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External Review 2025 (ER2025) Report

Publication of the ICRR External Review 2025 (ER2025) Report

The Institute for Cosmic Ray Research (ICRR), the University of Tokyo, conducted the
International External Review (ER2025) from May 14 to 16, 2025, at the ICRR on the Kashiwa
Campus. The review was carried out by the External Review Committee (ERC), consisting of nine
distinguished experts from outside the Institute, both from Japan and abroad. We are pleased to
report that the results of ER2025 have now been compiled.

ER2025 focused on the period from April 2018 to March 2024, with the following four principal
objectives:

(1) To examine whether the Institute’s scientific activities met international standards and had
sufficient impact on the academic community.

(2) To assess the scientific merits of individual research activities and to make recommendations
for future support.

(3) To evaluate the technical competence of the principal investigators and the feasibility of their
R&D experiments or projects.

(4) To assess the Institute’s policy and its role in the scientific community.

The review was based on the self-assessment report prepared in advance by the Institute, as
well as presentations and discussions held during the review period. The ERC’s findings and
recommendations on each of the above objectives are summarized in the report.

ICRR takes the valuable comments and recommendations from the ERC with the utmost
seriousness. Building on the summary of our activities over the past six years, we will make use
of this review to further advance our research, education, and management, while continuing our
efforts to contribute to the progress of cosmic ray physics, the University, the broader academic
community, and society at large.

October 2025

Shoichi Ogio

Director

Institute for Cosmic Ray Research
The University of Tokyo
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ICRR External Review 2025 Committee Members

Saku Tsuneta (Chair)

Kunio Inoue

Saku Tsuneta is the Director, Astronomy Research Center, Chiba Institute of Technology.
In 1983, he received his Ph.D. in Astronomy from the Graduate School of Science at the
University of Tokyo. Dr. Tsuneta was instrumental in the development of solar observing
satellites Yohkoh and Hinode. He was awarded the Hayashi Chushiro Prize in 2010
and the Japan Academy Prize in 2019 for outstanding achievement in astronomy. He
serves as the Honorary Fellow of the Royal Astronomical Society, UK and the Honorary
Fellow of the University College London, UK. Before assuming his current position in
April 2024, he served as the Director of the Advanced Technology Center of the National
Astronomical Observatory of Japan (NAOJ), the Director General of the Institute of
Space and Astronautical Science of the Japan Aerospace Exploration Agency (JAXA)
and the Director General of NAOJ. Dr. Tsuneta currently serves as the vice chair of the
Committee on National Space Policy, Cabinet Office, Government of Japan. He also
serves as the Director of the Gifu Kakamigahara Air & Space Museum.

Director of Research Center for Neutrino Science (RCNS), Tohoku University. Prof.
Inoue’s expertise lies in experimental neutrino research spanning neutrino oscillations,
neutrinoless double beta decay, neutrino geophysics and low-energy neutrino astronomy.
Having held positions at Institute for Cosmic Ray Research, the University of Tokyo, he
became associate professor at RCNS, Tohoku University in 1998, and professor in 2004.
He has been the representative of the KamLAND experiment and the director of the
research center since 2006.

Kumiko Kotera

Director of the Institut d’Astrophysique de Paris (IAP), Director of Research at CNRS and
Sorbonne Université. Dr Kotera’s expertise spans theoretical and experimental aspects
of astroparticle physics and high-energy multi-messenger astrophysics. She has been
a Spokesperson of the GRAND (Giant Radio Array for Neutrino Detection) experiment,
which she co-founded a decade ago.
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Tony Noble

Dr. Anthony Noble obtained a Ph.D. (1990) in particle physics from the University of
British Columbia. He then worked at CERN as a postdoctoral fellow at the University
of Zurich before returning to Canada. Now a professor at Queen’s University he has
been working with the astroparticle physics group there to develop a world class
research team focused on the activities at SNOLAB. With the completion of the Sudbury
Neutrino Observatory (SNO) experiment, his interests have been focused on dark
matter experiments at SNOLAB, where he is participating in the PICO experiment using
superheated fluids. These experiments aim to detect the mysterious dark matter that
appears to dominate the matter budget of the Universe, but which has never been directly
observed on Earth. He has also performed accelerator-based experiments at TRIUMF,
Brookhaven and CERN. Since 2016, Dr. Noble is the Scientific Director of the McDonald
Institute with a mandate to coordinate and advance astroparticle physics in Canada. This
is being done in partnership with Universities and Institutes across Canada.

Olaf Reimer

Professor for Experimental Physics, Universitat Innsbruck. His expertise comprises
cosmic ray physics and high-energy astrophysics, and their connections. Having held
positions at the Max-Planck-Institute for Extraterrestrial Physics in Garching, NASA/
Goddard Space Flight Center, Ruhr-University Bochum, and Stanford University, he
became Professor at the Institute for Astro- and Particle Physics at Universitat Innsbruck
in 2009, and director of the institute between 2012 and 2021. Prof. Reimer participates
actively in three major collaborations in the field of space- and ground based gamma-
ray astronomy, including acting as chair of the collaboration board in the High Energy
Stereoscopic System (H.E.S.S.) for eight years.

Executive Director of the LIGO Laboratory and Research Professor at the California
Institute of Technology (Caltech). Dr. Reitze oversees the LIGO Observatories at
Hanford, WA, and Livingston, LA, and the LIGO Caltech and Massachusetts Institute
of Technology campus-based research laboratories. His research is focused on the
development of instrumentation for current and future large-scale gravitational-wave
detectors. Previously, Dr. Reitze held previous positions as a Professor of Physics at the
University of Florida (2003-2021). He is the Vice Chair of the US National Academy of
Sciences Board on Physics and Astronomy and serves on the Board of Directors of the
Associated Universities for Research in Astronomy.
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Hirohisa Sakurai

Professor Emeritus and Visiting Professor at Yamagata University. Prof. Sakurai’s
scientific expertise lies in cosmogenic nuclides produced by cosmic rays. Having held
positions as Assistant Professor and Associate Professor, he became Professor at
the Faculty of Science, Yamagata University, where he was involved in research and
education. He also served as Dean of the Faculty of Science and Associate Dean of
the Graduate School of Science and Engineering at Yamagata University. In addition,
Prof. Sakurai was appointed concurrently as a guest Professor at ICRR, the University
of Tokyo, to promote Inter-University collaborative researches in the Low-Level
Radioisotope Measurement Facility. He was also awarded a guest investigator position
to conduct research on X-ray Astronomy detectors at NRC-NASA/MSFC senior research
associateship.

Emeritus Professor of Physics and Distinguished Guest Research Professor of Waseda
Research Institute of Science and Engineering at Waseda University. Prof. Torii’s field of
expertise is cosmic ray physics, and he is the principal investigator of the CALorimetric
Electron Telescope (CALET) project, which has been conducting observations of
high energy cosmic rays and gamma-rays at the Japanese Experiment Module of the
International Space Station since August 2015. Prof. Torii contributed to the establishment
of the Tibet ASy project and the LHCf experiment at CERN, and has been involved in
these projects.

Director of the Center for Theoretical Physics of the Universe, Cosmology, Gravity, and
Astroparticle Group at the Institute for Basic Science. Professor Yamaguchi’'s research
focuses on the intersection of theoretical cosmology, gravity, and particle physics. After
completing postdocs at the University of Tokyo and Brown University, he was appointed
Associate Professor at Aoyama Gakuin University in 2004. He then joined the Tokyo
Institute of Technology in 2010 and was promoted to Professor in 2015. He has held his
current position since March 2023.
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ICRR External Review 2025 Session Schedule

Day 1: Wednesday, May 14, 2025

Start | End | Session Presenter
09:30 | 10:00 | Review committee: Discussion on the review
(Closed session)
10:00 | 10:30 | Introduction of ICRR Shoichi Ogio
(ICRR director)
10:30 | 10:50 | Interim report from COSMIC RAY RESEARCHERS Kinya Hibino
CONGRESS (CRC) for Japanese strategy on (CRC chair)
astroparticle physics
10:50 | 11:20 | Super-Kamiokande Hiroyuki Sekiya
11:20 | 11:50 | T2K Yoshinari Hayato
11:50 | 13:00 | Lunch
13:00 | 13:40 | Hyper-Kamiokande Masato Shiozawa
13:40 | 14:00 | XMASS/XENON Shigetaka Moriyama
14:00 | 14:40 | KAGRA Shinji Miyoki
14:40 | 15:10 | Observational Cosmology Masami Ouchi
15:10 | 15:40 | Coffee Break
15:40 | 16:10 | Theory Masahiro Kawasaki
16:10 | 16:45 | Cherenkov Telescope Array Observatory (CTAO) Hidetoshi Kubo
16:45 | 17:15 | Telescope Array Takashi Sako
17:15 | 18:20 | Review committee: Discussion (Closed session)
18:30 | 20:30 | Dinner for reviewers and ICRR faculty members
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Day 2: Thursday, May 15, 2025

09:30 | 09:45 | Tibet ASy Kazumasa Kawata
09:45 | 10:00 | ALPACA Takashi Sako
10:00 | 10:30 | High Energy Astrophysics (Theory) Katsuaki Asano
10:30 | 10:45 | Report from the future planning committee of ICRR Masabhiro Ibe

10:45 | 12:00 | Review committee: Interview with the ICRR Director
(Closed session)

12:00 | 13:00 | Lunch with young researchers

13:00 | 14:00 | Review committee: Interviews with young researchers
(Closed session)

14:00 | 17:00 | Review Committee: Interviews with the Project/Group
leaders (Closed session)

17:00 | 18:00 | Review committee: Discussion (Closed session)

18:30 | 21:00 | Dinner for reviewers and division leaders

Day 3: Friday, May 16, 2025

09:30 | 11:00 | Review committee: Discussion (Closed session)

11:00 | 12:00 | Review committee: Preliminary Report from the Review
committee

12:00 | 13:00 | Lunch

13:00 | 14:30 | Review committee: Discussion (Closed session)
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External review at the ICRR Large Seminar Room (top and middle),
interviews with young researchers (bottom).
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Institute for Cosmic Ray Research
The University of Tokyo

External Review 2025 (ER2025)
Final Report

Submitted by the External Review Committee (ERC)

Kunio Inoue, Kumiko Kotera, Tony Noble, Olaf Reimer,
David Reitze, Hirohisa Sakurai, Shoji Torii,
Saku Tsuneta (chair), Masahide Yamaguchi

October 30, 2025
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|. Executive Summary

This report presents the outcome of the international external review of the Institute for Cosmic
Ray Research (ICRR), the University of Tokyo, covering the period from April 2018 to March 2024.
The Committee assessed the Institute’s scientific achievements, technical competence, individual
research programs, and institutional role based on presentations, documentation, and an on-site
visit conducted in May 2025.

The Committee finds that ICRR continues to demonstrate scientific excellence across its three
divisions—Neutrino and Astroparticle Physics, High Energy Cosmic Ray Physics, and Astrophysics
and Gravity—through major projects such as Super-Kamiokande, Hyper-Kamiokande, KAGRA,
and its involvement in international collaborations like CTAO, Telescope Array, Tibet ASy, ALPACA,
XMASS, and XENON. The strong performance of the Observational Cosmology, Theory, and
High Energy Astrophysics groups further underscores ICRR’s interdisciplinary strength and global
relevance.

Despite limited personnel and budget, ICRR has maintained world-class research operations,
constructed major infrastructure, and established itself as a vital international hub for multi-
messenger astrophysics. The Committee highlights the need for long-term funding strategies for
Hyper-Kamiokande and KAGRA, and encourages strategic discussions on the future of Super-
Kamiokande and shared-use facilities at Kamioka.

ICRR’s management model has proven effective, but adjustments may be needed as its
responsibilities grow. The Institute recognizes and is committed to increased efforts to address the
long-standing issue of gender diversity in STEM. The Committee commends ICRR’s international
leadership, research achievements, and institutional openness, and recommends continued
support from the University and MEXT to ensure its sustained impact on global science.

-11 -
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II. Overview and Highlights

Introduction

This International External Review Report (hereinafter referred to as "the Report") summarizes
the findings of the review conducted by the International External Review Committee (hereinafter
referred to as "the Committee") at the Institute for Cosmic Ray Research (ICRR), the University of
Tokyo, in May 2025.

This Report covers the activities of ICRR over the past six years, from April 2018 to March
2024. The evaluation was conducted based on the following four mandate items specified in the
document titled 'Scientific Activities: Institute for Cosmic Ray Research, The University of Tokyo —
Report to the Review Committee".

1. to give oversight to the institute’s scientific activities between April 2018 and March 2024,
whether they meet the international scientific standard and have given sufficient impacts on the
community

2. to assess the scientific merits of individual research activities and make recommendations
about future support.

3. to assess the technical competence of the proponents and the feasibility of the R&D
experiments or projects,

4. to assess the Institute’s policy and its role in the scientific community.

For the purpose of this evaluation, detailed information about ICRR was provided not only through
the documents submitted in advance, but also through presentations and discussions during the
Committee’s three-day on-site visit to the Institute.

Summary of Overall Recommendations

The Committee’s overall recommendations are as follows:

1. The Committee strongly recommends that ICRR promptly initiate discussions on the
future of Super-Kamiokande and the positioning of the Kamioka Observatory following the
commencement of stable operations at Hyper-Kamiokande. These deliberations should fully
incorporate the perspectives of both the Super-Kamiokande collaboration and the broader
research community. At the same time, due consideration should be given to the maintenance
and operation of the shared-use research facilities at the Kamioka underground observatory.

