an associate professor
positions in Shanghai Jiao Tong University, an associate professor positions in Nagoya University, a
lecturer position in Osaka University, two assistant professor positions in Tsinghua University, an
assistant professor position in University of Tokyo, an assistant professor position in National
Astronomical Observatory of Japan (NAOJ), and 9 moved to another appointment including University
of Parma, Leiden Observatory, Liverpool John Moores University, Max Planck Institute, Mathematical
Science Research Institute, the Open University of Japan, Tohoku University, NAOJ, and KEK.

1-2. Satellites and partner institutions
- List the satellite and partner institutions in the table below.
- Indicate newly added and deleted institutions in the “Notes” column.
- If satellite institutions have been established, describe by satellite the Center’s achievements in coauthored papers and researcher

exchanges in Appendix 4.

<Satellite institutions> 
Institution name Principal Investigator(s), if any Notes 
University of California Berkeley Hitoshi Murayama, 

Yasunori Nomura 

< Partner institutions> 
Institution name Principal Investigator(s), if any Notes 
Institut des Hautes Études 
Scientifiques (IHES) 
Kyoto University, Yukawa 
Institute for Theoretical Physics 
Kyoto University, Department of 
Physics 
High Energy Accelerator Research Mihoko Nojiri 
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Organization (KEK) 
National Astronomical 
Observatory in Japan (NAOJ) 
Princeton University, Department 
of Astrophysical Sciences 

David Spergel 

2. Holding international research meetings
- Indicate the number of international research conferences or symposiums held in FY2018 and give up to three examples of the most

representative ones using the table below.

FY 2018: 21 meetings 
Major examples (meeting titles and places held) Number of participants 

“IGM2018: Revealing Cosmology and Reionization History with 
the Intergalactic Medium”  
Lecture Hall, Kavli IPMU 

From domestic institutions: 36 
From overseas institutions: 74 

“8th Hyper-Kamiokande Proto-Collaboration Meeting” 
Lecture Hall, Kavli IPMU 

From domestic institutions: 49 
From overseas institutions: 53 

“Extremely Big Eyes on the Early Universe” 
Lecture Hall, Kavli IPMU 

From domestic institutions: 34 
From overseas institutions: 52 



Appendix 3-1 

The University of Tokyo -3 
Kavli IPMU 

3. Diagram of management system
- Diagram the center’s management system and its position within the host institution in an easily understood manner.
- If any new changes have been made in the management system from that in the latest “center project” last year, describe them. Especially

describe any important changes made in such as the center director, administrative director, head of host institution, and officer(s) in
charge at the host institution (e.g., executive vice president for research).
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4. Campus Map
- Draw a simple map of the campus showing where the main office and principal investigator(s) are located.
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5. Securing external research funding*
External research funding secured in FY2018

Total: 697,523,831 yen 

- Describe external funding warranting special mention. Include the name and total amount of each grant.
* External research funding includes “KAKENHI,” funding for “commissioned research projects,” and for “joint research projects” as listed

under “Research projects” in Appendix 3-2, Project Expenditures.

・Japan Society for the Promotion of Science (JSPS)
Scientific Research on Innovative Areas “Why does the Universe accelerate? –Exhaustive study and
challenge for the future–”
66,500,000 yen

・Japan Science and Technology Agency (JST)
CREST Project “Statistical Computational Cosmology with Big Astronomical Imaging Data”
39,800,000 yen

・Japan Aerospace Exploration Agency (JAXA)
“Development of polarization modulator for the LiteBIRD project”
14,000,000 yen

・Japan Society for the Promotion of Science (JSPS)
Core-to-Core Program “International Center for Observational Proof of Inflationary Universe”
14,850,000 yen
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1. Researchers and other center staffs, satellites, partner institutions

* Fill in the number of researchers and other center staffs in the table blow.

a) Principal Investigators
（full professors, associate professors or other researchers of comparable standing)

(number of persons)

b) Total members

Number of persons ％ Number of persons ％ Number of persons ％

18 279 213

Overseas
researchers

5 28 136 49 83 39

Female
researchers

0 0 25 9 5 2

18 28 22

Overseas PIs 5 28 7 25 8 36
Female PIs 0 0 2 7 1 5

0 251 191
Overseas

researchers
0 0 129 51 75 39

Female
researchers

0 0 23 9 4 2
0 28 28
3 11 10

21 318 251

The University of Tokyo Kavli IPMU

* Describe the final goals for achieving these numbers and dates when they will be achieved described in the last "center project."

Appendix 3-1a  FY 2018 Records of Center Activities

Researchers

At the beginning of
project At the end of FY2018 Final goal

(Date: 4, 2022)

1-1. Number of researchers and other center staffs

At the beginning of
project At the end of FY 2018 Final goal

(Date: 4, 2022)
Researchers from within the

host institution 10 19 11

Other researchers

Research support staffs
Administrative staffs

Total number of people who
form the "core" of the

research center

28 22

Researchers invited from
abroad

Principal investigators

5 6 8

Researchers invited from
other Japanese institutions 3 3 3

Total principal investigators 18
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1) Overall project funding
* In the “Total costs” column, enter the total amount of funding required to implement the project, without dividing it into funding sources.
* In the “Amount covered by WPI funding” column, enter the amount covered by WPI within the total amount.
* In the “Personnel,” “Project activities,” “Travel,” and “Equipment” blocks, the items of the "Details" culumn may be changed to coincide with the project’s actual content.

