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Welcome

To further its research mission, Kyoto University has implemented the Supporting
Program for InteRaction-based Initiative Team Studies (the SPIRITS Program) since 2013.
SPIRITS was facilitated by the MEXT-sponsored Program for Promoting the Enhancement
of Research Universities. In March 2023, the Program for Promoting the Enhancement
of Research Universities came to an end, and the SPIRITS program was also concluded

after ten years of activity.

This report presents the achievements of 12 of the 23 projects adopted by SPIRITS in
AY 2020 whose periods were extended due to the impact of the COVID-19 pandemic,
as well as 18 projects adopted in 2021, and 16 projects adopted in 2022. Each
project has produced outstanding results through its efforts to promote research
internationalization, explore new domains of academic endeavor, stimulate innovation,

and create new social value.

Over the past ten years, the SPIRITS Program has provided support for the development
of 226 research teams in diverse fields. Not only has it contributed to the development
of those individual projects, but it has also furthered the development of numerous
researchers who will play leading roles in the next generation of research at Kyoto
University. Another significant outcome is that the research administrators (URAs) and
other administrative staff who were involved in the project have gained deserved
recognition as skilled experts who can consistently support the advancement of the

university’s research.

In 2023, building on the achievements and experience gained through the SPIRITS
Program, the university will launch a new initiative called the Supporting Program for
Unlgue ExploRatory Investigation Team StudieS (the SPIRIT2 Program). Seven research
projects have already been selected for the program, which will serve as a system to
provide support to budding exploratory research that is anticipated to develop into new

academic fields with a global impact.

Through its ongoing implementation of research support programs, Kyoto University will

continue its efforts to discover new research seeds and promote their development.
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SPIRITS Concept

1. What is SPIRITS?

Since its founding in 1897, Kyoto University has sought to advance education and research based on open dialogue and a principle of academic
freedom. In keeping with these fundamental principles, the university joined the 2013 Program for Promoting the Enhancement of Research
Universities of the Japanese Ministry of Education, Culture, Sports, Science and Technology (MEXT) as a means to renew and enhance its efforts to
promote research and serve as a sustainable source of knowledge.

The Program for Promoting the Enhancement of Research Universities aims to break from traditional methods and develop innovative, evolving
research universities that serve as interdisciplinary academic hubs. The Supporting Program for InteRaction-based Initiative Team Studies (the
SPIRITS Program), is a multidisciplinary funding program launched by Kyoto University in 2013 as part of this MEXT-sponsored initiative. The
program operates through three distinct teams: The “International Type” team is engaged in the promotion of research internationalization and
the development of international joint research, the “Interdisciplinary Type” team is dedicated to the development of interdisciplinary research that
aims to push the boundaries of frontier research and protosciences, and the “Society-Academia Co-creation for Innovation Type” team is promoted
for collaborative academic-government-industry research for creating new social value and stimulating innovation. From FY2019, the priority
area of “Humanities Knowledge Transmission” has been newly established. In response to the award as the Designated National University, this
priority area is designed to support activities that widely transmit the core knowledge of humanities and social science fields emanated from Kyoto
University in order to promote the “Humanities Knowledge Transmission” that is one of its core approaches.

Projects selected for the SPRITS Project by the university committee will receive financial support for two fiscal years, as well as assistance from
highly-skilled university research administrators (URAs). The objectives of this funding are:

1) To cultivate diverse new knowledge by initiating and developing innovative and creative research.

2) To foster project manager-style leadership skills of researchers.

3) Development of URAs with research promotion skills.

Our aim is to further strengthen and sustainably develop our research capabilities through the SPIRITS program.

2. SPIRITS : Three Categories of Support
SPIRITS comprises three distinct categories of support: International, Interdisciplinary and Society-Academia Co- creation for Innovation.