2. The Committee finds that, compared to international facilities of similar scale and scope,
ICRR has achieved significant scientific accomplishments despite operating with limited
personnel and budget. Accordingly, the Committee respectfully urges the University of Tokyo
and the Ministry of Education, Culture, Sports, Science and Technology (MEXT) to ensure that
sufficient operational funding is secured for Hyper-Kamiokande during its forthcoming stable
operation phase.

Furthermore, the Committee underscores the need to secure adequate funding for the
maintenance, upgrading, and sensitivity enhancement of KAGRA, so that it can attain
performance levels comparable to telescopes in Europe and North America in future
international collaborative observations.

More broadly, the Committee calls on government authorities to recognize that stable, long-
term operation of observational infrastructure is indispensable for cosmic-ray research, and
to adopt a long-term perspective in providing sustained support for the upkeep and aging
mitigation of ICRR’s invaluable shared-use facilities.

-12 -
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Scientific Activities and Achievements

The following chapter presents the Committee’s evaluations of each project undertaken by
ICRR, focusing on three key aspects: overall assessment, strengths and challenges, and specific
recommendations. This corresponds to the first through third items of the evaluation criteria.

ICRR is organized into three primary divisions: the Neutrino and Astroparticle Division, the High
Energy Cosmic Ray Division, and the Astrophysics and Gravity Division (see Appendix for the
organizational chart). Domestically, the Institute operates four observatories—Kamioka, KAGRA,
Norikura, and Akeno—alongside the Research Center for Cosmic Neutrinos. Internationally, ICRR
operates the High Energy Astrophysics Facility in Canarias on La Palma, Spain, and also maintains
experimental facilities in Utah (USA), Yangbajing (Tibet, China), and Chacaltaya (Bolivia).

e Neutrino and Astroparticle Division

Super-Kamiokande (Super-K) is a world-renowned international collaboration with a broad and
impactful research portfolio. The successful introduction of gadolinium (Gd) into the detector (SK-
Gd project) has significantly enhanced its sensitivity to anti-electron neutrino interactions, which is
crucial for the search for the Diffuse Supernova Neutrino Background (DSNB).

Hyper-Kamiokande (Hyper-K), currently under construction, is a top priority of the ICRR program,
jointly hosted by the University of Tokyo and the High Energy Accelerator Research Organization
(KEK). Hyper-K will surpass existing detectors in sensitivity—no other experiment worldwide
offers comparable capabilities. A neutrino beam produced at J-PARC accelerator is used to refine
our understanding of neutrino oscillation properties, benefiting both Super-K (through the T2K
collaboration) and Hyper-K. Once operational, Hyper-K will play a vital role in addressing key
questions in neutrino physics, including CP violation and mass ordering, and the detection of solar,
atmospheric, and supernova neutrinos, as well as in the search for proton decay.

The XMASS collaboration, based on a liquid xenon scintillation detector, conducted direct
searches for dark matter across a broad mass range. Although plans for scaling up the experiment
were not realized—primarily due to budgetary constraints—, data acquisition continued until 2019.
Notably, valuable analyses were conducted through 2023, culminating in the formal conclusion
of the collaboration. XMASS was a scientific and organizational success, producing highly skilled
personnel as well as advances in detector and analysis technologies. Following the completion of
XMASS, part of the team joined the XENONLT experiment (a dual-phase liquid xenon TPC), where
they made significant contributions to the successful XENONNT project.

e High Energy Cosmic Ray Division

The construction and commissioning of four Large-Sized Telescopes (LSTs) for the Cherenkov
Telescope Array Observatory (CTAO)—the world’'s most sensitive array of low-threshold Imaging
Atmospheric Cherenkov Telescopes—is expected to be completed within the next three years. Until
their official handover to CTAO, the LST collaboration holds a unique opportunity to access the rich
gamma-ray sky in the low GeV to low TeV energy range, complementing observations from space-
based instruments such as Fermi-LAT. In addition, ICRR plans to re-engage in the construction
of two further LSTs (LST-7 and LST-8) for the CTAO Southern Site, reinforcing its commitment to
high-energy gamma-ray astronomy.

The Telescope Array (TA) remains the largest ultra-high-energy cosmic ray (UHECR) observatory
in the Northern Hemisphere, dedicated to unraveling the origin and nature of UHECRs. The TA
experiment has marked significant scientific and technical achievements, particularly through
sustained operations and the launch of its next-phase construction. Ongoing collaboration with the
Pierre Auger Observatory and the landmark detection of the “Amaterasu particle’—a cosmic ray with
an energy of 2.44 x 10* eV—underscore the continued vitality and scientific impact of the TA project.

The Tibet ASy experiment is a high-altitude air shower array dedicated to both TeV-PeV gamma-

ray astronomy and cosmic ray physics. The array has now reached its final configuration and is in
continuous operation for scientific data collection. While more advanced ultra-high-energy (UHE)

-13-
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gamma-ray observatories are now operational in the Northern Hemisphere, efforts are gradually
shifting toward the construction of a full ALPACA array in the Southern Hemisphere.

ALPACA aims to establish a cosmic ray and sub-PeV gamma-ray observatory at a high-altitude
site near La Paz, Bolivia, modeled after the Tibet ASy experiment. ALPACA holds promise to exhibit
a forerunner role for VHE gamma-ray astronomy in the Southern Hemisphere, and possesses
unique research prospects in Cosmic Ray and Solar physics. The small scale demonstrator
ALPAQUITA is already in operation and shows the expected technical performance.

The High Energy Astrophysics Group has made broad and significant contributions to the study
of non-thermal phenomena and the advancement of multi-messenger astronomy. Its members
maintain active collaborations with major observatories outside of ICRR, playing a central role in
promoting cross-disciplinary, multi-messenger approaches. This group is well positioned to serve
as a core driver in both strengthening existing and uncovering new multi-messenger connections,
thereby reinforcing ICRR’s emerging role as a key international hub for multi-messenger
astrophysics.

e Astrophysics and Gravity Division

KAGRA is an underground 3-km gravitational-wave interferometer using advanced technologies,
including cryogenically cooled test mass mirrors. KAGRA works in close collaboration with the
USA LIGO Observatories and the European Virgo Observatory as part of the global network of
gravitational-wave observatories. KAGRA joined the O4c run in June 2025 and is operating with
a binary neutron star (BNS) range of between 6 and 7.2 megaparsecs (Mpc) with the goal of
achieving 10 Mpc before the end of the O4 run.

The Observational Cosmology Group has been exceptionally active, internationally recognized,
and highly productive in advancing research on the origin and evolution of the universe. Its work
focuses on key topics such as structure and galaxy formation, cosmic reionization, and Big Bang
nucleosynthesis, leveraging extensive observational data from facilities including Subaru, ALMA,
and JWST. Notably, the group has made a major contribution to the measurement of the primordial
helium-4 abundance, in close collaboration with the Theory Group, thereby strengthening
interdisciplinary links between astronomy and particle physics.

The Theory Group is highly active across a broad spectrum of fundamental topics, including Higgs
physics, collider phenomenology, grand unified theories, dark matter, axion models and axion
cosmology, inflationary models, baryogenesis, Big Bang nucleosynthesis, and primordial black
hole (PBH) formation, among others. Internationally recognized as a world-leading research team,
the group consistently produces highly original and impactful work that advances the frontiers of
theoretical physics.

Role as a National and International Research Hub

In 2018, ICRR was officially designated as an International Joint Usage/Research Center by
MEXT. Since then, it has proactively fostered large-scale international collaborations through this
framework, particularly at the Kamioka and KAGRA Observatories, as well as across its overseas
experimental sites.

Kamioka Observatory plays a pivotal role by offering essential underground research infrastructure
for shared use by external institutions, highlighting its importance to both large-scale and smaller
experimental efforts. A number of small-scale projects led by outside research groups have
been conducted at the Kamioka Observatory’s underground facility, in conjunction with Super-
Kamiokande. These activities have made notable contributions to the field of ultra-low radioactivity
astroparticle physics.

Despite its limited budget, ICRR has successfully operated a diverse and ambitious portfolio

of world-class research facilities and scientific programs across its three divisions. In parallel,
it continues to lead the construction of major new domestic infrastructure, such as Hyper-

-14 -
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Kamiokande, and to serve as a core partner in international projects like the Cherenkov Telescope
Array Observatory (CTAO).

The successful implementation and management of these facilities—both within Japan and
abroad—have been made possible through strong collaborations with universities and research
institutions around the world. Maintaining the extraordinary level of scientific excellence amid
constrained human and financial resources is a truly commendable achievement.

ICRR is exceptionally well positioned to capitalize on the rapid advancements in multi-messenger
astrophysics, supported by its active research groups—including the Astrophysics, Theory, and
Observational Cosmology Groups. It is distinguished as one of the few institutions worldwide in
astroparticle physics that seamlessly integrates experimental, phenomenological, and theoretical
research under one organizational structure. ICRR is poised to take on an increasingly prominent
role as a central institution within the global multi-messenger astronomy community. By cultivating
both well-established and emerging connections across diverse observational modalities, it is well
placed to become a key hub for driving progress in this rapidly evolving field.

Institutional Management and Future Strategy

ICRR’s success to date is the result of effective autonomous management, closely intertwined with
its productive engagement with the broader scientific community, as exemplified by the Cosmic
Ray Researchers Congress (CRC). To sustain the delivery of world-class research outcomes, the
importance of sound and effective institutional governance cannot be overstated.

Nonetheless, as the Institute’s portfolio continues to expand and increasingly large-scale
instruments are developed, the business model that proved effective in the past may no longer
represent the optimal approach for the future. Given the significant resource constraints expected
in the coming years, there may be no one-size-fits-all solution or clear set of recommendations.

The Committee presents its assessment of ICRR’s overall management, structured around the
following key topics: Inter-University Research Programs, International Collaborations, Multi-
Messenger Astronomy, the Future Planning Committee and its Relationship with Research
Communities, Systems Engineering for Large Projects, Budget, Human Resources, Maintenance
of Open-use Facilities, Graduate Students and Early-Career Researchers, Diversity, Collaborations
with Industry, and Education and Outreach.

These topics correspond to the fourth item of the evaluation criteria: “Assessment of the Institute’s
policy and its role in the scientific community.” This chapter offers an overview of the current
state of ICRR’s institutional management, as well as its future direction, accompanied by multiple
recommendations, observations, and advisory notes. This chapter adopts a relatively informal and
narrative tone, aiming to convey the Committee’s direct impressions and insights in a vivid and
approachable manner, with the intention of stimulating discussion both within ICRR and the broader
community.

Response to Previous Review and Remaining Issues

The following section outlines ICRR’s responses to the recommendations made in the previous
international external review. The Committee finds that ICRR has addressed the prior review's
concerns appropriately and considers the Director’s responses to be satisfactory. Matters that
require long-term efforts—such as improving gender balance—are also discussed from various
perspectives in this report. The final chapter presents the Committee’s observations based on its
dialogue with early-career researchers at ICRR, while the appendix provides a summary of the
Committee’s three-day visit to the Institute.

-15 -
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Concluding Remarks

Finally, and importantly, the Institute for Cosmic Ray Research (ICRR) has achieved remarkable
scientific success across a number of high-profile projects, demonstrating exceptional efficiency
despite its relatively small team. The Committee commends all members of ICRR for their
dedication and high morale, as well as the broader research communities that have collaborated
with the Institute over the years.

We respectfully submit this report in the hope that it will serve not only the entire ICRR community
but also policymakers and government officials who have wisely supported the Institute,
contributing to its continued scientific excellence.

Acknowledgments
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lll. Projects/Groups

1. Neutrino and Astroparticle Division

1-1) Super-Kamiokande

Overall Evaluation

Super-Kamiokande (Super-K) is a world-renowned international collaboration with a very broad
research program that includes solar neutrinos, atmospheric neutrinos, grand unification and
proton decay, and supernova physics. It has a long history of success, including the co-awarding of
the Nobel prize in 2015 for “the discovery of neutrino oscillations, which shows that neutrinos have
mass”. First operations began in 1996.

The detector is also used for a long-baseline neutrino oscillation program. This is enabled by the
J-PARC proton accelerator which produces an off-axis beam of neutrinos observed at the Super-K
far detector (295 km away). The beam is characterized by a set of near detectors (280 m away)
and this program is operated under the aegis of the T2K collaboration.

The collaboration is currently comprised of 55 institutions across 11 nations and a total of 240
collaborators. ICRR is the lead institute with 36 collaboration members at the University of Tokyo (as
of May 2025).

The Super-K experiment has recently added Gadolinium (Gd) to the light water to enhance the
neutron detection efficiency and, hence, vastly improve the sensitivity to anti-electron neutrino
interactions. It is particularly important in the search for the Diffuse Supernova Neutrino Background
(DSNB), which is the main residual objective of the Super-K collaboration.

Strengths
During the reporting period, Super-K has advanced the scientific agenda on two main fronts.

e Gadolinium Loading: They have started a new phase of operations with a Gd-loaded detector,
which was only possible after the tank leak repairs were demonstrated to be successful. This
heralds a new era of operations wherein inverse beta decays can be tagged by observing the
total gamma energy of 8 MeV, released in the neutron capture on Gd. This has enhanced the
physics reach in the search for the Diffuse Supernova Neutrino Background and improved the
performance of the Supernova burst monitoring.

e Continuous Improvements: Continuous operations over 29 years have enabled the
collaboration to refine the accuracy of a multitude of measurements incrementally. Some of
the highlights include:

- Measurements of the nucleon decay lifetime, now at a level of 10* years for some decay
modes.