(Million yens)

Cost items Total costs Amount covered
by WPI funding 953

Center director and administrative director 62 62
Principal investigators (no. of persons):19 235 5
Other researchers (no. of persons):137 801 376 0
Research support staffs (no. of persons):31 130 108
Administrative staffs (no. of persons):10 82 82

1310 633
Gratuities and honoraria paid to invited principal investigators 17 17

 (no. of persons):7
Cost of dispatching scientists (no. of persons):2 4 4
Research startup cost (no. of persons):74 58 41 Costs of equipment procured 93

Cost of satellite organizations (no. of satellite organizations):1 36 36 Extension to millimeter band of
vector network analyzer 41

Cost of international symposiums (no. of symposiums):15 5 4 (Number of units:1)

Rental fees for facilities 6 6 Inductively coupled plasma -
mass spectrometry (ICP-MS) 15

Cost of consumables 60 36 (Number of units:1)
Cost of utilities 45 28 Others 37
Other costs 263 48

494 220
Domestic travel costs 18 8
Overseas travel costs 54 47
Travel and accommodations cost for invited scientists 41 34

(no. of domestic scientists):65
(no. of overseas scientists):235

Travel cost for scientists on transfer 6 6
(no. of domestic scientists):6
(no. of overseas scientists):15

119 95
Depreciation of buildings 108 0
Depreciation of equipment 227 61

335 61
Project supported by other government subsidies, etc. *1 335 0
KAKENHI 289 0
Commissioned research projects, etc. 65 0
Joint research projects 30 0
Ohers (donations, etc.) 64 0

783 0
3041 1009

The University of Tokyo Kavli IPMU
Appendix 3-2

2) Costs of satellites
(Million yens)

Cost items Total costs Amount covered
by WPI funding

Principal investigators (no. of persons):0
Other researchers (no. of persons):4
Research support staffs (no. of persons):0
Administrative staffs (no. of persons):0

32 32
Project activities 2 2
Travel 2 2
Equipment 0 0
Research projects 0 0

36 36

The University of Tokyo Kavli IPMU

Appendix 3-2    Project Expenditures

Costs (Million yens)

Research projects
(Detail items must be
fixed)

Project activities

Equipment

Personnel

Details
(For Personnel - Equipment please fill in the breakdown of fiscal expenditure,

and the income breakdown for Research projects.)

Subtotal

Subtotal

Subtotal

Subtotal

Subtotal

Travel

Costs of establishing and  maintaining
facilities

Subtotal
Subtotal
Subtotal
Subtotal

Total

WPI grant in FY 2018

32

Subtotal

*1. Funding sources that include government subsidies
(including Enhancements promotion expenses (機能強化

促進経費), National university reform reinforcement
promotion subsidy (国立大学改革強化推進補助金) etc.),
indirect funding, and allocations from the university’s own
resources.
*2 When personnel, travel, equipment (etc.) expenses
are covered by KAKENHI or under commissioned research
projects or joint research projects, the amounts should be
entered in the “Research projects” block.

Details

Total

32Personnel
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Appendix 4  FY 2018 Status of Collaboration with Overseas Satellites 
1. Coauthored Papers
- List the refereed papers published in FY 2018 that were coauthored between the center’s researcher(s) in domestic institution(s) (include

satellite institutions) and overseas satellite institution(s). List them by overseas satellite institution in the below blocks.
- Transcribe data in same format as in Appendix 1. Italicize the names of authors affiliated with overseas satellite institutions.
- For reference write the Appendix 1 item number in parentheses after the item number in the blocks below. Let it free, if the paper is

published in between Jan.-Mar. 2019 and not described in Appendix 1.

Overseas Satellite 1   Berkeley (Total: 35 papers) 

No. Author names and details 

1 Cosmologically viable low-energy supersymmetry breaking 
Hook, A; McGehee, R; Murayama, H 
PHYSICAL REVIEW D 98(11), 115036, DEC 28, 2018 

2 Strongly interacting massive particles through the axion portal 
Hochberg, Y; Kuflik, E; McGehee, R; Murayama, H; Schutz, K 
PHYSICAL REVIEW D 98(11), 115031, DEC 26, 2018 

12 Detecting dark blobs 
Grabowska, DM; Melia, T; Rajendran, S 
PHYSICAL REVIEW D 98(11), 115020, DEC 13, 2018 

18 Do we live in the swampland? 
Murayama, H; Yamazaki, M; Yanagida, TT 
JOURNAL OF HIGH ENERGY PHYSICS (12), 32, DEC 6, 2018 

31 The POLARBEAR-2 and Simons Array Focal Plane Fabrication Status 
Westbrook, B et al. (incl. Westbrook, B; Beckman, S; Chinone, Y; Cukierman, A; Goeckner-
Wald, N;  Groh, J; Hill, CA;  Holzapfel, W;  Jeong, O;  Lee, AT;  Madurowicz, A;  Raum, 
C;  Richards, PL; Suzuki, A;  Tat, R;  Whitehorn, N) 
JOURNAL OF LOW TEMPERATURE PHYSICS 193(5-6), pp.758-770, DEC, 2018 

32 Concept Study of Optical Configurations for High-Frequency Telescope for LiteBIRD 
Hasebe, T et al. (incl. Beckman, S; Chinone, Y; Cukierman, A; Goeckner-Wald, N;  Groh, J; 
Hill, CA; Jeong, O;  Lee, AT;  Madurowicz, A;  Raum, C;  Richards, PL; Seljak U; Suzuki, 
A;  Tat, R; Westbrook, B;  Whitehorn, N) 
JOURNAL OF LOW TEMPERATURE PHYSICS 193(5-6), pp.841-850, DEC, 2018 

33 The LiteBIRD Satellite Mission: Sub-Kelvin Instrument 
Suzuki, A et al. (incl. Beckman, S; Chinone, Y; Cukierman, A; Goeckner-Wald, N;  Groh, J; 
Hill, CA; Jeong, O;  Lee, AT; Richards, PL; Seljak U; Westbrook, B;  Whitehorn, N) 
JOURNAL OF LOW TEMPERATURE PHYSICS 193(5-6), pp.1048-1056, DEC, 2018 