1) International Type
This program provides support to initiatives that promote joint research with research institutions and researchers abroad. To be eligible
for support, projects must be implemented by a collaborative research group consisting of researchers from Kyoto University and overseas
institution(s)

2) Interdisciplinary Type
This program provides support to interdisciplinary initiatives that seek to advance frontier research or protoscience. Applicants are required to
form a team led by a Kyoto University researcher. Teams may include researchers from other research institutions and the industrial sector.

3) Society-Academia Co-creation for Innovation Type
This program provides support to initiatives and projects for cooperation and exploring collaborative research themes involving researchers
from various fields at Kyoto University, enterprises, and municipal governments, etc. aimed at stimulating innovation through society-academia

co-creation.
@ @
T UrRA T URA .
Planning Support Team formation w URA
support Application Large-scale joint
© Holding research conferences, Support research
Plan Plan workshops and symposiums 2 e
submitted reviewed e Preliminary surveys and Aoplication f /7 a-. |
Sciences  Foreign Humanities meetings held overseas pp |cat|9r_l or |
researcher researcher researcher _> _> ° Collecting data, disseminating competmve —_
research information funding, etc. of a
® Cooperation with society \A o
between industry and academia, _>
International ~ Graduate Select about etc. ° Industry-academia
student student 20 projects annually w URA collaborative projects
from three categories " )
Project promotion
support

Support performed by URAs to carry out integrated research teams’ projects

® Support projects that aim to form various research teams in both the sciences and humanities (for 2 fiscal years)
® Aim to become an autonomous research team by obtaining external funding after 2 years; URAs accompany researchers to offer support
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FY2020-2022 SPIRITS Program

Achievement Summa FY  (Program period: FY 2020 - FY 2022)

Overview of Accomplishments

SPIRITS has supported 226 projects over the past ten years. This report covers the below forty-six projects that concluded their
activities at the end of the 2022 academic year.

* Projects selected in the 2020 academic year whose support period was extended to three years (April 2020 - March 2023): 12
* Projects selected in the 2021 academic year (April 2021 - March 2023): 18
¢ Projects selected in the 2022 academic year (April 2022 - March 2023): 16

In March 2023, a total of forty-six projects (twenty-three international team research projects, fourteen interdisciplinary team research
projects, and nine society-academia co-creation for innovation team research projects) drew to a close. These projects included
numerous researchers from Japan and abroad, staff from private companies, and early career researchers (assistant professors, post-
doctoral fellows, graduate students, etc.). With Kyoto University as a base, many team research projects were launched to promote
internationalization and explore new spheres and protoscience.

International symposiums, workshops, and research meetings were held as part of these projects to create and deepen new
domestic and international research networks. As a result, new interdisciplinary and international joint research began, and as
team research advanced, members published numerous papers and books and gave conference presentations. At the same time,
research output was actively disseminated through press releases and media outreach activities.

In this program, each project is expected to grow into an autonomous research project by acquiring competitive external funding
after SPIRITS support concludes. This is, of course, based on research achievements accumulated over each researcher’s career, but
with the addition of research project results obtained during the SPIRITS funding period, many projects could apply for competitive
external research funds and successfully obtain them.

SPIRITS’s three goals are

¢ the development of innovative and creative research,
¢ the cultivation of project manager-type research leaders, and
¢ the cultivation of URA able to promote research activities.

Over the past decade, these goals have been met to a degree greater than expected. Most significantly, many early career
researchers have grown as project manager-type research leaders through their experience in project management.

The table below summarizes the results by goal for the fifty-seven projects that conducted activities from the 2020 to 2022 academic
years, including the eleven projects selected in the 2020 academic year that ended in March 2022 (see the 2020-2021 results report
“ Project Achievement and Future Prospects ” for details).