- Reducing the error for the solar neutrino flux (from 2.2% to 1.4%), and, improving the
determination of 6:, and Am3, (reducing the tension between the global solar neutrino
results and KamLAND).

- Disfavouring the inverted mass ordering at 92.3%.

- Improved pointing accuracy for the location of Supernovae to 3.7°.

- T-neutrino appearance at 4.8c confidence level.

- Favouring &cp at -11/2.

- Aday-night asymmetry significant at 3.20, and

- The world-leading best upper limits on the DSNB above 17 MeV.
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Challenges

Super-K remains a very valuable detector with impressive performance at low energy, and now
loaded with Gd. However, as the community naturally transitions towards Hyper-Kamiokande
(Hyper-K) there will be a gradual transition of personnel and funding from Super-K to Hyper-K. It
will be a great challenge for the Super-K collaboration to find the resources (personnel and funding)
they need to continue operations until these programs have completed.

Recommendations

The committee recognizes the opportunity that the Hyper-K project presents, but still there is
some very important physics that can be derived from the existing Super-K program. In addition,
the Super-K infrastructure may be a valuable resource going forward. To that end, the committee
recommends:

e The Super-K cavern is a fabulous resource that will continue to be the envy of the world and a
valuable commodity for Japanese researchers and the international community. Following the
completion of the Super-K program, the cavern should be maintained as an important future
resource to the astroparticle physics community. Already the community is exploring ideas for
new physics programs that would benefit from the existing cavern.

e The Super-K experiment is one part of a vibrant research community at the Kamioka facility,
and any decisions around the running of Super-K should be divorced from the need for ongoing
support for the Kamioka facility. The lower cosmic ray flux is essential for a number of projects
as are the low background counting facilities.

e Hyper-K has enormous advantages and clearly needs to be a top operational priority for the
high-energy physics and astroparticle physics communities in Japan. However, the Super-K
collaboration has a number of important contributions it is currently working on, and to extract
the most physics possible, some extended operational cycles will be required even while
Hyper-K ramps up its activities. A detailed discussion should occur (initially between Super-K
and Hyper-K, and then with CRC and the FPC) to develop a plan to best optimize the physics
output, including solar neutrinos, diffuse supernova neutrino background measurements, and
active SN monitoring. This should inform the decision on the optimal running time for Super-K
following the start of Hyper-K. These discussions need to happen in a timely way to ensure
that if continued operation of Super-K is found to be a priority of the community, a suitable
responsible body can be established and entrusted with finding the necessary resources.

1-2) T2K
Overall evaluation

T2K is an international collaboration involving ~560 researchers from 75 institutions in 15 countries
as of July 2025. In T2K, a beam of neutrinos passes from J-PARC to a set of near detectors critical
to understanding the beam intensity, direction, and interaction rates on nuclei. The beam is also
steered to the Super-K detector 295 km away, slightly off axis. ICRR is responsible for operating the
Super-K detector, while J-PARC is responsible for the accelerator complex. T2K is a good example
of a successful joint project of two quite different research institutes, i.e., ICRR and J-PARC/KEK.

Understanding the CP phase in the neutrino sector is a potential key to unravel the mystery of the
matter dominant universe.

T2K is a world-leading experiment to verify neutrino CP violation, and improvements obtained
through joint analyses with other neutrino oscillation research and refinement of neutrino interaction
models are particularly important in advancing cutting-edge research. The ICRR team is leading
these activities, and both their activity status and results are highly praised.

Strengths

- It is commendable that a beam of 4.62x10%* POT was obtained by March 2025, with
measurements at a high observation efficiency of 98.7%.
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- In order to maintain high observation efficiency, repairs and work at Super-K are carried out
during beam off period, which is well coordinated with the Super-K and the T2K collaborations.

— The beam intensity has steadily increased to over 800 kW, thanks to the tremendous efforts of
the J-PARC accelerator and the neutrino beamline groups, which is an important step toward
neutrino CP measurements at Hyper-K.

- It is highly praised for their core contribution to upgrading near detectors and improving
neutrino interaction models to reduce systematic errors.

- It is highly commendable that the accuracy was greatly improved by incorporating not only
charged current quasi-elastic scattering but also one pion production into the analysis, based
on a wide range of research including neutrino production, neutrino interactions, and detector
simulations.

- The team is highly commended for having made an important step in observing the
oscillations of antimuon neutrinos to antielectron neutrinos at a 2.4 sigma confidence level by
analyzing data up to 2021, and for succeeding in setting a confidence interval at the 3 sigma
level for the CP phase.

- In addition, a hint supporting the existence of CP violation was obtained at 90% CL. An
improvement of the statistical power with an analysis of the complete data set is awaited.

- Furthermore, joint analyses with atmospheric neutrinos and the NOvA experiment have been
carried out, meeting the expectations of the neutrino community.

- In the joint analysis with atmospheric neutrinos, they succeeded in rejecting neutrino CP
conservation at the 1.9 to 2 sigma confidence level, and in the joint analysis with NOVA, they
found that the CP conservation is disfavored at 30 level assuming inverse ordering. Both are
great achievements.

- Improvements in the analysis are also expected, and a high confidence level rejection of CP
conservation can be expected by the time Hyper-K begins.

Challenges

The optimization of the simulation after Gd loading is taking time, and the analysis has not
progressed to the latest data. After adding Gd, the neutron detection efficiency has increased
substantially, and more information to analyze the neutrino interaction should be available, so a
timely analysis is awaited to provide good input for upcoming neutrino beam experiments such as
Hyper-K and DUNE.

Recommendations

The T2K team also plays an important role in Hyper-K, and the management of resources is
important. Since the T2K analysis is an important input for Hyper-K, we would like to see an
appropriate personnel allocation so that the analysis does not miss an opportunity.

1-3) Hyper-Kamiokande
Overall Evaluation

Hyper-Kamiokande (Hyper-K) is currently under construction near the main Kamioka town in Hida
City, Gifu Prefecture in Japan. The completed detector will have a total volume of 260,000 tonnes
and a fiducial volume about 8 times that of Super-K.

The physics program of Hyper-K is ambitious. There is no other experiment in the world with
comparable physics sensitivity for their main research program that will be operational on a time
schedule comparable to Hyper-K. A beam of neutrinos, produced at the J-PARC accelerator
facility located a distance of 295 km from Hyper-K, will be used to refine our understanding of the
oscillation properties of neutrinos. Hyper-K aims to measure the CP violating phase &ce to 20°, and
if Ocp is at the currently favoured value of -11/2, then a 70 result is anticipated. Hyper-K may also be
able to resolve the neutrino mass ordering, which is critical to our understanding of the fundamental
properties of neutrinos. Understanding the mass ordering would also be invaluable in guiding the
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technology choices for the future program of searches for neutrinoless double beta decay. Hyper-K
will substantially improve measurements searching for proton decay and will continue to produce
world leading measurements of solar and atmospheric neutrinos. Hyper-K will be an essential
component of the global supernova monitoring community.

The collaboration currently consists of 632 researchers across 104 institutions and 22 countries
as of May 2025. Notably, much of the expertise from the prior Super-K and T2K collaborations is
retained in this merged collaboration. Hosted by the University of Tokyo and KEK, the High Energy
Accelerator Research Organization, Hyper-K is one of the highest priorities of the ICRR program.

Strengths

The substantial increase in sensitive volume, by almost an order of magnitude compared to
Super-K, will enable Hyper-K to make increasingly precise measurements of critical elements
of the PMNS neutrino mixing matrix. The most anticipated of these will be the magnitude of CP
violation in the leptonic sector, probing the neutrino mass ordering, a precise measurement of 6,3,
and observations expected to verify the spectrum upturn for solar neutrinos.

With the current schedule for completion, Hyper-K has a clear opportunity to be first in these
measurements, with first data from DUNE not expected for several years afterwards. The major
achievement during this reporting period has been to secure the majority of the funding required,
and to begin the physical construction of the cavity. With the cavity construction expected to
be completed by July 2025, a major schedule risk will be retired. The next phase will be the
construction of the water tank, before actual detector components can be installed.

Good progress is being made on all of the subcomponents, with most design work now complete
and components in the fabrication/verification stages. Many of the schedule and budget risks are
being gradually retired.

Challenges

At the moment, the Hyper-K program appears to have a significant schedule advantage over the
DUNE project. However, the schedule has currently slipped by one year to address safety concerns
in the construction of the cavity (solved by retroactive intensification of ground control elements),
and as a redesign of the tank structure was undertaken for budgetary reasons.

Keeping on track with the schedule while concurrently addressing any safety concerns during
construction will be paramount for success. This will require significant management oversight
and intervention in matters concerning the acquisition of financial support and the allocation of
personnel resources. It will also be essential to have professional support in the development of
safety protocols for the many challenging integration projects still required to complete the detector,
especially as some of the integration tasks become the responsibility of personnel without a strong
industrial construction background.

Recommendations

The committee commends the collaboration on advancing the design, fabrication and construction
to this point, but notes that there are many subcomponents very close to the critical path and it
will be incumbent on ICRR and KEK to ensure there is sufficient project management oversight on
key elements of budget, schedule, and safety, and the ability to react accordingly when risks are
identified.

Since water quality management is important in the analysis of a wide range of energies, Hyper-K

team may need to develop human resources, who are deeply involved in the control of water
purification system, with members from analysis groups covering a wide range of energies.
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1-4) XMASS/XENON

Overall evaluation

The XMASS, utilizing a liquid xenon scintillation detector, collaboration has established the large-
scale low-BG liquid xenon technology and also pioneered unique subjects in dark matter searches,
and rare decays. Direct searches for dark matter are highly prioritized in astroparticle physics. It is
key to understanding one quarter of the total energy and matter budget of the universe. XMASS
incorporated various analysis techniques highlighted by the large mass range coverage of the
search by a single experiment. XMASS type detectors can avoid very high voltage necessary for
large double-phase detectors and thus had a scalability owing to their successful development of
low background PMTs. Nevertheless, its scaling-up was not realized mainly due to its budgetary
challenges. Data taking has been terminated in 2019, but interesting analyses were carried out
until 2023 when the collaboration completed.

XMASS is highly praised for producing many talented people in the field of the direct search for
dark matter. In addition, the team is highly praised for having developed many detector and analysis
technologies that make it possible to handle liquid xenon on a large scale and in a low background
environment. We evaluate that XMASS has been successfully completed and the technology has
been passed on to the next generation of projects.

A part of the team subsequently joined XENONLT, utilizing a dual-phase liquid xenon TPC, and
provided important contributions to the successful XENONNT experiment.

It was a natural progression for them to participate in the XENON experiment, which has world-
leading sensitivity, and their significant contribution through the XMASS experiences and the
technologies developed at Kamioka Underground is to be praised.

It is important to unite domestic researchers who want to participate in a world-leading project
to search for dark matter, which is a top priority issue in astroparticle physics. While the ICRR
team has been a core of Japanese activities, resource management will become critical as most
of them have important roles in Hyper-K if the team intends to keep the central role of Japanese
contributions.

Strengths

e XMASS has made great contributions in the field of direct dark matter searches by nurturing
human resources, developing experimental technologies, developing analysis techniques,
and pioneering physical phenomena to be studied.

e The research environment that remains as Lab. C at Kamioka Observatory is extremely
valuable as a development environment for the XENON experiment and as a research
environment that supports the ultra-low radioactivity community.

e Some of its human resources and technology have been transferred to the more competitive
XENON experiment, which is now playing a leading role in the field.

e The purification of xenon in the liquid phase is key to the long electron drift time observed and
an effective enlargement of the detector's fiducial size. This is a critical contribution to liquid
xenon dark matter experiments in general.

e The monitoring system of radioactivity adds an important feature of measuring pp-solar
neutrinos in the dark matter detector.

e They also introduced a neutron veto technique using the Super-K(SK)-Gd technology. Such
diverse cooperation is a strong point of ICRR and the ultra-low background community formed
around Kamioka underground facilities. The team serves as a bridge between the Kamioka
ultra-low background community and the world’s leading dark matter project.

e Continued participation by this group in the proposed XLZD experiment, integrating the
worldwide effort around dark matter projects using xenon is very natural. The committee
encourages patrticipation in such a world-leading experiment and the global community that is
forming around Xe dark matter detectors, as it will maintain domestic activities in the field.

Challenges

e However, considering the circumstances that Hyper-K construction is entering the busiest
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phase and most of the XENONNT members from ICRR have important roles in the
construction of Hyper-K, an effective effort around resource management to ensure that the
construction schedule is not impeded is required.

e There is a need for domestic researchers to have a hub to participate in world-leading
projects, and while it seems logical that ICRR, as a joint usage/joint research center,
should take on this function, it cannot be said to be obvious given the aforementioned effort
management. ICRR is expected to enhance personnel allocation, given the progress of
Hyper-K and the development and advancement of XENONNT and other dark matter search
projects in Japan, to be the responsible institute for the Japanese portion of a global xenon
dark matter program.

Recommendations

As dark matter experiments are being integrated worldwide, the role that joint usage/joint research
centers are expected to play is significant. Currently, the leader of the Japanese team belongs
to Kavli IPMU, the University of Tokyo, Nagoya University, and Kobe University are participating.
Defining a system within the broader framework of the University of Tokyo that serves as a hub for
participation in world-leading XENON and future projects might be beneficial.

If ICRR chooses to take on a responsibility which serves as a hub in the sense of contributing to
the community as a joint usage/joint research center, ICRR needs to provide human resources for
its service.