34 Detector and Readout Assembly and Characterization for the Simons Array 
Elleflot, T et al. (incl. Avva, J; Cukierman, A; Groh, J; Holzapfel, W; Lee, AT; Raum, C; Suzuki, 
A; Westbrook, B;  Whitehorn, N) 
JOURNAL OF LOW TEMPERATURE PHYSICS 193(5-6), pp.1094-1102, DEC, 2018 

67 The EBEX Balloon-borne Experiment-Optics, Receiver, and Polarimetry 
Aboobaker, AM et al. (incl. Lee, A; Westbrook, B) 
ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES 239(1), 7, NOV, 2018 

69 A UV resonance line echo from a shell around a hydrogen-poor superluminous supernova 
Lunnan, R et al. (incl. Nugent, PE) 
NATURE ASTRONOMY 2(11), pp.887-895, NOV, 2018 

http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Goeckner-Wald,%20N&dais_id=3150867&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Goeckner-Wald,%20N&dais_id=3150867&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Groh,%20J&dais_id=1212635&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Hill,%20CA&dais_id=3601732&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Holzapfel,%20W&dais_id=62225&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Jeong,%20O&dais_id=2964506&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Lee,%20AT&dais_id=105998&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Madurowicz,%20A&dais_id=29212862&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Raum,%20C&dais_id=3099985&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Raum,%20C&dais_id=3099985&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Richards,%20PL&dais_id=39378&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Suzuki,%20A&dais_id=878685&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Tat,%20R&dais_id=14563754&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Whitehorn,%20N&dais_id=309583&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Goeckner-Wald,%20N&dais_id=3150867&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Groh,%20J&dais_id=1212635&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Hill,%20CA&dais_id=3601732&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Jeong,%20O&dais_id=2964506&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Lee,%20AT&dais_id=105998&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Madurowicz,%20A&dais_id=29212862&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Raum,%20C&dais_id=3099985&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Richards,%20PL&dais_id=39378&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Suzuki,%20A&dais_id=878685&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Suzuki,%20A&dais_id=878685&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Tat,%20R&dais_id=14563754&excludeEventConfig=ExcludeIfFromFullRecPage
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80 Oxygen and helium in stripped-envelope supernovae 
Fremling, C et al. (incl. Clubb, K; Filippenko, AV;  Nugent, PE) 
ASTRONOMY & ASTROPHYSICS 618, A37, OCT 11, 2018 

99 nbodykit: An Open-source, Massively Parallel Toolkit for Large-scale Structure 
Hand, N; Feng, Y; Beutler, F; Li, Y; Modi, C; Seljak, U; Slepian, Z 
ASTRONOMICAL JOURNAL 156(4), 160, OCT, 2018 

140 REVIEW OF PARTICLE PHYSICS Particle Data Group 
Tanabashi, M et al. (incl. Smoot, GF; White, M) 
PHYSICAL REVIEW D 98(3), 30001, AUG 17, 2018 

168 QCD axion dark matter from long-lived domain walls during matter domination 
Harigaya, K; Kawasaki, M 
PHYSICS LETTERS B 782, pp.1-5, JUL 10, 2018 

173 Pulling the boundary into the bulk 
Nomura, Y; Rath, P; Salzetta, N 
PHYSICAL REVIEW D 98(2), 26010, JUL 6, 2018 

203 Large leptonic Dirac CP phase from broken democracy with random perturbations 
Ge, SF; Kusenko, A; Yanagida, TT 
PHYSICS LETTERS B 781, pp.699-705, JUN 10, 2018 

207 The Data Release of the Sloan Digital Sky Survey-II Supernova Survey 
Sako, M et al. (incl. Fillippenko, AV) 
PUBLICATIONS OF THE ASTRONOMICAL SOCIETY OF THE PACIFIC 130(988), 64002, JUN, 
2018 

214 Observed Type II supernova colours from the Carnegie Supernova Project-I 
de Jaeger, T; Anderson, JP; Galbany, L; Gonzalez-Gaitan, S; Hamuy, M; Phillips, MM; 
Stritzinger, MD; Contreras, C; Folatelli, G; Gutierrez, CP; Hsiao, EY; Morrell, N; Suntzeff, NB; 
Dessart, L; Filippenko, AV 
MONTHLY NOTICES OF THE ROYAL ASTRONOMICAL SOCIETY 476(4), pp.4592-4616, JUN, 
2018 

223 Classical spacetimes as amplified information in holographic quantum theories 
Nomura, Y; Rath, P; Salzetta, N 
PHYSICAL REVIEW D 97(10), 106025, MAY 31, 2018 

237 Spacetime from unentanglement 
Nomura, Y; Rath, P; Salzetta, N 
PHYSICAL REVIEW D 97(10), 106010, MAY 16, 2018 

238 Tensor modes in pure natural inflation 
Nomura, Y; Yamazaki, M 
PHYSICS LETTERS B 780, pp.106-110, MAY 10, 2018 

255 Dark Matter under the Microscope: Constraining Compact Dark Matter with Caustic Crossing 
Events 
Diego, JM; Kaiser, N; Broadhurst, T; Kelly, PL; Rodney, S; Morishita, T; Oguri, M; Ross, TW; 
Zitrin, A; Jauzac, M; Richard, J; Williams, L; Vega-Ferrero, J; Frye, B; Filippenko, AV 
ASTROPHYSICAL JOURNAL 857(1), 25, APR 10, 2018 