Results of the FY2020-2022 SPIRITS Program 5% Data as of November 24th, 2023

Symposia, workshops, research conferences: 41 international, 60 domestic
Formation/expansion of international or interdisciplinary networks: 77 cases

Launching of new international or interdisciplinary joint research projects: 34
cases

Development of innovative and

. Establishment of industry-academia collaboration: 23 cases
creative research

13 awarded
Papers, books, conference presentations: Numerous

Competitive external funding applications filed and awarded: 83 filed, 72
awarded ¥

Number of research representatives with competitive external funding of 10
million yen or more: 27 (34 projects) %
Cultivation of project manager-type
research leaders Young project participants who benefited from the program: 98 researchers

(assistant professors, postdoctoral students, etc.) and 128 students (graduate
students, etc.) since the launch of the SPIRITS Program
Cultivation of URA able to promote Number of projects implemented with ancillary URA support: 57

research activities Number of URAs who provided ancillary support: 74 people in total
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Debriefing Meeting for Projects Selected in 2020-2022

and Review of SPIRITS’s Ten Years

On 13 July 2023, a debriefing meeting for the SPIRITS projects selected in the 2020-2022 academic years was
held at the Clock Tower Centennial Hall. Based on its research mission, Kyoto University has supported the
development of 226 research projects through SPIRITS since the 2013 academic year. This program, which
utilizes the MEXT Program for Promoting the Enhancement of Research Universities’s grants and the university’s
financial resources, has aimed to strengthen the university’s research capabilities. In the previous academic
year, the MEXT program ended, and SPIRITS drew to a close. Therefore, SPIRITS held a debriefing for projects
selected in 2020-2022 and looked back on the program’s past ten years with President Minato Nagahiro.

The debriefing meeting was comprised of two parts. In the first, the
projects’ forty-four principal investigators carried out groupwork in
eight groups. With Research Administrators (URAs) as facilitators for
each group, the researchers discussed and shared know-how and
experience obtained in their fusion team research projects.

In the second part, Associate Professor Kosaka Yasuyuki of the
Graduate School of Asian and African Area Studies, Associate
Professor Yurimoto Hiroya of the Graduate School of Agriculture,
and Lecturer Irie Keisuke of the Graduate School of Medicine took
the stage to report on their achievements, focusing on examples
of collaboration with URAs. Also, the Kyoto University Research
Administration Center (KURA) discussed the ten-year history of
SPIRITS and other fusion research project support programs. At
the end, President Minato took the stage, bringing this program a
close through his reflections. After touching on the advanced
nature of the research supported by SPIRITS and its potential for
continued development, he spoke of the importance of the
university’s autonomy to ensure that SPIRITS, while changing in
form, can foster diverse and creative research.

For the first part’s group work, participants had been divided into
groups in advance based on their research fields, proximity of
project topics, and project categories (international, interdisciplinary,
and society-academia co-creation for innovation). Profiles of each
participant were also prepared to help them get to know each other.
URA Shirai Tetsuya of KURA was the overall facilitator for the day’s
group work, and URAs also acted as facilitators in each group. All
principal investigators shared their know-how and experiences of
SPIRITS team research with each other while referring to each group
member’s profile and responded to questions and comments
regarding their reports. Then, the group’s URA distilled the core
points, and each group shared their discussions with all participants.
Some highlights are presented below.

Today’s Findings/Impressions

*  We reaffirmed that the most important issue is how to collaborate

across different fields with people who do not have a shared language,
and how to produce results that come out of such collaborations.

* To promote interdisciplinary research, one must consider how to
connect with people (e.g., by getting the attention of researchers
who might be interested through poster presentations at
conferences, or by first getting a chance to talk with them over
dinner and drinks to understand their personalities, etc.).

* When conducting fusion team research, since researchers with
different orientations and expertise come together, team
members should agree beforehand on how and where to direct
the output of the research.

New Endeavors in One’s Own Research

e To further develop the output of our project, | want to participate
in gatherings for researchers interested in fusion research.

* | would like to increase collaboration with researchers in different
fields within the university. | hope the university will provide
support and services to encourage such things.