2. High Energy Cosmic Ray Division
2-1) Cherenkov Telescope Array Observatory (CTAO

Overall evaluation

Completing the construction and commissioning of 4 Large-Sized Telescopes (LSTs) in La Palma,
Spain (Northern Site) as the Japanese Project in CTAO will occur within the next 3 years. From
now onward and until acceptance as an in-kind contribution to the CTA Observatory the LST
collaboration is in a privileged position to use these telescopes in celestial gamma-ray observations.
A configuration of 4 LSTs will constitute the most sensitive ensemble of low-threshold Imaging
Atmospheric Cherenkov Telescopes worldwide, ideally suited to connect to the rich gamma-ray sky
at lower energy by space-based gamma-ray instruments (Fermi-LAT). It will most profoundly allow
exploring the rich source phenomenology with large photon statistics in the low GeV to low TeV
energy regime of the gamma-ray sky, alongside executing commissioning tasks preparing the LSTs
for the ultimate handover into CTA Observatory operations.

Telescope construction in Paranal, Chile (Southern Site) will start with 2 LSTs whose funds are
mainly provided by Italy, with contributions from other countries, including Japan. The Japanese
Project foresees to re-engage in construction of 2 further LSTs once the Observatory decision will
be made to enlarge CTAO-South into a 4 LSTs configuration as well.

Strengths

CTAO has successfully established the final legal entity for construction and long-term operation of
the Observatory, with Japan involved as a strategic partner in a European Research Infrastructure
Consortium (ERIC). The first Large-Sized Telescope (LST-1) is already conducting scientific
observations. Data analyses allowed the LST collaboration to publish results in respected scientific
journals already. The construction of three further LSTs at CTAO-North is well underway. The major
Japanese groups share in the powerful 4 LSTs configuration at CTAO-North, which will allow in
just a few years from now unprecedented gamma-ray observations in the low GeV to low TeV
energy regime. A heritage of decade-long operation of the MAGIC telescopes at La Palma, the
expertise of designing and constructing LSTs for CTAO-North, and the scientific experience of the
Japanese CTAO consortium members allows to engage into internationally competitive scientific
investigations even before regular operations by the Observatory will commence.
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Challenges

By handing over commissioned LSTs to CTAO the LST consortium will need to adapt to a more
complex way to conduct scientific observations, with data shared through and administered by
the Observatory. The process of transferring ownership and operation of telescopes from the LST
consortium to the CTA Observatory needs to be arranged as efficiently as possible, guided by
optimal LST array performance for maximal scientific return.

Recommendations

The Committee strongly supports the request to provide funding for operation of LSTs in CTAO-
North during their commissioning phase, as well as for regular science observations through
contributions to the running cost of the CTA Observatory afterwards. The Committee endorses
construction of two LSTs (LST-7 and LST-8) as part of the Japanese project in CTAO-South as
soon as the Observatory decision allows starting their construction.

2-2) Telescope Array
Overall Evaluation

The Telescope Array (TA) stands as the largest ultra-high energy cosmic ray (UHECR) observatory
in the Northern Hemisphere, dedicated to probing the origin and nature of UHECRs by measuring
their energy spectrum, direction of arrival, and mass composition. The TA experiment has achieved
excellent scientific and technical milestones, particularly with the continued operations and the
initiation of the next phase of construction. The collaboration with the Auger experiment has been
fruitful, leading to joint analyses and new methodologies such as machine learning and the study of
very inclined showers. Despite these efforts, the higher TA flux at energies above 10'*® remains an
unsolved problem. The discovery of the Amaterasu particle, a cosmic ray with an energy of 2.44x10%
eV, marks a significant achievement, highlighting the experiment's capability to detect extremely
high-energy events.

The TA team at ICRR has shown remarkable resilience and adaptability, continuing to operate
the surface detectors even during the challenging time of the COVID-19 pandemic. The
experiment's ability to detect and analyze high-energy cosmic rays, as evidenced by the discovery
of the Amaterasu particle, underscores its importance in the field of astrophysics. The ongoing
collaborations and R&D efforts for future projects, including potential next-generation observatories,
highlight the forward-looking approach of the TA team.

Strengths

The Telescope Array (TA) experiment is an important actor in the UHE multi-messenger efforts,
which represents the next frontier of the field. The TA experiment has demonstrated a diverse and
excellent scientific approach, effectively interfacing with other major experiments like ALPACA/Tibet.
The team exhibits a strong international spirit, with collaborations such as ILANCE and TA-GRAND,
and hosts a diverse group including one female PhD student among a total of eight students from
2018 to 2025. The project has been successful in securing funding, which is crucial for its ongoing
and future endeavors. The team is timely involved in niche experiments, technigues, and energy
range explorations. There is clear Japanese leadership and visibility, providing significant returns
and fostering strong international collaborations. The team is a provider of human resources,
including students, and maintains a good spirit with diversity and international participation.

Challenges

The funding for the next step, specifically 3M€ to reach TAx4 from the current TAx2.5, is not yet
secured. There is uncertainty regarding the community evolution, for example concerning the
Global Cosmic Ray Observatory (GCOS), which may affect future planning and decisions.
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Recommendations

To ensure the continued success and advancement of the TA experiment, the following
recommendations are proposed:

e Secure Funding for TAx4: It is crucial to secure the necessary funding of 3M€ to fully realize
the TAx4 project, which is expected to operate over the next five years and deliver unique
high-quality results for the community.

e Continue Joint Efforts with Auger Collaboration: Maintain and strengthen the ongoing joint
efforts with the Auger Collaboration. This collaboration has proven fruitful in the past and is
essential for advancing the understanding of UHECRs through shared data, joint analyses,
and combined technical expertise.

e Explore Hybrid Radio Detection Options: Investigate the feasibility of additional radio
detection options with TAx4 to enrich the scientific outcomes beyond increasing the UHECR
statistics. This would also ensure the positioning of the team favorably for an active role in the
next-generation UHE detector developments.

e Build On and Strengthen International Collaborations: Continue to foster and expand
international collaborations, which are mutually beneficial for scientific advancements and
provide a platform for shared resources and knowledge. This includes the international GCOS
initiative, and ongoing and potential collaborations within the GRAND-TA project, which aims
to install self-triggering radio detectors at the TA site, to explore gamma-ray discrimination,
muon-poor showers, and the study of muon vs. electromagnetic content in showers, as well
as UHE neutrinos.

The Telescope Array experiment collaboration has demonstrated exceptional scientific and
technical achievements, with a clear path for future advancements. The recommendations are
focused on the need to secure the necessary resources and expand techniques and collaborations
to ensure the continued success and leadership of the TA team at ICRR in the field of UHE
astroparticle research.

2-3) Tibet ASy

Overall evaluation

The Tibet ASy experiment is a high altitude air shower array focusing on both TeV—-PeV gamma-ray
astronomy and cosmic ray physics. ASy has reached its final array configuration and is continuously
operated to take scientific data. Pioneering research work in the domain of ultra-high-energy
(UHE, E>100 TeV) gamma-ray astronomy has been made, underlining the role of Tibet ASy as a
forerunner experiment in an increasingly interesting part of the electromagnetic spectrum. Whereas
more performant UHE gamma-ray observatories in the northern hemisphere are in operation now,
solar cosmic ray physics-related research, R&D for developments transferred into the build-up of
ALPACA, as well as the expressed interest by the Chinese project partners underline the desire
to continue operation on the basis of very moderate running cost. It is expected that activities are
gradually transferred towards construction of a full ALPACA array in the southern hemisphere.

Strengths

Tibet ASy played and fulfilled a forerunner role in UHE gamma-ray astronomy, accessing a
new observational window from 100 TeV to 1 PeV in the electromagnetic spectrum. Important
discoveries in the new observational window 100 TeV to 1 PeV gamma-rays were made and
published. Synergy with both cosmic ray physics (PeVatrons) and multi-messenger aspects
(IceCube diffuse neutrino spectrum) exist and are being explored. There is only modest support
for the running costs for a now fully commissioned and operational experiment requested. There
are benefits from hardware similarities and knowledge transfer from Tibet ASy towards ALPACA
expected.
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Challenges

Tibet ASy was already in competition with HAWC, but is now outperformed by the rapid build-up
and operation of the vastly more sensitive Chinese VHE gamma-ray astronomy facility LHAASO
in the Northern Hemisphere. There is stress on the manpower required for construction of the full
ALPACA array in the Southern Hemisphere that will likely stretch personnel to or beyond their limits.

Recommendations

The Committee endorses the request for support of running costs until the manpower will be
needed for construction of the full ALPACA array in the southern hemisphere. In consequence,
Japanese activities in the Tibet ASy experiment will cease to continue at this point.

2-4) ALPACA

Overall evaluation

ALPACA aims to construct a cosmic ray/sub-PeV scale gamma-ray experiment at a high-altitude
site near La Paz, Bolivia. The experimental layout would comprise a moderate-sized air shower
array and a muon detector of the underground water-Cherenkov type, with great similarity to the
presently operated Tibet ASy. The main scientific goals of ALPACA are gamma-ray astronomy in
the 10-1000 TeV range and studies of cosmic-ray composition and anisotropy.

Owing to the impact of LHAASO results in the Northern hemisphere the science case to identify
the sources of Galactic cosmic rays has been substantially strengthened and remains presently
unaddressed for the Southern Hemisphere. The small scale demonstrator ALPAQUITA is already in
operation and shows the expected performance.

Developments towards a major southern-sky wide-field gamma-ray experiment deploying air
shower technique at high altitude is highly competitive. The Southern Wide-Field Gamma-Ray
Observatory (SWGO) - if built on time - will require rethinking the concept of operating ALPACA
in the anticipated configuration. It is presently open if the unique time windows for ALPACA can
be kept or a joint major effort will hold promise to revolutionize our understanding of the sub-PeV
gamma-ray sky. There is also a need to encourage participation of foreign researchers interested
in the construction and operation of ALPACA to not risk a potentially limited time window for its
anticipated major scientific impact.

Strengths

ALPACA holds promise to exhibit a forerunner role for VHE gamma-ray astronomy in the Southern
Hemisphere, and possesses unique research prospects in Cosmic Ray and Solar physics. Benefits
from hardware similarities and knowledge transfer from Tibet ASy towards ALPACA exist and can
be readily used.

Challenges

There is currently an unclear situation regarding the timescales and realism of a potentially
more performant competitor experiment SWGO. Assuming this will clarify soon, international
competitiveness will require either fast development into MEGA ALPACA or join the efforts towards
SWGO. The potential time window for ALPACA to exist before SWGO may be endangered by
delays in construction of ALPACA or rapid progress towards SWGO. Stress on the manpower
required for construction of the full ALPACA array in the Southern Hemisphere will mount.

Recommendations

The Committee recognizes and supports the refocus of observational sub-PeV scale gamma-ray
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astrophysics from a Northern to a Southern Hemisphere experiment. We strongly recommend a
fast build-up of ALPACA and the requested support for running costs. We also recommend to stay
aware of actual developments regarding SWGO and remain open to adjust potential future array
designs or to consider merging efforts, to ensure maximal scientific return in this important energy
window. The committee encourages inviting and enlarging participation of foreign researchers
interested in the construction and operation of ALPACA to not risk a potentially limited time window
for its most profound scientific impact.

2-5) High Energy Astrophysics
Overall evaluation

The group has been playing an important role as a theoretical group within ICRR, although it has
a relatively small number of staff consisting of one professor and one assistant professor with two
postdocs and four graduate students at present. They are widely contributing to the physics of non-
thermal phenomena and multi-messenger astronomy through the groundbreaking observations of
which results are currently required new understanding against conventional theories. In addition,
they are achieving the organization of seminars for special and educational topics for students.

Strengths

The group is challenging very actively to theoretically interpret the recent observational results
brought with state-of-art instruments, which are totally new or not well understood by conventional
theories. The observations cover Non-Thermal Phenomena and Multi-Messenger Astronomy such
as SN Explosion, Relativistic Jets and transient phenomena as Kilonovae, Magnetar Bursts etc.
as well as GW Astronomy. These achievements are carried out effectively by a limited number
of staffs in collaboration with nation-wide collaborators, post-doc researchers and doctor course
students.

According to recommendation in the last review, the group has been pursuing both the projects
not directly related to the ICRR research portfolio (EHT, CALET, IceCube, Fermi/LAT etc.) and the
projects related to the major subjects of cosmic ray research of experimental groups in ICRR (CTAO,
TA/Tibet ASy, KAGRA).

It is highly regarded that the group regularly organizes seminars of special topics and educational
seminars for students of several projects in ICRR since these are excellent opportunities for
young researchers to acquire advanced knowledge. In addition, the group encourages strongly
the individual activities of post-doc and graduate student, and provides a career path for young
scientists in high-energy astrophysics.

Challenges

Since two active staffs and several post-docs have left the group to get new positions, it seems the
activity will be restricted in some topics of research, the group should try to get a staff position and
more graduate students or post-doc researchers to keep the current activity.

Recommendations

We recommend to try to set up regularly some meeting points with experimental groups not only in

ICRR but also in Kavli IPMU etc. for collaboration. Also, it is encouraged to promote effectively the
research to make up for the shortcomings of a small number of people.
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3. Astrophysics and Gravity Division

3-1) KAGRA

Overall evaluation

The KAGRA detector is an underground km-class gravitational-wave interferometer using
advanced technologies, including cryogenically cooled test mass mirrors, and is designed to detect
gravitational waves from pairs of colliding black holes and neutron stars as well as isolated neutron
stars, supernovae, and possibly other cosmic sources. KAGRA works in close collaboration with
the USA LIGO Observatories and the European Virgo Observatory as part of the global network
of gravitational-wave observatories. As KAGRA begins to reach its sensitivity goals, it will play
a critical role in the LIGO-Virgo-KAGRA observatory network by providing greatly enhanced
localization of electromagnetically bright gravitational-wave sources and by resolving gravitational-
wave polarizations.