266 Two peculiar fast transients in a strongly lensed host galaxy 
Rodney, SA et al. (incl. Filippenko, AV; Kelly, PL) 
NATURE ASTRONOMY 2(4), pp.324-333, APR, 2018 

http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Filippenko,%20AV&dais_id=5096&excludeEventConfig=ExcludeIfFromFullRecPage
http://apps.webofknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&colName=WOS&SID=F5Ft7pNZgqnYwMhmEkF&author_name=Nugent,%20PE&dais_id=989877&excludeEventConfig=ExcludeIfFromFullRecPage
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267 Extreme magnification of an individual star at redshift 1.5 by a galaxy-cluster lens 
Kelly, PL et al. (incl. Kelly, PL; Ross, TW; Filippenko, AV; Zheng, WK) 
NATURE ASTRONOMY 2(4), pp.334-342, APR, 2018 

410 A Large-Diameter Cryogenic Rotation Stage for Half-Wave Plate Polarization Modulation on the 
POLARBEAR-2 Experiment 
Hill, CA; Kusaka, A; Barton, P; Bixler, B; Droster, AG; Flament, M; Ganjam, S; Jadbabaie, A; 
Jeong, O; Lee, AT; Madurowicz, A; Matsuda, FT; Matsumura, T; Rutkowski, A; Sakurai, Y; 
Sponseller, DR; Suzuki, A; Tat, R 
JOURNAL OF LOW TEMPERATURE PHYSICS 193(5-6), pp.851-859, DEC, 2018 

431 The Discovery of a Gravitationally Lensed Supernova Ia at Redshift 2.22 
Rubin, D et al. (incl. Hayden, B; Boone, K; Dixon, S; Luther, K; Perlmutter, S; Saunders, CM; 
Sofiatti, C) 
ASTROPHYSICAL JOURNAL 866(1), 65, OCT 10, 2018 

438 The delay of shock breakout due to circumstellar material evident in most type II supernovae 
Forster, F et al. (incl. de Jaeger, T; Huentelemu, P) 
NATURE ASTRONOMY 2(10), pp.808-818, OCT, 2018 

454 First Data Release of the COSMOS Ly alpha Mapping and Tomography Observations: 3D Ly 
alpha Forest Tomography at 2.05 < z < 2.55 
Lee, KG et al. (incl. Krolewski, A; White, M; Nugent PE; Pan, R) 
ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES 237(2), 31, AUG, 2018 

455 Correcting for peculiar velocities of Type la supernovae in clusters of galaxies 
Leget, PF et al. (incl. Boone, K; Fagrelius, P; Perlmutter, S; Sofiatti, C) 
ASTRONOMY & ASTROPHYSICS 615, A162, AUG 1, 2018 

456 Subaru/HiCIAO HKs Imaging of LKHa 330: Multi-band Detection of the Gap and Spiral-like 
Structures 
Uyama, T et al. (incl. Fung, J) 
ASTRONOMICAL JOURNAL 156(2), 63, AUG, 2018 

474 Understanding type Ia supernovae through their U-band spectra 
Nordin, J et al. (incl. Boone, K; Fagrelius, P) 
ASTRONOMY & ASTROPHYSICS 614, A71, JUN 15, 2018 

Outer entropy and quasilocal energy 
Bousso, R; Nomura, Y; Remmen, GN 
PHYSICAL REVIEW D 99(4), 046002, FEB 6, 2019 

The Simons Observatory: science goals and forecasts 
Ade, P et al. (incl. Ali, A; Alvarez, MA; Ashton, P; Barron, D; Beckman, S; Borrill, J; Chinone, 
Y; Cukierman, A; de Haan, T; Groh, J; Jeong, O; Keshitalo, R; Kisner, T; Lee, A; Linder, E; 
Raum, C; Seljak, U; Westbrook, B; Yu, B)  
JOURNAL OF COSMOLOGY AND ASTROPARTICLE PHYSICS 2019(2), 56, FEB, 2019 
Disconnected covariance of 2-point functions in large-scale structure 
Li, Y; Singh, S; Yu, B; Feng, Y; Seljak, U 
JOURNAL OF COSMOLOGY AND ASTROPARTICLE PHYSICS 2019(1), 16, JAN, 2019 

Measurements of Tropospheric Ice Clouds with a Ground-based CMB Polarization Experiment, 
POLARBEAR 
Takakura, S et al. (incl. Cheung, K; Chinone, Y; Goeckner-Wald, N; Lee, AT) 
ASTROPHYSICAL JOURNAL 870(2), 102, JAN 10, 2019 
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2. Status of Researcher Exchanges
- Using the below tables, indicate the number and length of researcher exchanges in FY 2018. Enter by institution and length of

exchange.
- Write the number of principal investigator visits in the top of each space and the number of other researchers in the bottom.

Overseas Satellite 1: 

<To satellite> 

Under 1 week From 1 week 
to 1 month 

From 1 month 
 to 3 months 

3 months 
or longer Total 

FY2018 
2 4 0 0 6 

3 5 0 0 8 

<From satellite> 

Under 1 week From 1 week 
to 1 month 

From 1 month 
to 3 months 

3 months 
or longer Total 

FY2018 
4 4 3 0 11 

9 5 0 0 14 
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nter, provide information on them in the below table.

Total:  632
*The major 21 of 632 visitors from abroad are listed below.