* | would like to have students play a central role in forming teams
in Japan. However, the more students, the greater the burden of,
for example, arranging meeting venues and accommodations. |
would appreciate information and support on this matter.

Support Needed for Trying Out New Things

* It would be great to have an organized approach to scouting for
collaborative researchers, like a networking app that connects
you with scholars from various fields.

*  When working on cross-disciplinary joint research, it takes time
for faculty members to understand various matters without
prerequisite knowledge, but students are very quick to learn, so |
would like it if the latter were included in such fusion research
programs. (Securing a budget for student TAs and RAs)

While each group’s summary presentation demonstrated
characteristics reflective of their respective project type
(international, interdisciplinary, and society-academia co-creation
for innovation), overall opinions were focused on the importance
of involving early career researchers and students, how to connect
with others, and requests for a system to support such
connections. This was a valuable opportunity to think about what
is truly necessary for fusion team research.



The second part began with Associate Professors Kosaka Yasuyuki and
Yurimoto Hiroya, and Lecturer Irie Keisuke, taking the podium and each
offering debriefings that focused on collaborating with URAs.

Associate Professor Kosaka's project was “Transdisciplinary Studies
on Domestication Motivated by Smallholder Environmental and
Health Consciousness” (selected in the 2021 academic year,
international project). In the face of the current international situation
where small-scale farmers are placed in a weak position due to the
growth and complexity of food systems and food safety is
threatened, this ambitious project focused on innovative cases in
Southeast Asia (Laos, Thailand, Vietnam) and building an
interdisciplinary and international research base. These cases, falling
outside the traditional dichotomy of modern and circular agriculture,
involve new food systems being created by the decision-making of
small-scale farmers and consumers concerned about the
environment and health. The term “domestication” here refers to
cultivating wild plants and domesticating wild animals.

The aim was to study agriculture and food from the perspectives of
equity and sustainability. This involved understanding the social
context of food systems and domestication that make such
developments possible in Southeast Asia. Researchers from Can Tho
University (Vietnam) and the National University of Laos participated
in this project, conducting joint field research. An inter-university
academic exchange agreement between Can Tho University and
Kyoto University is also going to be concluded. In addition, a total
of eight seminars, open to non-members, have been held, each
with twenty to thirty participants. They covered a wide range of
topics, from domestication to swidden farming techniques and
agricultural/farming village transformation.

In terms of collaboration with URAs, Associate Professor Kosaka
mentioned the following: support for the preparation of research
plans, introduction of overseas researchers, recommendation of
speakers for research meetings, participation in field research,
preparation for the conclusion of inter-university academic
exchange agreements, and application support for successor
projects (Grant-in-Aid for Scientific Research’s International
Collaborative Research). He reported that he plans to continue the
project with a Grant-in-Aid for Scientific Research to explore new
smallholder-led food systems in the mountains, plains, and deltas of
mainland Southeast Asia (Laos, Thailand, and Vietnam), and to
survey Vietnamese and Laotian agricultural-related materials of the
past at the National Museum of Natural History in France.

Associate Professor Yurimoto then gave a presentation on his project
“Establishment of a New Research Platform for a ‘C1 Chem-Bio
Economy” (selected in the 2022 academic year, interdisciplinary
type). The “C1 Chem-Bio Economy” is a concept that advocates
stimulating the economy through carbon cycle-centered production,
utilizing one-carbon compounds (like methane and methanol) as raw
materials, and fusing biological and chemical processes, all while
drawing on traditional biotechnology-based production. The project
aimed to establish a collaborative research structure for bringing the
C1 Chem-Bio Economy into existence.

While the carbon cycle (“biomass-CO2 cycle”), which involves
exchange between plant biomass and CO, is well known, it is not
the only cycle on Earth. There is also the methane cycle, which
features wide-scale exchange between the two principal
greenhouse gases, CO2 and methane. Some microorganisms
produce methane from COz, and some microorganisms live on
methane and methanol (C1 microorganisms). These microorganisms
are responsible for the large-scale carbon cycle and maintain the
balance between CO2 and methane in the atmosphere.