Since the time of the last ICRR Visiting Committee, the KAGRA team has made impressive
progress in the past five years in commissioning their detector despite having faced two major
external challenges - the COVID-19 pandemic (2020-2022) and the Noto earthquake (2024). In
particular, the Noto earthquake did substantial damage to the detector, requiring a major campaign
involving repairing almost every suspended mirror in the KAGRA interferometer.

With the detector repairs complete, commissioning progress has substantially accelerated in 2025
with a tripling of the BNS range since January 2025. KAGRA joined the O4c run in June 2025 and
is operating with a binary neutron star (BNS) range of between 6 and 7.2 megaparsecs (Mpc) with
the goal of achieving 10 Mpc before the end of the O4 run.

KAGRA participated in the O3 LVK observing run in 2020 along with the GEO detector (O3GK)
operating at ~0.6 Mpc. Significant damage to the KAGRA detector from the Noto earthquake
in January 2024 has been repaired and the team has made good progress toward achieving
their goal of 10 Mpc for entering the final phase of O4. However, technical challenges remain in
achieving that goal, particularly with maintaining the stability of the cryogenic system and frosting
on the mirrors.

For the O5 observing run which is scheduled to begin in 2028, KAGRA aims to achieve a BNS
range between 25 and 128 Mpc. A lower BNS range is under consideration owing to practical
constraints. KAGRA's longer term plans for O6 (an observing run planned for the early 2030s) aim
toward improving the high frequency performance of the detector in the 2~3 kHz region where
binary neutron star merger and ringdown phases occur.

Between 2019 and 2025, KAGRA personnel have increased modestly from 42 to 43 full time
equivalent staff members. The current operating budget for KAGRA is approximately ¥440M ($3M
US equivalent).

An MoA between INFN and KAGRA/ICRR has been signed to promote cooperation for the
European Einstein Telescope Project utilizing KAGRA's unigue expertise in developing cryogenic
detectors.

The International Gravitational-Wave Observatory Network (IGWN) is in the formation stage.
IGWN will initially consist of the LIGO, Virgo, and KAGRA detectors and integrate the existing
collaborations into a single global collaboration.

Strengths

e The KAGRA gravitational-wave (GW) interferometer remains a critical detector in the LVK
global network, for both detecting GW events and specifically for identifying the location of GW
events on the sky (enabling GW-electromagnetic multi-messenger astronomy). The current
budget uncertainty facing LIGO (and the possibility that one LIGO observatory may be shut
down) further elevates the essential importance of KAGRA to the international gravitational-
wave observatory network.
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e The KAGRA team has accomplished an impressive amount of work in bringing the KAGRA
detector online, given both the natural events (COVID-19 and Noto earthquake) and the very
limited budget available for operations. They are to be commended for their progress.

Challenges

e The committee strongly believes that the current level of KAGRA funding/staffing is very
inadequate given the complexity of the KAGRA detectors. A ‘back of the envelope’ estimate
of the operating costs of large complex scientific infrastructure is 10% of the cost of the
facility construction. KAGRA's construction cost was ¥15B yen (approximately $100M US
equivalent). KAGRA’s current operating budget is less than 4% of its construction cost.
Another comparison serves to illustrate the inadequacy of the KAGRA operations budget.
For comparison, the USA LIGO Laboratory budget for operating two LIGO observatories
is approximately $50M US equivalent, or $25M for one observatory. The current KAGRA
operating budget is less than one eighth of the LIGO budget for operating one observatory.
Similarly, the European Virgo detector has an annual budget more than four times that of
KAGRA.

e Related, providing adequate funding for the planned detector upgrades for the O5 observing
run is equally essential to ensure that KAGRA is able to deliver on its sensitivity goals.

e The O6 plan to implement a high frequency detector is scientifically well motivated, but will
be challenging in that it requires operating a high-finesse signal recycling cavity, because the
difficulty still exists in the control of the high-finesse signal recycling cavity.

e The MoA with INFN and KAGRA/ICRR will leverage KAGRA's expertise in cryogenics to the
benefit of Einstein Telescope. It is important that the KAGRA team does not lose focus on its
core mission of commissioning KAGRA to an impactful sensitivity.

Recommendations

e Obtain increased funding/staff for KAGRA. Without a substantial budget increase, it is
almost certain that KAGRA will continue to struggle to achieve its sensitivity goals. Given its
importance to the LVK network and to gravitational-wave astronomy, if KAGRA is incapable of
achieving its performance aims, it will have long term negative impacts on the scientific output
of gravitational-wave science, particularly in delivering on the promise of multi-messenger
astronomy.

e |IGWN. The formation of IGWN offers an important opportunity for KAGRA to both contribute
to and benefit from tighter collaboration with the international gravitational-wave detector
network. The KAGRA leadership is strongly encouraged to continue engaging with IGWN to
develop and refine IGWN goals and governance.

Conclusions
The KAGRA Project team has made impressive progress in bringing the KAGRA interferometer
to an operational state, despite very significant obstacles encountered in the past six years.

We commend the team for their accomplishments. The ultimate success of KAGRA is critically
contingent upon continued progress enabled by more financial resources and personnel.

3-2) Observational Cosmology

Overall evaluation

The ICRR Observational Cosmology Group conducts leading research on galaxy formation, cosmic
reionization, and early universe chemistry using data from Subaru, ALMA, and JWST. Their 160
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publications include major findings on star formation, AGNs, and primordial element abundances,
earning significant citations and recognition. With strong funding, collaborations, and award-winning
members, the group is internationally renowned and highly productive.

Strengths

The ICRR Observational Cosmology Group conducts cutting-edge research on the origin and
evolution of the universe, focusing on topics such as structure and galaxy formation, cosmic
reionization, and Big Bang nucleosynthesis. These studies leverage extensive observational data,
including Subaru programs such as the Hyper Suprime-Cam (HSC) survey and the EMPRESS
survey (a Subaru Intensive Program), latter of which exploits targets selected by the HSC survey,
as well as complementary multi-wavelength observations from facilities like ALMA and JWST.

Since the last ICRR Visiting Committee, the group has published 160 refereed papers with a total of
8,736 citations, including collaborative works. Of these, 43 papers led by the group have garnered
3,100 citations. Notable scientific achievements include:

Subaru Hyper Suprime-Cam (HSC) Survey:

e Bright Galaxy Abundance: The group identified a significant excess of bright galaxies at
redshifts z ~ 4—7 compared to predictions from the Schechter function, indicating inefficient
AGN feedback in early galaxy formation.

e Star Formation Efficiency: Observations reveal a nearly constant star formation efficiency from
z ~ 2-6, with cosmic star formation rate (SFR) density evolution primarily driven by changes in
dark matter halo abundance and accretion rates.

e Extended Lya Emission: Intensity mapping of Lya emitters (LAEs) shows diffuse Lya emission
extending beyond the virial radius of ~101* Mg dark matter halos, attributed to resonant
scattering in the circumgalactic and intergalactic media.

EMPRESS Program:

e The group identified local extremely metal-poor galaxies (EMPGs) using Subaru/HSC and
confirmed them via follow-up spectroscopy.

e Deep near-infrared spectroscopy provided new measurements of primordial helium
abundance, offering valuable constraints on cosmological parameters such as the effective
number of neutrino species (Nex) and the baryon-to-photon ratio (n), with implications for
lepton asymmetry and the Hubble tension.

JWST Contributions:

e The group spectroscopically confirmed UV luminosity functions and star formation rates in 25
galaxies at z = 8.61-13.20, revealing high star formation efficiency at early epochs.

e Chemical abundance analysis of 70 galaxies at z = 4—10 uncovered unique C/N and N/O
ratios, indicative of CNO-cycle enrichment and suggestive links to globular cluster formation.

e They also identified the first statistical sample of faint type-1 AGNs at z > 4, highlighting a
substantial AGN population potentially contributing to cosmic reionization.

One of the group’s JWST-related papers has received 470 citations, the highest among
approximately 3,000 JWST observational papers published to date. The group also made a major
contribution to measurements of primordial helium-4 abundance in collaboration with Theory group,
strengthening interdisciplinary ties between astronomy and particle physics.

The group comprises three faculty members, several postdoctoral researchers, and numerous
graduate students from the University of Tokyo, six of whom have received JSPS DC fellowships.
Members have been recognized with numerous awards, scholarships, and substantial research
grants - including seven projects with budgets exceeding 30 million yen as PIs or co-Pls.
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Recommendations

The Observational Cosmology Group is exceptionally active, internationally visible, and highly
productive. The Committee strongly recommends continued support for this outstanding research
team.

3-3) Theory

Overall evaluation

The ICRR Theory Group leads research in particle physics and cosmology, covering dark matter,
inflation, PBHs, and more. They have published 139 refereed papers, many with global impact, and
collaborate with Kavli IPMU, KAGRA, and internal groups. The group actively mentors graduate
students, awarding 28 degrees between 2018 and 2024. The Committee strongly recommends
continued support and maintaining faculty positions to uphold research excellence.

Strengths

The ICRR Theory Group engages in cutting-edge theoretical research focused on phenomenology-
oriented particle physics and cosmology. Their work covers a broad range of topics, including Higgs
physics, collider phenomenology, grand unified theories, dark matter, axion models and axion
cosmology, inflationary models, baryogenesis, Big Bang nucleosynthesis, and primordial black hole
(PBH) formation, among others.

Since 2018, the group has published 139 refereed papers in peer-reviewed journals—an
impressive record that reflects the high quality of their research. Many of these works have made
significant contributions to the global scientific community. Notably, the group maintains strong
collaborations with the Kavli IPMU and has produced impactful collaborative research with the
ICRR Observational Cosmology Group on primordial helium-4 abundance, as well as with the
KAGRA Group on the search for ultralight vector dark matter using gravitational wave detectors.

The group consists of two faculty members, several postdoctoral researchers, and a number of
graduate students. On average, they accept 2—-3 graduate students per year. Between 2018 and
2024, 11 students earned doctoral degrees and 17 received master's degrees under the group’s
mentorship. These numbers underscore the group’s commitment to fostering the next generation of
researchers.

The Theory Group is recognized internationally as a world-leading team, producing highly original
and impactful work. Key scientific highlights include:

- Precise estimation of the Wino/Higgsino decay rate.

- Proposal for new types of grand unified theories with seemingly complete SU(5) multiplets.

- Constraints on dark matter self-interaction cross sections using data from ultra-faint dwarf
galaxies.

— Constraints on dark photon mass based on its impact on the effective number of neutrinos,
Ne.

- Investigation into the implications of the revised primordial helium abundance Y,.

- Studies of various extended objects, including an analytic derivation of the decay rate for
I-balls/oscillons.

- In-depth investigation of primordial black hole (PBH) formation mechanisms.

- Exploration of potential sources contributing to the stochastic gravitational wave background,
as detected by Pulsar Timing Array experiments.

In summary, Theory Group’s scientific output is both excellent and internationally influential.
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Recommendations

The Committee strongly recommends continued support for this group. However, one concern
is that one of the two current faculty members is expected to retire soon. To sustain the group’s
high level of activity and productivity, the Committee recommends maintaining at least the current
number of faculty positions.
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IV. Management of ICRR

The Institute for Cosmic Ray Research (ICRR) comprises three research divisions—the Neutrino
and Astroparticle Division, the High Energy Cosmic Ray Division, and the Astrophysics and Gravity
Division (see Chart in Appendix). It operates four observatories within Japan (Kamioka Observatory,
KAGRA Observatory, Norikura Observatory, and Akeno Observatory), as well as one research
center, the Research Center for Cosmic Neutrinos. Internationally, ICRR maintains experimental
facilities in Utah (USA), Yangbajing (Tibet, China), La Palma Island (Spain), and Chacaltaya
(Bolivia).

The construction and operation of these facilities have been successfully carried out in
collaboration with domestic and international universities and research institutes. Given the limited
budget and personnel of ICRR, it is by no means a simple task to build and operate such large-
scale observatories both in Japan and abroad while consistently producing world-class scientific
achievements.

To ensure that ICRR continues to deliver top-tier research outcomes, the importance of effective
institutional management cannot be overstated. This chapter corresponds to the fourth item
in the evaluation guidelines—"Assessment of the Institute’s policy and its role in the scientific
community”—and provides an overview of the current status and future direction of ICRR’s
management.

The content of this chapter is presented in a somewhat informal and anecdotal style, with the
aim of conveying direct observations and insights in a vivid and accessible manner, in order to
encourage discussion both within and beyond ICRR. While the following subsections are discussed
individually, it should be emphasized that they are closely interconnected:

Inter-University Research Programs

International Collaborations

Multi-messenger Astronomy

Future Planning Committee and Relationship with Research Communities
Systems Engineering for Large Projects

Budget

Human Resources

Maintenance of Open-use Facilities

. Graduate Students and Early-Career Researchers
10. Diversity

11. Collaborations with Industry

12. Education and Outreach

CoNoURWNE

1. Inter-University Research Programs

ICRR operates as an Inter-University Research Institute, engaging in pioneering research on
cosmic rays. The Committee commends ICRR for carrying out more than 130 domestic projects
annually, selected by the ICRR’s Advisory Committee and the Inter-University Research Program
Selection Committee. The fact that the principal investigators of approximately 90 of these projects
are affiliated with universities other than ICRR demonstrates the effectiveness of the collaborative
research ecosystem between ICRR and external academic institutions.