Name Age
Affiliation

(Position title, department,
organization)

Academic
degree, specialty

Record of research activities
(Awards record, etc.) Time, duration

Summary of activities
during stay at center

(e.g., participation as principal investigator; short-term
stay for joint research; participation in symposium)

1 Shrinivas R.
Kulkarni 62

Ellery Hale Professor
of Astronomy,
Caltech

Ph.D.
(Astronomy)

Dan David Prize (2017)
Member, National Academy of Sciences (2003)
Fellow, Royal Society, London (2001)
Fellow, American Academy of Arts and Sciences (1994)
NSF Alan T. Waterman Prize (1992)
Helen B. Warner Prize, American Astronomical Society
(1991)

2019/1/24-
2019/1/25 Colloquium speaker

2 Chris Lintott

Professor of
Astrophysics,
Dept. of Physics,
The Univ. of Oxford

 Ph.D.
(Astrophysics)

Beatrice M. Tinsley Prize (2014)
Fellow of the Royal Astronomical Society (2013)
Oxford Internet Institute Internet and Society Award (2013)
Royal Society Kohn Award (2011)

2019/1/13-
2019/1/23 Colloquium speaker

3 J. Richard Bond 69

Senior Fellow
Gravity & the Extreme
Universe,
Univ. of Toronto,
Canadian Inst. for
Theoretical
Astrophysics (CITA)

Ph.D.(Theoretica
l Physics)

Queen Elizabeth II Diamond Jubilee Medal (2012)
Canadian Association of Physicists Medal for Lifetime
Achievement (2010)
Tory Medal of the Canadian Royal Society (2009)
Herzberg Gold Medal for Science and Engineering (2006)
Beals Prize of the Canadian Astronomical Society, 1995

2018/11/28 Colloquium speaker

4 Piero Madau

Distinguished
Professor,
Dept. of  Astronomy &
Astrophysics
UC Santa Cruz

Ph.D.(Astrophysi
cs)

Dannie Heineman Prize for Astrophysics, American Institute
of Physics and American Astronomical Society (2014)
Innovative and Novel Computational Impact on Theory and
Experiment (INCITE) DOE Award (2009)
Humboldt Prize, Alexander von Humboldt Foundation
(2005)
AURA Science Award (1994)

2018/9/17-
2018/9/27 Colloquium speaker

Kavli IPMU
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Name Age
Affiliation

(Position title, department,
organization)

Academic
degree, specialty

Record of research activities
(Awards record, etc.) Time, duration

Summary of activities
during stay at center

(e.g., participation as principal investigator; short-term
stay for joint research; participation in symposium)

5 John O'Meara
Professor of Physics,
Dept. of Physics,
Saint Michael’s College

Ph.D. (Physics)

Appointed member to the Large Ultraviolet Visible Optical
Infrared (LUVOIR) Surveyor Science and Technology
Definition Team by NASA  (2016)
Membership of the Vermont Academy of Science and
Engineering, (2015)
Faculty Scholarship Award, Saint Michael’s College (2014)

2018/5/31-
2018/6/7 Colloquium speaker

6 Michael E.
Brown

Richard and Barbara
Rosenberg Professor
of Planetary
Astronomy,
Division of Geological
and Planetary
Sciences,
Caltech

Ph. D.
(Astronomy)

Elected to the National Academy of Science (2014)
Kavli Prize in Astrophysics (2012)
Aaronson Memorial Lecturer, University of Arizona (2008)
Richard P. Feynman Teaching Award (2007)
Time Magazine 100 Most Influential People (2006)
Urey Prize, Division of Planetary Sciences of the American
Astronomical Society (2001)
Hubble Postdoctoral Fellowship (1994)

2018/4/10-
2018/4/11 Colloquium speaker

7 Bryan  Webber 75
Emeritus Professor,
Dept. of Physics,
Univ. of Cambridge

Ph.D.
(Experimental
Particle Physics)

Institute of Physics Dirac Medal for Theoretical Physics
(2008)
American Physical Society J.J.Sakurai Prize for Theoretical
Particle Physics (2012)

2018/9/15-
2018/10/10 Short term stay for joint research

8 Marika Taylor 45
Professor of
Theoretical Physics,
Univ. of Southampton

Ph.D. Fellow of the Royal Netherlands Academy of Arts and
Sciences (2018)
Minerva Prize (2008)

2019/1/5-
2019/1/20 Short term stay for joint research

Kavli IPMU
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Name Age
Affiliation

(Position title, department,
organization)

Academic
degree, specialty

Record of research activities
(Awards record, etc.) Time, duration

Summary of activities
during stay at center

(e.g., participation as principal investigator; short-term
stay for joint research; participation in symposium)

9 Konstantin
Batygi

Assistant Professor,
Division of Geological
& Planetary Sciences,
Caltech

Ph.D. (Planetary
Science)

Garfinkel Memorial Lectureship (Yale) (2017)
AAS WWT Prize in research (2016)
Popular Science Brilliant 10 (2016)
Forbes 30 Under 30: Science (2015)
Harvard ITC Prize Fellowship (2012)

2018/4/9-
2018/4/13 Seminar Speaker

10 Michel  Gonin
Director,
Laboratoire Leprince-
Ringuet

Ph.D. de chevalier de la Légion d’honneur (2017) 2018/9/9-
2018/9/13

Participation in the 7th Hyper-
Kamiokande Proto-Collaboration
Meeting

11 Petr Horava
Professor,
Dept. of Physics,
UC Berkeley

Ph.D.
Neuron Award for Contribution to Science (2015)
Robert McCormick Research Fellowship
Sherman Fairchild Senior Research Fellowship

2018/4/2-
2018/4/6 Workshop Speaker

12 Xiaoliang Qi Professor of Physics,
Stanford Univ. Ph.D.

Simons Investigator, Simons Foundation (2018)
The New Horizons in Physics Prize, The Breakthrough Prize
Foundation (2015)
Sackler International Prize, Physics, Raymond and Beverly
Sackler, Tel Aviv University (2014)
Hermann Kummel Early Achievement Award, in Many-Body
Physics, International Conference Advisory Committee
(2011)

2018/4/2-
2018/4/6 Workshop Speaker

13 Gabriele
Veneziano 76 Distinguished

Researcher,
CERN

Ph.D.