The biomass-CO: cycle and the methane cycle have been discussed
separately in the past, but recently the two have been found to be
linked. Furthermore, in terms of chemical processes, it is thought that

From left to right: Lec. Irie, Assoc. Prof. Yurimoto, Assoc. Prof. Kosaka

people will eventually be able to create carbon-neutral methane/
methanol directly from COz2 using clean energy and construct a
bioproduction regime that incorporates such chemical processes as
part of a low-carbon emission society. The Chem-Bio Economy could
realize both economic growth and global environmental policy,
advancing low-environmental-impact production and reducing
greenhouse gas emissions based on this regime.

The project’s accomplishments include the advancement of basic
research and technological development surrounding C1
microorganisms, the evaluation of carbon resource recycling from
the perspectives of various research fields, and the development of
a theory-based quantitative mathematical model regarding the C1
compound-centered carbon cycle. In addition to regular meetings
between project members, the project held symposiums inviting
domestic and international researchers and established a base to
potently advance research on this new “C1 Chem-Bio Economy”
academic domain from a variety of disciplines.

Looking back on the results of the project, Associate Professor
Yurimoto listed some of ways a URA was involved, including advice
on planning and publicity for symposiums, assistance in preparing
applications for the JST-Mirai Program, interview screening
assistance, and provision of information on other forms of external
funding. He said that he will continue his cross-disciplinary research
activities on the C1 Chem-Bio Economy and start full-fledged
international collaborative research that includes Professor Frank
Keppler (Heidelberg University), an outgrowth of this project.

Lastly, Lecturer Irie offered a report on the results of his project,
“Development of New Treatment Technology for Children with
Developmental Disabilities Through Industry-Government-
Academia Collaboration” (selected in the 2021 academic year,
society-academia co-creation for innovation). The background of
this research project is the recent rapid increase in the number of
children with developmental disabilities. It focused on
developmental coordination disorder, which is present in 5-6% of
school-aged children and affects both motor and psychological
development. However, the current lack of manpower makes it
difficult to carry out treatments, so the project aimed to develop,
from a rehabilitation specialist’s perspective, an exercise support
app for children that involves gameplay.

Key to this was a flexible sheet sensor technology developed by
AIST (National Institute of Advanced Industrial Science and
Technology). Through industry-government-academia collaboration
between Lecturer Irie and his colleagues at AIST, Kyoto University,
and a company providing education and support for disabled
children, he wants to provide software-based treatment that
incorporates this technology into a glove, which would allow users
to link their hands to the movements of an avatar in a game.

Based on this collaboration, the project was also selected in the
2022 academic year for the Intensive Support for Young Promising
Researchers Program (Project to Support the Creation of Medical
Devices for Societal Use). He also reported that in the same year,
thanks to an URA’s introduction, he connected with a researcher
from Kyoto University’s Graduate School of Education and thereby
collaborated with an elementary school in Kyoto City. He is currently
developing a project that involves children training by dropping
things. For example, catch with a ball using an avatar that mirrors
their own hand movements with a high degree of accuracy.



In the latter half of the presentation, he also shared some of the
mistakes made at the beginning of the project. When AIST and
Kyoto University were collaborating on it, hopes were high that
children would enjoy a game using avatars, but when the game
was actually brought to education/support sites, it was dismissed
with the comment, “This kind of thing can’t be used.” The reason
may be that it was completely seed-driven and did not consider
the needs of people on the ground. Reflecting on this, Lecturer
Irie began to visit the site more frequently, improving
communication, holding workshops, and actively giving
presentations outside of Kyoto University, which enabled him to
meet key people involved in the disorder he was hoping to
address, deepen his thinking, and expand collaboration.