Furthermore, ICRR was accredited as an International Joint Usage/Research Center in 2018 and
has conducted nearly 30 international joint projects annually since 2019. The Committee also
commends ICRR for actively promoting large-scale international collaborations at the Kamioka and
KAGRA Observatories, as well as at its four overseas facilities, by effectively utilizing international
joint research programs.

In addition to its major projects, ICRR is conducting a wide range of other research activities at

its domestic facilities. These include studies of secondary cosmic rays related to atmospheric
phenomena, the development of new detectors that will contribute to future major projects, and
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ongoing observations of cosmic rays.

Several projects in environmental science are also being conducted by taking advantage of ICRR's
facilities, such as research on alpine plants and the presence of radionuclides in the ocean.
The Committee endorses ICRR’s support for a diverse array of cosmic ray and related scientific
research through its Inter-University cooperative research programs.

ICRR’s primary research approach centers on international joint research through large-scale
projects led by its members. At the same time, small-scale research projects led by external
institutions are also conducted at the underground facility of the Kamioka Observatory in
connection with Super-Kamiokande. These activities have made significant contributions to the
ultra-low radioactivity astroparticle physics community.

This joint-use initiative is highly regarded, and the establishment of a stable, long-term support
system is strongly encouraged by the Committee. However, as these activities have been closely
tied to the operation of Super-Kamiokande, discussions on the future of Super-Kamiokande must
also address how to sustain the research environment and infrastructure that have supported this
broader scientific community over the years.

XENONNT has been authorized by the Future Planning Committee (FPC, see section 4), and is
being conducted under the auspices of ICRR with very limited human resources. Although no direct
financial support is provided, ICRR contributes significantly by lending one ton of xenon gas to the
XENON project, offering infrastructure originally developed for XMASS to support R&D efforts for
both XENON and XLZD, and funding a postdoctoral researcher involved in the project.

These contributions are highly regarded as a strategic and effective utilization of ICRR’s support
framework. Continued support for such important yet secondary projects—compared to large-scale
efforts like Hyper-Kamiokande—poses a significant question for the future direction of ICRR. The
Committee recommends that this matter be thoroughly examined by the relevant committees, both
within and outside of ICRR.

2. International Collaborations

Managing large international projects at ICRR requires fostering a diverse and inclusive workforce,
which is essential for their success. While ICRR’s partnerships with domestic and international
institutions are generally effective, the nature and extent of international involvement vary across
teams and projects.

For instance, the KAGRA project has established strong collaborations with the LIGO and Virgo
teams in gravitational-wave data analysis, and could benefit further from closer integration into
detector development efforts. In contrast, the TA—ALPACA team is inherently built on strong
international collaboration and plays an active role in the ILANCE laboratory—a joint initiative
between the University of Tokyo and France’s CNRS—including the hosting of Master’s-level
interns. Feedback from early-career researchers (see section 9) highlights the need for better
integration of international members into ICRR’s broader research environment.

The Committee recommends that ICRR make better use of existing frameworks and connections
with international communities—such as ILANCE, which shares overlapping scientific interests and
projects, including multi-messenger and cosmic-ray detection instruments, as well as collaborations
like Hyper-Kamiokande and T2K. Similarly, the Einstein Telescope-ICRR Memorandum of
Agreement and the establishment of the International Gravitational-Wave Network (IGWN) present
valuable opportunities for KAGRA to strengthen its engagement in detector instrumentation
development through closer international collaboration.

Additionally, leveraging ICRR’s proximity to Kavli IPMU could further enhance these efforts.
Strengthening ties between the two institutes would help attract international visitors, postdocs,
and students, thereby increasing ICRR’s international visibility. It would also promote the adoption
of international best practices, facilitating smoother collaborations and better integration of
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international members into the institute. Moreover, it would support greater mobility for ICRR’s
students and postdocs to engage in research abroad.

The Committee acknowledges that, while collaborations at ICRR appear generally appropriate,
there may be room for improvement in the integration of international researchers and in
responding more effectively to feedback from early-career researchers (see Section 9). Collecting
and presenting data on international visitors and joint funding could offer valuable insights for
further enhancement.

3. Multi-messenger Astronomy

ICRR is in a predestined position to benefit from a multitude of active developments in multi-
messenger astrophysics driven by groups in the institute on the Kashiwa campus and through
leading roles in forefront international experiments. The institute is one of the few major centers
in astroparticle physics worldwide that host experimental, phenomenological, and/or theoretical
groups connecting directly to all four major messengers: Cosmic Rays via TA, Gamma-Rays via
CTAO, Tibet ASy and ALPACA, Neutrinos via T2K, Super-/Hyper-Kamiokande, XENONNT, as well
as Gravitational Waves via KAGRA.

These are all experimental involvements under leadership or significant involvement of ICRR. Yet
there is also the High Energy Astrophysics Group with direct engagements into contemporary multi-
messenger astrophysics. Members of the group keep direct connections to CALET (CR electrons),
EHT (BH physics), MAGIC (VHE transient physics) and promote multi-messenger interpretations in
current topics in the field. Further Groups at the institute possess connections into multi-messenger
aspects as well, e.g. SMBH formation from PBH seeds and PTA science prospects.

The Observational Cosmology Group conducts advanced research on the origin and evolution of
the universe, focusing on key topics such as structure and galaxy formation, cosmic reionization,
and Big Bang nucleosynthesis. These studies utilize extensive observational data from Subaru,
ALMA and JWST. Particularly notable is the use of deep near-infrared spectroscopy, which has
enabled new measurements of the primordial helium abundance. These results offer valuable
constraints on cosmological parameters, with potential implications for lepton asymmetry and the
Hubble tension. The ICRR Theory Group has been involved in this research, suggesting that the
Observational Cosmology Group is becoming an increasingly integrated and important component
of ICRR’s overall research activities.

There are additional connections given the proximity of Kavli IPMU on the Kashiwa campus.
All these efforts yield viable and visible results on their own, yet there is potential to elevate
this beyond the present setting. Fully exploring synergies between the many directions being
developed/maintained at ICRR and beyond, e.g. with Kavli IPMU, though a joint open forum, even
a virtual institute that integrate scientists from multidisciplinary groups with those deeply involved in
the specific experiments would comprise both a challenge and chance for ICRR for the next years.

The Committee commends ICRR for its emerging role as a central institution in the global
multi-messenger astronomy community. By fostering both established and yet-to-be-explored
connections across different observational channels, ICRR is well positioned to evolve into a key
hub for advancing the field.

4. Future Planning Committee and Relationship with Research Communities

The researchers are organized through the Cosmic Ray Researchers Congress (CRC), a long-
established body founded in 1953 that currently represents the majority of cosmic-ray researchers.
All research projects at ICRR must be approved by the Future Planning Committee (FPC) through
a complex and coordinated interaction between the CRC and the FPC. The Committee observes
that, despite this structure, the decision-making process at ICRR is clearly defined and functions
effectively, with the FPC serving as the formal decision-making body.
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At ICRR, evaluations of large projects are conducted by FPC, whose members are selected
primarily from institutions outside of ICRR. The FPC has been established on a temporary basis
under the ICRR Advisory Committee, a permanent body responsible for overseeing the institute’s
management. The Advisory Committee includes two subcommittees: the Inter-University Research
Advisory Committee and the Inter-University Research Program Selection Committee. Across all
three committees, there is a rule stipulating that the majority of members must be selected from
outside the University of Tokyo.

Although the FPC does not explicitly assign priorities to projects, it does offer recommendations
with varying degrees of emphasis—for example, identifying the next major project, suggesting
which initiatives should be launched immediately, and advising on which international collaborations
should be expanded to enable deeper consideration.

Based on the evaluation report by the Future Planning Committee (FPC), large-scale (strategic)
projects—such as Super-Kamiokande, KAGRA and Hyper-Kamiokande—have successfully
undergone the clearly defined governmental process required to obtain Frontier funding (section
6). Projects approved through this process are authorized to continue for a period of 10 years, in
accordance with the submitted plan. This approval serves as a prerequisite for submitting annual
budget requests to MEXT.

This structured process has proven effective in securing stable research funding, with all of the
aforementioned projects having been successfully funded. In contrast, relatively smaller-scale,
project-level initiatives—such as the Telescope Array (TA) and ALPACA—are encouraged to seek
support through competitive funding programs, such as KAKENHI. The Committee appreciates
that the project selection and prioritization process is considered transparent and based on well-
informed input derived from open discussions and formal reports.

5. Systems Engineering for Large Projects

ICRR manages many scientific facilities in the operations phase (including Super-Kamiokande
and KAGRA) and in the construction phase (Hyper-Kamiokande, CTAO). Large complex projects
such as these are conceived and typically designed by physicists. Given their substantial costs and
complexity, they can benefit from the application of systems engineering practices at all stages of
their lifecycles — from design into construction through operations.

The most successful large scientific infrastructures have professional systems engineering groups
deeply embedded within their management organizations. The adoption of systems engineering
and project management practices (such as resource-loaded scheduling, systems level engineering
plan/organization, interface control, change control, and risk analysis and mitigation plans) can
ultimately result in better overall performance and cost savings for scientific facilities.

Given the rapidly increasing scale and complexity of the projects being undertaken, the Committee
believes that ICRR would benefit from having a systems engineering group to provide support
for the facilities/projects that it manages. Understanding that the establishment of a systems
engineering group (at any size scale) would require either new funds or a reallocation of existing
funds, ICRR should work with their funding agencies as they explore the feasibility of this.

6. Budget

The ICRR budget line consists of two parts: the Management Expenses Grant and the Frontier
Budget. The Management Expenses Grant covers the operational costs of the organization,
excluding those associated with Large-scale Academic Frontier Promotion Projects and other items
specified in the preliminary budget request. In 2012, MEXT established the Large-scale Academic
Frontier Project framework to provide stable and sustained support for major research infrastructure
projects aimed at creating international research hubs. This funding mechanism is designed to
respond swiftly and effectively to global competition and collaboration, based on the long-term
"Roadmap" developed by a committee of MEXT’s Council for Science and Technology (CST).
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ICRR’s annual operating budget is funded through the Management Expenses Grant, Frontier
budget, and competitive Grant-in-Aid programs. The Frontier budget supports the construction
and operation of major facilities, including Hyper-Kamiokande, Super-Kamiokande, and KAGRA.
It should be noted that the salaries of most ICRR faculty members are provided separately by the
University of Tokyo and are not included in ICRR’s institutional budget.

Despite a modest budget, ICRR successfully operates a diverse and ambitious portfolio of world-
class research facilities and scientific programs across its three divisions, while also engaging in
the construction of new domestic infrastructure (e.g., Hyper-Kamiokande) and participating as a
key partner in major international initiatives (e.g., the Cherenkov Telescope Array Observatory,
CTAO).

While the Visiting Committee did not conduct a detailed review of ICRR’s budget, it is evident
that the level of operational funding for ICRR’s major facilities varies significantly across projects.
Super-Kamiokande has been acquiring data while undergoing detector upgrades for over three
decades, and T2K has been successfully operated for more than 15 years—both sustained by
relatively stable budgets.

In contrast, KAGRA represents a notable exception. As discussed in the KAGRA section of
this report, its operational budget remains a small fraction of that allocated to comparable
gravitational-wave observatories, posing challenges for its continued development and international
competitiveness. Therefore, the ICRR management should make every effort to increase the
operations budget of KAGRA.

It is also worth noting that the level of funding from Grants-in-Aid for Scientific Research has
remained flat in recent years while this category represents only a small portion of ICRR’s total
budget.

Upon completion of its construction, Hyper-Kamiokande is expected to enter the stage of steady
operation. It should be emphasized that a project of this scale will inevitably require substantial and
sustained operational funding. The Committee recommends that the Institute, in close consultation
with the University authorities and the relevant funding agencies, make every effort to ensure the
securement of the necessary financial resources. In addition, given the international nature of this
collaboration, it is essential that appropriate frameworks for cost-sharing be established, whereby
participating researchers and institutions assume responsibility for the maintenance and operation
of the components they have developed.

7. Human Resources

ICRR has demonstrated exceptional efficiency and success in managing several high-profile
projects, despite operating with a relatively small team. One project that particularly deserves
recognition is the advancement of Hyper-Kamiokande.

As a large-scale initiative of immense importance to the scientific community, Hyper-Kamiokande
presents both significant opportunities and formidable challenges. Its successful realization is
critical—failure is not an option. The Committee acknowledges that due to the project's scale and
the substantial resources it requires, ICRR faces limitations in securing the necessary qualified
manpower. Therefore, effective collaboration among ICRR, the broader research community, and
the government is essential.

Kamioka Observatory lies at the heart of this endeavor. Its role extends to providing essential
underground facilities for shared use by other institutions, underscoring its central importance to
other smaller projects. The Committee recognizes that the growing demands on its resources have
become a significant concern: The personnel available for these efforts are limited, and existing
staff are stretched thin across multiple high-priority tasks.

A notable example is that while Super-Kamiokande continues to make important contributions
to astroparticle physics—including the study of relic supernova neutrinos—its personnel almost
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entirely overlap with those working on Hyper-Kamiokande. There is an urgent need to develop
a clear plan for how both projects can coexist and operate effectively without compromising the
scientific output of either.