Felice Pietro Chisesi and Caterina Tomassoni Prize (2009)
James Joyce Award, University College Dublin (2009)
Commendatore al merito della Repubblica Italiana (2007)
Oskar Klein Medal (2007)
Albert Einstein Medal, Albert Einstein Institute, Bern,
Switzerland (2006)
Enrico Fermi Prize from the Italian Physical Society (2005)
Dannie Heineman Prize for Mathematical Physics, from the
American Physical Society (2004)
Gold medal della Repubblica Italiana come Benemerito della
Cultura (2000)
Pomeranchuk Prize (1999)

2018/7/9-
2018/7/13 Seminar speaker

Kavli IPMU
The University of Tokyo -3
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Name Age
Affiliation

(Position title, department,
organization)

Academic
degree, specialty

Record of research activities
(Awards record, etc.) Time, duration

Summary of activities
during stay at center

(e.g., participation as principal investigator; short-term
stay for joint research; participation in symposium)

14 Jordi Miralda
Escudé 54

ICREA Professor of
Astrophysics,
Univ. of Barcelona

Ph.D.
(Astrophysics)

Alfred P. Sloan Research Fellow (1997-2001)
Hubble Fellowship (1993 (declined))
Princeton University Harold W. Dodds Fellowship (1990-91)
Princeton University Prize Fellowship (1987-88)

2018/9/10-
2018/9/28

Seminar speaker and hort term stay for
joint research

15 Dennis Gaitsgory 46
Professor,
Dept. of Mathematics,
Harvard Univ.

Ph.D. Chevalley Prize (2018)
EMS Prize (2000)

2018/7/17-
2018/7/22 Workshop Speaker

16 Sergei  Gukov 41

Professor,
The Division of
Physics,
Mathematics and
Astronomy, Caltech

Ph.D. (Physics)

Sloan Research Fellowship in Science & Technology (2007)
Clay Mathematics Institute Long Term Prize Fellowship
(2001-2006)
Pomeranchuk Award for Young Scientists (2000)
1st Prize, USSR Physics Olympiad & Moscow Mathematics
Olympiad (1992)

2018/7/17-
2018/7/18 Workshop Speaker

17 Michael Hudson

Professor,
Dept. of Physics and
Astronomy,
Univ. of Waterloo

Ph.D. (Physics)

2005: Outstanding Performance Award, University of
Waterloo (2005)
2003: Premier's Research Excellence Award (2003)
2002: CITA Senior Fellowship (2003)

2018/7/3 Special Seminar Speaker

18 Karl Jakobs 60

Professor of
Experimental Particle
Physics,
The Univ. of Freiburg

Ph.D. (Physics) Stern–Gerlach Medal (2015) 2018/6/18 Workshop Speaker

Kavli IPMU
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Name Age
Affiliation

(Position title, department,
organization)

Academic
degree, specialty

Record of research activities
(Awards record, etc.) Time, duration

Summary of activities
during stay at center

(e.g., participation as principal investigator; short-term
stay for joint research; participation in symposium)

19 Jared Kaplan

Associate Professor,
Dept. of Physics &
Astronomy,
Johns Hopkins Univ.

Ph.D. (Physics)

Simons Collaboration on the Non-Perturbative Bootstrap
(2016-2020)
NSF CAREER Grant (2015-2020)
Johns Hopkins Catalyst Award (2016-2017)
Alfred P. Sloan Research Fellow (2014-2016)
Kavli Fellow (Frontiers of Science) (2016)

2018/4/1-
2018/4/7 Workshop Speaker

20 Robert Lupton

Senior Research
Astronomer,
Dept. of Astrophysical
Sciences,
Princeton Univ.

Ph.D. Muhlman Prize of ASP 2005 2018/4/9-
2018/4/13 Short term stay for joint research

21 Maria  Dainotti Assistant Professor、
Jagellonian Univ. Ph.D.

Knighthood of the Italian Republic (2013)
Fulbright award (2013)
Blanceflor-Ludovisi award  (2012)

2019/2/19 Workshop Speaker

Kavli IPMU

The University of Tokyo -5
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Appendix 6 FY2018 State of Outreach Activities 
* Fill in the numbers of activities and times held during FY2018 by each activity.
* Describe the outreach activities in the “6. Others” of Progress Report, including those stated below that warrant special

mention.

Activities FY2018 (number of activities, times held) 

PR brochure, pamphlet 17 

Lectures, seminars for general public 53 

Teaching, experiments, training for 
elementary, secondary and high 

school students 
11 

Science café 4 

Open houses 1 

Participating, exhibiting in events 3 

Press releases 21 

Publications of the popular science 
books 1 

Others（Lectures for general 
undergraduate/graduate students） 6 

Others（Lectures for researchers in 
different field） 2 

Others（Lectures for designated non-
researchers） 5 

Others（Articles in popular science 
journals） 2 

*If there are any rows on activities the center didn’t implement, delete that (those) row(s). If you have any activities
other than the items stated above, fill in the space between parentheses after “Others” on the bottom with the name
of those activities and state the numbers of activities and times held in the space on the right. A row of “Others” can
be added, if needed.

IPMU researchers delivered many public lectures listed above at different places including foreign countries 
such as Embassy of Japan in Berlin (Germany), part-time Japanese schools in Munich (Germany), National 
Tsing Hua University (Taiwan), Palo Alto (USA), UC Berkeley (USA), Stanford University (USA), Nehru 
Planetarium in Mumbai (India), John Jay College (USA), the Beijer Hall, the Royal Swedish Academy of 
Sciences (Sweden).  

Social Network Service (SNS) Usage 
・ Facebook

 Kavli IPMU (account name: KavliIpmu): www.facebook.com/KavliIpmu (since September 2009)
A total of 70 Facebook posts were published on the Kavli IPMU page. All posts received more than
1000 likes.
The most popular post was about Principal Investigator Hitoshi Murayama’s new title University
Professor, assigned by the University of Tokyo. The post was published on 27 March, 2019, and
received 294 likes.
The post that had the furthest reach to readers was about “Meet the Scientists!”, a Kavli IPMU-
hosted event from 4 December. The post was published on 26 November, 2018, and reached 8874
readers.

http://www.facebook.com/KavliIpmu
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・ Twitter
 Hirosi Ooguri (account name: PlanckScale), since September 2009
 Hitoshi Murayama (account name: sleptogenesis), since January 2010

・ Blogs
 Hirosi Ooguri: http://planck.exblog.jp/ (since January 2009)

Publications: Books for general public 
Researchers from the Kavli Institute for the Physics and Mathematics of the Universe have published 
several books. 

・Books published in 2018
“The world’s simplest story about the Universe: Uncovering the mystery of massive black holes!

(地球一やさしい宇宙の話: 巨大ブラックホールの謎に挑む!)” by Naoki Yoshida 
Published in December 2018, Shogakukan Inc. 

・Other best sellers
“What is the Universe Made Of? (宇宙は何でできているのか)” by Hitoshi Murayama

Published September 2010, Gentosha Inc. 
331,000 copies published 

“What is Gravity? (重力とは何か？)” by Hirosi Ooguri 
Published May 2012, Gentosha Inc., 
149,000 copies published 

“Is There Really Only One Universe (宇宙は本当にひとつなのか)” by Hitoshi Murayama 
Published July 2011, Kodansha Inc. 
112,300 copies published 

“Why Do We Exist (宇宙になぜ我々が存在するのか)” by Hitoshi Murayama 
Published January 2013, Kodansha Inc., 
71,300 copies published 

“Introduction to Superstring Theory (大栗先生の超弦理論入門 九次元世界にあった究極の理論)”* 
by Hirosi Ooguri 
Published August 2013, Kodansha Inc., 
45,000 copies published 
* This book received the 30th Kodansha Science Publication Award in September 2014.

“How is the Universe this Complete (宇宙はなぜこんなにうまくできているのか)” by Hitoshi Murayama 
Published January 2012, Shueisha Inc. 
29,000 copies published 

“Strong Forces and Weak Forces: Unlocking the Magic that the Higgs Particle has Cast on the Universe 
(強い力と弱い力～ヒッグス粒子が宇宙にかけた魔法を解く～)” by Hirosi Ooguri 
Published January 2013, Gentosha Inc.,  
23,000 copies published 

“The World As Seen In The Language of Mathematics (数学の言葉で世界を見たら 父から娘に贈る 
数学)” by Hirosi Ooguri 
Published on March 2015, Gentosha Inc. 
15,500 copies published 
* This book was translated into Mandarin (simplified Chinese characters) in May 2017, Korean in
June 2017, and Mandarin (traditional Chinese characters) in September 2017.

“The Experiment that Made the Universe (宇宙を創る実験)” by Hitoshi Murayama 
Published on December 2014, Shueisha Inc. 
15,000 copies published  

“The Search for Truth (真理の探究 仏教と宇宙物理学の対話)” by Hirosi Ooguri and Shizuka Sasaki 
Published in November 2016, Gentosha Inc. 
11,000 copies published  

http://planck.exblog.jp/
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Date

Types of Media
(e.g., newspaper, magazine,

television)
Description

1 19/04/2018 NHK BS Premium (TV)
Cosmic Front NEXT special "Hitoshi Murayama's Great Adventure in the Universe"
* This program featured Principal Investigator Hitoshi Murayama

2 25/04/2018 Nikkei Science (magazine)
"Special: Remembering Stephen Hawking and his Legacy"
* This article featured articles by Director Hirosi Ooguri and interviews with Principal Investigator Hitoshi Murayama

3 27/04/2018 Nikkei Shimbun (newspaper)
"Science Agora: Nagoya University Associate Professor Yukari Ito talks about the spark between mathematics and physics"
* This article featured an interview with Professor Yukari Ito

4 06/05/2018
Tokyo Shimbun (newspaper,

online)
"Space telescope technology will help medical researchers study cancer stem cells in world first"
* This article featured the research activities of Principal Investigator Tadayuki Takahashi's project

5 24/05/2018,
25/05/2018

PASADENA NOW, Scienmag,
Presse Box etc. (online)

"Caltech String Theorist Wins Hamburg Prize", "Hirosi Ooguri has been awarded the 2018 Hamburg Prize for Theoretical
Physics"
* These articles mentioned Director Hirosi Ooguri's achievement in receiving the Hamburg Prize. Also published on Kavli

6 26/05/2018 Newton (magazine)
"Scientists discover galaxy almost empty of dark matter"
* Principal Investigator Masahiro Takada commented on the Nature paper published on March 28, 2018, which reported the
discovery of galaxy NGC1052-DF2, a galaxy with very little dark matter.

7 02/07/2018 Sankei Shimbun (newspaper)
"Citizen science takes off as ordinary people engage at the forefront of research"
* This articles included comments from Project Researcher Yuko Ikkatai

8 15/07/2018 NHK-BS1 (TV)
"BS1 Special: Philosophy in the Age of Desire - Markus Gabriel in Japan"
* This program featured Kavli IPMU invited speaker and philosopher Markus Gabriel, who spoke at Kavli IPMU public lecture
event "Universe X World" at Tokyo's Miraikan.