The XENONNT experiment is currently recognized as a project under ICRR, and the Committee
acknowledges the need to maintain and strengthen Japan’s domestic research framework for dark
matter detection experiments. However, the Committee also recognizes that lack of personnel
for this purpose presents a considerable challenge. Given the ongoing progress of Hyper-
Kamiokande, it would be appropriate to enhance personnel allocation in step with the development
and advancement of XENONNT and other dark matter search projects in Japan.

The challenge of limited human resources is not unique to the Kamioka Observatory but also
affects other experiments, such as KAGRA. Compared to LIGO, KAGRA operates with a budget
and staffing levels is approximately one order of magnitude smaller, relying heavily on the
extraordinary dedication of its researchers.

The situation regarding the transition from Tibet ASy to ALPACA resembles that of the transition
from Kamiokande/Super-Kamiokande to Hyper-Kamiokande, though on a smaller scale.
Nevertheless, the Committee notes that transitioning from one experiment to a next-generation
experiment—regardless of the size of the project—in order to keep pace with a dynamically
developing science case, and under conditions of very limited human resources, requires careful
attention from the ICRR leadership to matters such as staffing, the perspectives of both domestic
and international research communities, and other relevant considerations.

Moreover, while there are active discussions and initiatives within the Theory Group, concerns
have been raised about the long-term stability due to the impending retirement of a senior faculty
member. The challenge of recruiting and retaining talented faculty to sustain momentum in these
groups is becoming increasingly pressing. In addition, there is strong demand from younger
researchers for the establishment of Assistant Professor positions to bridge the gap between senior
faculty and students or postdoctoral researchers. Such positions would strengthen mentoring and
collaboration within ICRR and further enhance its research environment.

Though ICRR operates as an international joint-use and joint-research center, it is indeed
imperative to prioritize projects and responsibilities related to joint use. In these deliberations,
transparency and effective communication with the research community are essential to ensuring
that the institution continues to serve as a productive research hub, supported by both domestic
and international communities, as it has been. The Committee encourages ICRR leadership to take
the lead in facilitating these discussions to ensure that decisions are made in a timely and well-
informed manner.

The Committee recognizes that, while ICRR has made remarkable progress in advancing its
projects despite limited human resources, the institute now faces critical challenges that must
be addressed in a timely and coordinated manner. The Hyper-Kamiokande project, along with
other ongoing initiatives, requires careful planning, optimal resource allocation, and continued
international support to ensure long-term sustainability. Strengthening faculty recruitment and
retention, along with securing increased funding, will be essential for maintaining the institution’s
leadership in cosmic ray and astroparticle physics. It is imperative that ICRR continue to foster
dialogue and make well-informed decisions to ensure its continued success in the years ahead.

8. Maintenance of Open-use Facilities

Facilities such as the Kamioka Observatory operated by ICRR are not only used for large-scale
projects promoted by the institute but also serve as platforms for research and development by
various international external researchers as described in detail in section 1. The maintenance,
repair, and management of these facilities are part of the institute’s core responsibilities.

However, the Committee finds that the renewal of aging equipment presents a significant challenge.
When a facility is developed and operated with competitive funding, such as the Grant-in-Aid for
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Scientific Research (KAKENHI), continued support—particularly for routine maintenance and
replacement of aging infrastructure (deferred maintenance) —is not provided under the framework
of such grants.

The Committee strongly urges MEXT to develop a mechanism for the long-term support of
scientifically distinguished facilities established through competitive funding. After all, this
constitutes an optimized and responsible use of taxpayer money.

9. Graduate Students and Early-Career Researchers

The Visiting Committee had the opportunity to interact with early career researchers (ECRS),
including graduate students, to gain their perspectives on the research environment at ICRR,
beginning with an informal lunch involving 18 young researchers. These researchers belong
to several discipline-based splinter groups, each of which included Committee members. This
was followed by a group interview with a subset of nine young researchers conducted by the full
Committee.

Overall, the Committee heard that most early career researchers (ECRs) are satisfied with their
work and roles within ICRR. Many expressed enthusiasm about conducting research at a state-of-
the-art institute. However, the feedback also highlighted several areas where improvements could
be made to better support human resource development and the training of the next generation of
researchers. The following points summarize key considerations based on that input:

e Work-Life Balance:

Some ECS at ICRR expressed concerns regarding their work—life balance. As a first step toward
addressing these concerns, it may be helpful to create opportunities for open dialogue, active
listening, and personalized feedback—such as informal gatherings over coffee (see also point on
social interaction below).

e Integration and Inclusion:

Further efforts could be made to support the integration of international researchers by addressing
language barriers and promoting an inclusive environment. Possible measures include providing
language support programs and co-locating international visitors and collaborators to facilitate
day-to-day interactions.

e Social Interaction and Team Building:

Organizing regular social events—such as coffee breaks or monthly gatherings—may help
strengthen team cohesion and encourage communication across research groups. These
activities could contribute to a greater sense of community and foster collaboration.

e Career Development:

Supporting career development remains a key area. This may include offering career consultation
services (e.g., at the Kashiwa Campus), providing guidance for job applications, and exploring
options to increase the number of tenured positions to reduce uncertainty for young researchers.

e Salary and Benefits:

Ensuring that postdoctoral researchers receive competitive salaries and benefits may improve
ICRR’s attractiveness relative to other institutions. This could help retain talent and enable
researchers to focus on their work without undue financial concerns.

e Gender Representation:

Addressing the underrepresentation of women in the field was noted as an important issue.
Encouraging more young women to enter the field and providing sustained support for their
success—through outreach and inclusive institutional practices—could be beneficial.

e Communication and Collaboration:

Strengthening communication within and across research groups, as well as between theory
and experimental efforts (including data analysis), may contribute to a more intellectually vibrant
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research environment. Regular seminars and opportunities for ECRs to stay informed of current
scientific developments were also suggested.

As a miscellaneous point, a few graduate students noted that commuting between ICRR and the
Hongo campus—for example, to attend lectures—can be time-consuming. Similarly, ECRs involved
in the Super-Kamiokande, Hyper-Kamiokande, T2K, and KAGRA projects reported that frequent
travel between Kashiwa and Kamioka is disruptive and suggested that such travel could be better
managed and organized by ICRR.

While the Committee acknowledges that the observations presented here do not represent an
exhaustive set of views, addressing these areas for improvement—identified through these brief
conversations—may help stimulate policy discussions on ICRR’s investment in human capital and
more effectively support the development of the next generation of researchers in the field.

10. Diversity

ICRR has been placing growing emphasis on promoting diversity within its research environment.
This section provides an overview of current practices related to recruitment, the representation of
international and female researchers, and ongoing efforts to support a more inclusive and diverse
research community.

Recruitment of Researchers and International Staff

The recruitment process at the institute follows two primary pathways: one supported by ICRR’s
operational budget, and the other by project-based grants (e.g., Scientific Research Grants).

e Research Staff Funded by the Institute’s Operational Budget:
Recruitment typically begins with a public announcement in October, with applications closing
in December. Successful candidates are generally expected to begin their positions between
April 1 and October 1. The start date remains flexible within this period, allowing a broad
range of applicants to consider these opportunities.

e Research Staff Funded by Project Budgets:
The recruitment process for project-funded positions is more flexible, depending on the timing
of grant awards, budget availability, and project needs. Calls for applications may be made
at any point during the year. As with institute-funded positions, start dates can be adjusted
to accommodate the schedules of successful applicants, within the constraints of the project
timeline.

The recruitment structure is designed to be accessible to both international and domestic
candidates. The flexibility in start dates is particularly helpful for international researchers, who may
have specific timing considerations or require additional time for relocation.

In addition, all job postings are made available in both Japanese and English, helping to ensure
that international applicants can readily access and respond to open positions. This bilingual
approach is intended to support a more inclusive and diverse research environment.

Representation of Female and International Researchers

As of April 1 of the previous year, the institute had made some progress in promoting diversity
within its research staff. The most recent statistics (as of April 1) are as follows:

e Full-time Faculty (Assistant Professors and Above):
- Total Faculty: 60
— Female Faculty: 2
- International Faculty: 6
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e Researchers (Research Fellows):
— Total Researchers: 17
- Female Researchers: 2
- International Researchers: 5

These figures suggest that, while efforts to improve diversity are underway, further progress may be
needed—particularly in enhancing gender and international representation among senior academic
staff.

One area that may merit continued attention is the recruitment of female researchers. In Japan,
fostering greater participation by women in research is widely understood to require long-term
efforts and cultural change, beginning as early as the middle and high school levels. Increasing the
number of female undergraduate and graduate students in science and technology fields is viewed
as an important first step toward addressing this issue, though it is also recognized that such
progress will take time and sustained effort.

In parallel, ongoing efforts to expand recruitment outreach to a broader and more diverse pool of
candidates will remain important for cultivating a genuinely inclusive research environment.

Recommendations

ICRR has made steady progress in enhancing diversity within its research staff. Nonetheless,
continued efforts will be important to ensure that recruitment practices effectively attract and support
a more balanced and diverse group of researchers. Sustained attention to improving diversity—
particularly in terms of gender and international representation—will contribute to fostering a more
inclusive and dynamic research environment over the long term. To support greater gender balance
and overall diversity within the institution, the following considerations are offered:

e Continue efforts to recruit female faculty members.
Where possible, adopt inclusive hiring practices—such as non-gender-specific position
tittes—as research suggests these approaches can support greater gender balance. Ensure
that hiring committees are diverse and follow clearly articulated guidelines that promote
equitable practices. Consider seeking input from experts in gender equity when developing
job advertisements.

e Consult with professionals specialized in gender diversity.
Identify effective, evidence-based strategies to enhance gender balance, and consider
partnerships with institutions such as Kavli IPMU to leverage additional expertise and
resources.

e Proactively encourage applications from underrepresented groups.
Reach out directly to qualified individuals from underrepresented genders to encourage them
to apply for open positions.

e Promote gender diversity in leadership roles.
Increase the representation of underrepresented genders in boards, committees, and other
leadership positions to provide visible role models and strengthen institutional inclusivity.

e Engage in public outreach.
Participate in initiatives such as the annual Open Campus program at Hongo to connect with
broader communities and inspire future generations of researchers.

e Strengthen collaboration with like-minded institutions.
Work with organizations such as Kavli IPMU to advance both international and gender
diversity within the research environment.

Given the wide range of suggestions drawn from the observations, the Committee suggests that the
institute consider conducting a climate survey to help identify any potential barriers to participation
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within the organization. Here, climate refers to the organizational atmosphere—how people
experience and feel about their workplace. A climate survey is a questionnaire designed to assess
the overall climate—that is, the work environment, organizational culture, and general employee
perceptions.

11. Collaborations with Industry

ICRR has developed advanced experimental facilities over many years—a feat that would not
have been possible without the vital contributions of its industrial partners, who undertook both
development and industrial fabrication with a high level of technical precision and reliability. Behind
the scenes of ICRR’s scientific achievements stand skilled engineers, dedicated managers, and
committed companies whose close collaboration made these successes possible.

Presented below are examples of partnerships between ICRR (and associated universities)
and private-sector companies. In fact, numerous firms—both large and small—have played
indispensable roles in ICRR-led experiments. The Committee would have welcomed the opportunity
to interview some of these companies, with questions such as: Did your collaboration with ICRR
lead to industrial applications with profits? or Was your motivation driven by pure engineering
interest, with the expectation that applications might emerge in the future?

The Committee observed several unique features in ICRR’s collaborations with industry, including:
the potential for applications both to other physics experiments and industrial fields, the long-term
and stable nature of many partnerships, and the seriousness and dedication with which both sides
approached their shared objectives.

ICRR appears to be somewhat understated in communicating its achievements in industrial
collaboration. The Committee commends the efforts made by both ICRR and its industrial partners
in fostering these successful partnerships, and encourages ICRR to consider producing a brochure
that highlights such collaborations—both to showcase the impact of past efforts and to attract new
industrial partners in the future.

Super-Kamiokande:

Ultrapure Gadolinium Sulfate: The gadolinium compound required for SK-Gd project
needed to be extremely low in radioactive impurities. Achieving this level of purity demanded
close collaboration with an industrial partner (Formerly Nippon Yttrium Co., Ltd., now Rare
Metal Division, Mitsui Kinzoku Co., Ltd.) specializing in rare earth materials. Subsequently,
with the support of the Super-Kamiokande group, ICRR, and the Mainz group, approximately
four tons of ultrapure gadolinium sulfate was successfully procured from the same company
for the XENONNT experiment.

Development of Water Purification System for SK-Gd: A new water purification system
was developed for SK-Gd project to retain gadolinium sulfate in solution while removing
unwanted ions. The core technology is a specially designed ion exchange resin, created in
collaboration with a long-time industrial partner (Organo Corporation). Building on their prior
work for Super-Kamiokande, the new resin meets strict radiopurity standards through careful
screening of materials and evaluation of radon emissions.

Hyper-Kamiokande:

High-Efficiency 50-cm PMTs: The R12860 photomultiplier tube (PMT), developed by
Hamamatsu Photonics in collaboration with ICRR and Japanese universities, is designed for
Hyper-Kamiokande with significantly improved performance. It achieves a quantum efficiency
of 33%, collection efficiency of 87%, and single-photon detection efficiency of 25%—double
that of the Super-Kamiokande PMT. Despite its improved sensitivity, the PMT keeps the dark
noise rate low at 4 kHz—comparable to or better than previous models. The PMT also offers
twice the charge and timing resolution, along with enhanced mechanical strength for deep-
water deployment. PMTs based on this technology have been widely adopted in medical
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imaging (such as PET scanners), radiation monitoring near nuclear facilities, and various
analytical instruments. Notably, during the COVID-19 pandemic, they were also integrated into
PCR testing devices. A modified version is now used in the JUNO neutrino experiment.