9 08/08/2018
Nikkei Sangyo Shimbun

(newspaper)
"Start Up Innovation Science = Using Space Imaging technology to discover cancer"
* This article featured an interview with Principal Investigator Tadayuki Takahashi

10 30/08/2018 NHK-BS Premium (TV)
Cosmic Front NEXT "Using the newest observational data to uncover dark matter"
* This article introduced research using the Hyper Suprime-Cam, and featured interviews with Principal Investigator Masahiro
Takada, Associate Scientist Masamune Oguri, and Visiting Associate Scientist Hironao Miyatake

11 25/09/20018 Gendai Shiso (magazine)
"Yasunori Nomura and Markus Gabriel in Universe X World"
* This article published the talks from June 10, 2018, Kavli IPMU public event "Universe X World", including Principal
Investigator Yasunori Nomura and philosopher and Professor Markus Gabriel

12 26/09/2018,
27/09/2018

Science Daily, SciTech Europa,
Health Medicine Network,

International Business Times
etc. (online)

"Hyper Suprime-Cam survey maps dark matter in the universe"
* These articles featured research results from "Hyper Suprime-Cam Survey reveals detailed dark matter map of the
universe", published on September 26, 2018, featuring Project Associate Professor Chiaki Hikage

13
15/10/2018,
16/10/2018,
19/10,2018

Asahi Shimbun, Nikkei
Shimbun, Chunichi Shimbun,
Yahoo! News, 47NEWS, MSN

Japan etc. (newspaper, online)

"Ooguri becomes University of Tokyo Kavli IPMU Director", "Kavli IPMU welcomes Hirosi Ooguri as second director"
* These articles featured news about the change in directorship at the Kavli IPMU

14 06/11/2018
Asahi Shimbun (newspaper,

online)
"Tell me more: How University of Tokyo Kavli IPMU Professor Hitoshi Murayama built an international research institute"
* This article featured Kavli IPMU founding director Hitoshi Murayama and his activities as the first head of the institute

15 01/12/2018 Suiri Kagaku (magazine)
"The dawn of gravitational waves, physics, and cosmology"
* This article was written by Deputy Director Misao Sasaki

16 25/12/2018 Nikkei Science (magazine)
"University of Tokyo Kavli IPMU changes director for first time from Hitoshi Murayama to Hirosi Ooguri"
* These articles featured news about the directorship change at Kavli IPMU

17 01/12/2018 Monaca (online)
"Amateur smartphone app makers develop app in 2 months to help researchers at work find their way around"
* This article featured work led by Kavli IPMU staff members Rieko Tamura and Satoko Inoshita in developing an app to help
the institute's researchers and visitors

18 29/12/2018,
30/12/2018

Nikkei Shimbun (newspaper,
online)

"Scientists find Universe will stay alive for another 140 billion years"
* This story featured Project Associate Professor Chiaki Hikage, and research results from "Hyper Suprime-Cam Survey
reveals detailed dark matter map of the universe", published on September 26, 2018. Also featured comments by Principal
Investigator Hitoshi Murayama.

19 09/01/2019,
10/01/2019

NHK General, NHK Educational
TV (TV)

"The Future of Japan Built Upon Fundamental Learning"
* This program featured Principal Investigator Hitoshi Murayama

20 25/01/2019 Nikkei Science (magazine)
"Kavli IPMU's Nomoto awarded Hans A. Bethe Prize"
* This article featured news from "American Physical Society’s 2019 Hans A. Bethe Prize goes to Ken’ichi Nomoto", published
on October 24, 2018.

21 20/02/2019 NHK-BS1 (TV)
NHK Documentary Last Lecture "Physicist Hitoshi Murayama"
* This program featured Principal Investigator Hitoshi Murayama

22 27/02/2019 Nature News (online)
"Gigantic Japanese detector prepares to catch neutrinos from supernovae"
* This article featured Principal Investigator Mark Vagins, and his team's work on the SK-Gd project

23 27/02/2019,
28/02/2019

Phys.org, astronews, Science
Daily etc. (online)

"Dark matter may be hitting the right note in small galaxies"
* These articles featured research results from "Dark Matter May be Hitting the Right Note in Small Galaxies", published on
February 27, 2019

24
03/03/2019,
15/03/2019,
24/03/2019

Nikkei Shimbun, Nikkan Kogyo
Shimbun (newspaper)

WIRED SCIENCE, Yahoo! News
(online)

"New Dark Matter theory announced by team including University of Tokyo"
* These articles featured research results from "Dark Matter May be Hitting the Right Note in Small Galaxies", published on
February 27, 2019

25 04/03/2019 Asian Scientist (online)
"2019 Edition Of Asian Scientist 100 Announced"
* This article mentions Director Hirosi Ooguri as one of the top100  scientists in Asia

26 12/03/2019 EL PAÍS (online)
"Comienza la caza de partículas fantasma para detectar las supernovas invisibles"
* This article was written by Spanish daily newspaper El Pais reporter Bruno Martin, who visited Kavli IPMU in 2018 as part of
a residency exchange. Martin interviewed Principal Investigator Mark Vagins.

27 20/03/2019 Bijutsu Techo (online)
* This article featured Kavli IPMU Artist in Residence participant Norimichi Hirakawa, whose work "datum" was awarded the
Excellence Award in the Art Division at the Japan Media Arts Festival.

28 22/03/2019 Nikkei Shimbun (newspaper) This article included comments by Director Hirosi Ooguri, who was on the judging panel for the Hoshi Award

29 25/03/2019 Nikkei Science (magazine)
"What new developments in super string theory mean to dark energy studies"
* This article featured work by Director Hirosi Ooguri and Cumrun Vafa, whose paper on swampland ignited new debates
about dark energy research. It also included comments by Principal Investigator Hitoshi Murayama.

30 29/03/2019
Nikkan Kogyo Shimbun

(newspaper)
"University of Tokyo names Engineering School Professor Fujita as Takuetsu Professor"
* This article mentioned Principal Investigator Hitoshi Murayama's new title of University Professor

Kavli IPMU
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Appendix 7  FY 2018 List of Project’s Media Coverage
* List and describe media coverage (e.g., articles published, programs aired) in FY2018 resulting from press releases and getting reported.
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