Underwater Communication Cable, and Connectors, and PMT cable feedthrough: To
enable communication and precise synchronization between the underwater electronics and
surface equipment, as well as to supply power, ICRR developed a custom underwater hybrid
cable. This cable contains 12 optical fibers and copper wires for power transmission, designed
in collaboration with an industrial partner. ICRR also developed a compact underwater
connector that integrates both optical and power connection. A specialized feedthrough was
also developed to connect PMTs to underwater electronics.

Cavern Excavation: In the excavation of the unprecedentedly large cavern for Hyper-
Kamiokande, ICRR researchers collaborated closely with the cavern design company (TOKYO
ELECTRIC POWER SERVICES CO., LTD.) to develop advanced technologies for optimizing
rock behavior prediction and support design. By applying high-speed data processing
techniques commonly used in high-energy physics, they enhanced the efficiency and
accuracy of simulations. A key innovation was the introduction of a new modeling concept—
“interface elements”—to more accurately represent weak rock layers, significantly improving
prediction reliability.

For rock mass characterization, essential to both support design and information-driven
excavation, a method was developed in partnership with the excavation company (KAJIMA
CORPORATION) to use data obtained during drilling operations (Measurement While
Drilling, MWD). This allowed evaluation of geological conditions behind the cavern walls
and assessment of rock integrity in PS anchor zones. Additionally, fiber-optic displacement
sensors were introduced for the first time in large-scale cavern excavation, enabling precise
monitoring of rock displacement behavior and enhancing safety and design feedback.

Water Tank: The Hyper-Kamiokande tank lining, made of stainless steel and reinforced
concrete, is supported by the surrounding rock. Based on long-term wall displacement (creep)
predictions using a refined geological model and excavation monitoring data, ICRR and the
design company (NIKKEN SEKKEI LTD) collaboratively developed and carried out detailed
structural analyses to determine necessary reinforcements.

To prevent corrosion at welds between stainless steel and carbon steel—crucial for
maintaining water transparency—ICRR and the construction company (KUMAGAI GUMI CO.,
LTD.) jointly optimized welding materials and procedures. This collaboration is especially
important given the larger tank size compared to Super-Kamiokande, which makes preserving
water quality more challenging.

XMASS/XENON:

Low-Background Photomultiplier Tubes (PMTs): Since XMASS'’s inception, ICRR has
collaborated with Hamamatsu Photonics to develop PMTs suitable for low-background
liquid xenon detectors. Because Hamamatsu lacked in-house facilities like low-background
Ge detectors or ICPMS/GDMS, ICRR selected and provided low-radioactivity materials.
The resulting R13111 PMT remains the world’s lowest-background model. The relevant
technologies have been adopted to PMTs used by XENON, LZ, and PANDA-X, demonstrating
the broader impact of this collaboration.

Xenon Gas Distillation: Commercial xenon contains high levels of krypton, a radioactive
isotope. A distillation technique developed at Kamioka Observatory with Taiyo Nippon Sanso
Corporation in 2004 made low-krypton xenon viable for rare-event experiments. The prototype
was transferred and used in KamLAND, and the company later provided advanced distillation
towers for XENON1T/nT.

High-Sensitivity UV Spectrometer: To apply SK-Gd technology to XENON, ICRR worked
with Shimadzu Corporation to enhance UV spectrophotometers for precise water transparency
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measurements. ICRR achieved +0.03% uncertainty in 300 mm cells, allowing extrapolated
absorption lengths over hundreds of meters—relevant for Super-Kamiokande and Hyper-
Kamiokande. The R&D process also informed future equipment design through feedback on
mechanical sensitivity.

CTAO:

Light Guides: Tokai Optical developed light guides with a three-layer reflective coating (Al,
SiO,, Ta;Os) optimized for high UV reflectivity (320 nm) across a wide range of incident angles.
Low-temperature deposition was used. They are also developing light guides for SiPMs that
absorb red light while reflecting blue light. Kyoei Engineering manufactures ABS resin light
guides via high-precision injection molding. Ultra-precision machining of metal molds ensures
specular surfaces with uniformity and roughness below 5 nm.

Mirrors: Sanko Seikohjyo applied five-layer sputtered coatings (Cr, Al, SiO,, HfO,, SiO,) to
mirrors designed for long-term outdoor use. These coatings achieve ~92% reflectance at
400 nm and less than 1% annual degradation. The mirror's resolution is 0.5 mrad (80% light
containment).

Photodetectors (PMTs and SiPMs): Hamamatsu Photonics developed R11920-100 PMTs for
LST-1 and improved R12992-100 for LST-2—-4. These feature a super-bialkali photocathode
and higher quantum efficiency (40.8% to 42.0%), with a longer lifetime due to reduced dynode
stages. For CTAO’s SiPMs, Hamamatsu and ICRR jointly optimized devices for UV sensitivity
and fast timing, achieving 3 ns pulse widths—beneficial for Cherenkov detection and PET
imaging.

KAGRA:

Large-Size Monocrystal Sapphire Substrates: KAGRA collaborated with GT Crystal
Systems (USA), Shinkosha (Japan), and later AZTEC (Korea) to develop large sapphire
substrates (220 x 150 mm) with low birefringence and optical absorption (<50 ppm/cm).
Feedback from KAGRA's measurements helped refine these products, which have since
contributed to advancements in the semiconductor industry.

Low-Vibration Pulse-Tube Cryocooler: A novel two-stage pulse-tube cryocooler, developed
from KAGRA researchers’ concepts and manufactured by TORISHA, led to a patented
low-vibration design. It has been applied at AIST to improve cryogenic specific heat
measurements.

Squeezed Light & Low-Loss Mirrors: Low-loss mirrors for frequency-dependent squeezing,
developed at NAOJ and ICRR for KAGRA, also show potential for use in quantum
communication. These mirrors, combined with stable Fabry—Perot cavity control, may enable
ultra-high-power laser cavities relevant to laser fusion.

Underground Excavation Technology: During KAGRA's tunnel construction, Kajima
Corporation set a national record of 359 m/month, advancing excavation techniques and
contributing to Japan’s tunneling capabilities.

12. Education and Outreach

The Committee was informed about the pathways through which university students may advance
into graduate programs at the University of Tokyo and eventually pursue academic opportunities at
ICRR on the Kashiwa campus. ICRR is engaged in a variety of outreach and educational activities
aimed at sparking interest among undergraduate students and encouraging them to consider
graduate study.

One particularly attractive initiative is the Spring School held on the Kashiwa campus, which
introduces third-year undergraduate students from universities across Japan to the research
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activities at ICRR. These students participate in hands-on research projects, lectures, and tutorials
designed to foster interest in the field.

The Committee took note of the current number of graduate students enrolled in ICRR's Master's
and PhD programs, especially in light of the challenges posed by the COVID-19 pandemic. It also
recognizes the importance of supporting students in their career development after graduation.

Special events jointly organized by ICRR and the Kavli IPMU have been designed to encourage
female students to pursue graduate studies in physics—an important effort given the low number
of women in the field in Japan. These initiatives provide valuable platforms for outreach and
engagement.

The Committee finds that efforts to recruit students into graduate programs are well considered,
although the overall environment for student recruitment has become more challenging. Maintaining
pre-COVID-19 levels of enroliment in the Master's and PhD programs remains an important goal,
and ICRR appears well positioned to sustain both its graduate student intake and the completion
rate of its advanced degree programs.

ICRR, in collaboration with the Kavli IPMU, hosts public lectures that are widely appreciated by the
general public. In the wake of COVID-19, these events have been adapted to reach both on-site
and online audiences.

One of the most significant outreach events is the Kashiwa Open Campus, which typically attracts
several thousand visitors. After a hiatus due to the pandemic, the event was relaunched in 2023
and 2024 and received an enthusiastic response from attendees.

Outreach activities are also actively supported at ICRR’s observation facilities, particularly at the
Kamioka and KAGRA observatories. These efforts include coordination of press releases through
the Public Relations Committee, guided tours, exhibitions, production of multimedia content, and
the availability of outreach-related items for sale.

The Committee finds that ICRR’s public outreach activities are well-conceived, engaging, and
responsive to public interest in the work of a globally connected and prominent research institute.
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Appendix

A1. ICRR’s response to results of the previous review

1) “The Committee expects appropriate laboratory operation, such as utilizing the system
to feed back the user's opinion in the future.”

Director's Response:

The members of the “Board of Councilors”, which is positioned at the top of the organizational
structure, are adjusted so that approximately half are from outside the University of Tokyo (UT).
Furthermore, for key committees involved in the management of ICRR—namely, the Advisory
Committee, the Inter-University Research Advisory Committee, and the Inter-University
Research Program Selection Committee—there is a rule that the majority of committee
members must not be selected from within UT. In this way, a system is maintained in which
operations reflect the intentions of the research community.

2) “since these three major projects require large construction and operating costs, ICRR
needs a large budget request directly to the government.”

Director’'s Response:
There is a system called “preliminary budget request (%5 %3k) ”, through which large-scale
projects such as Super-Kamiokande, KAGRA, CTAO, and Hyper-Kamiokande have been
able to secure research funding by negotiating directly with the Ministry of Education, Culture,
Sports, Science and Technology (MEXT), with support from the research community and the
Science Council of Japan. In these negotiations, ICRR also receive support from UT.

3) “some sites seem to continuously need to hold seminars that researchers from ICRR
and other universities join. In addition, once or two times a year, ICRR needs an
opportunity for a general discussion, and such a meeting should be recommended to
include graduate students and young researchers.”

Director's Response:
ICRR holds research seminars almost every month.
In addition, every February, we organize a research presentation meeting for master's and
doctoral students. The ICRR Young Researchers' Workshop has been held annually in
response to the request made by young researchers during the previous external review.
Furthermore, as part of our Inter-University Research Program, we provide financial and
venue support for the research meetings of YMAP (Youth Meeting for AstroParticle), a
community of young researchers in cosmic-ray physics, and for the Future Planning Town
Meeting of CRC (Cosmic Ray Researchers Congress).

4) “For the participation of young researchers from overseas, postdoctoral recruitment
from October should be taken into consideration.”

Director’s Response:
We do not specifically announce job openings for positions starting in October. However,
even under the current open calls, the start date can be adjusted according to the selected
candidate’s preference, and the appointment can last for two or three years from that date.
For example, more than half of the research fellows hired this fiscal year will start their
appointments on October 1st.

5) “Some young researchers had the impression that formal procedures have not been
correctly announced regarding the acceptance of students from other universities. The
Committee thinks that it is good to have an announcement of appropriate graduate
student acceptance.”
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Director's Response:
When it comes to accepting graduate students, there are two possible cases.
1) One is when a student passes the entrance examination and enrolls in the graduate school
of UT.

2) The other is when a student remains affiliated with another university but is entrusted to the
ICRR for education and research.

Regarding 1), we hold “Spring School” in March, and an institute information session in June
(Entrance Exam is in September).

Regarding 2), we do not widely publicize it. | believe this is partly due to concerns previously
raised within the research community that ICRR was attracting an excessive number of
students and young researchers by making use of its excellent facilities, abundant human and
material resources, and substantial funding.

6) “The number of female researchers in ICRR is still small. The Committee thinks that
the ICRR should elevate its research institute in this regard and announce its stance
on tackling the gender issue.”

Director’s Response:

Currently, three female assistant professors are working at ICRR.

In the academic hiring process, | request the selection committee to observe the following:

- As a target goal, efforts should be made to include at least one female candidate among
those selected for interviews. If this is not possible, the reason must be explained and
approved at the faculty council.

- If the final candidates are of equal ability, preference should be given to hiring a female
candidate.

In JFY2024, we newly appointed two female assistant professors. In addition, for the first time
as ICRR, we conducted a special open call for a project assistant professor position limited to
female applicants (unfortunately, there were no applicants).

This fiscal year, we plan to conduct at least two open calls limited to female candidates.

7) “In particular, in order to smoothly promote international cooperation such as Hyper-K
and KAGRA, the Committee thinks that it is indispensable to acquire staff who can
communicate in English and can also develop and operate creative technologies. In
order to do this, the Committee thinks that it is important to set up a post that allows a
high level of salary for technical staff.”

Director’'s Response:
We employ individuals with excellent foreign language communication skills, as well
as advanced technical expertise and extensive experience necessary for research and
development, as two Project Senior Specialists (Ff{-# 75 ) , seven Project Specialists (fF
EH % E) and 14 Project Academic Specialists (AT MR E) .

8) “The Committee recommends the ICRR leadership together with MEXT and the
Japanese CTAO consortium to find a framework or an administrative structure to
facilitate participation of university-based scientists and graduate students in long-life
international collaborations like CTAO. Such structures exist in Europe (MPI, CNRS,
INFN, etc.) located on or near university campuses. US universities have created
research professorships and mechanism to minimize teaching duty of faculty members
for a limited period. (It was in the CTAO part) ”
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Director's Response:
As an International Joint Usage/Research Center, ICRR has supported researchers and
graduate students from various universities in participating in and conducting research within
large-scale international projects such as CTAO. MEXT is currently formulating new policies
to enhance the functions of Joint Usage/Research Centers as part of the upcoming 7th Basic
Plan for Science, Technology and Innovation starting in FY2026, with the aim of strengthening
the research capabilities of scientists across Japan. Since the beginning of this year, ICRR
has been actively engaged in this process, including submitting proposals to contribute to
policy planning.
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