Based on its connections with industries such as Kyoto University
Hospital and companies working on education and support for
disabled children, in the future the Graduate School of Medicine’s
Department of Human Health Sciences hopes to provide
intervention support for inclusive education, connecting
developmentally-disabled children and elementary schools
through the medium of human health.

Following the project reports by three principal investigators, in the
latter half of the second session, Amano Eriko, a URA from KURA,
gave a presentation looking back on the SPIRITS program as a whole.

She said that this program, which began in 2013, has improved
yearly in terms of the screening criteria, operational process, and
URA support. Of particular note is the establishment of the
Society-Academia Co-Creation for Innovation Project Slot in 2018
and the two-year Humanities and Social Science Priority Area slot,
funded by the university becoming a Designated National
University Corporation in 2019.

SPIRITS originally had three objectives: (1) to develop innovative
and creative research, (2) to cultivate project manager-type
research leaders, and (3) to cultivate URAs able to promote
research activities. In terms of diversity and the (2) cultivation of
project manager-type research leaders, there were a total of 19
female Pls (8.4%) and 12 Pls from overseas (5.3%). While still small
percentages, they have gradually increased over the years. In
terms of the jobs held by principal investigators, approximately
half of them were professors until 2019, but then, partially due to
systemic changes, the proportion of associate professors
increased. Early to mid-career researchers became central.
Regarding (3) the cultivation of URAs able to promote research
activities, a total of 128 URAs have had the opportunity to grow
through their involvement in projects.

As for (2) and (3), both related to human resources cultivation,
questionnaires were administered to ascertain the degree to which
these goals were reached. Principal investigators said they saw
improvements primarily in their project leadership ability and ability to
thrive in international competitive environments. On the other hand,
URAs indicated that they felt that their abilities to provide appropriate
external funding information, facilitate the advancement of projects,
and build trusting relationships with researchers had improved.

In closing, URA Amano noted that SPIRITS will be succeeded by
SPIRIT2 (Supporting Program for Unique Exploratory Investigation
Team Studies). The program will support the advancement of
exploratory team research that aims to develop into new research
areas with a global presence.

Following URA Amano, URA Shirai took the stage. He has played a
central role in advancing fusion research support efforts, and
introduced other similar support programs for researchers
available after SPIRITS ends (see Figure 1 for details). Next, URA

Sugai Yoshinori, who has been playing a central role in the
external fund acquisition support efforts, gave an overview of
those. In the past three years, such efforts have covered eleven
programs and more than twenty-six types of external funding,
with an average of over 900 individual projects per year.
Approximately 40% of projects selected at the university have
been KURA-supported projects.
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Figure 1

At the end of the second part, President Minato took the podium
to provide an overall review of the SPIRITS program. Some
excerpts of his comments are presented below.

This program has been ongoing for ten years, and we just heard
about its successor, SPIRIT2. The crucial phase is what comes next. In
industry-academia collaboration, these things typically follow a set
pattern. The first stage is incubation, where original ideas are
discovered. The second stage involves the injection of gap funding
to bridge the gap between academia and industry through financial
support. The third stage is about startups entering the market, which
could potentially lead to mergers and acquisitions if successful.

While in industry-academia collaborations the roadmap is clear, such a
path has not yet been established in the field of fusion research. | think
that building it is the critical next step. Only when this is achieved can
we truly say the program has truly become SPIRIT2. In this sense, the
university must become autonomous, developing a system that
enables it to grow independently while having exit strategies.

The fusion research teams selected during SPIRITS’s ten years have
produced diverse results. At the same time, many researchers have
become leaders of the next generation of Kyoto University, and
staff have also grown into specialized human resources who
provide research support. However, there are still many challenges
to overcome to continue producing diverse fusion research on a
sustainable basis. Kyoto University will autonomously develop
further support measures based on the SPIRITS experience, aiming
to cultivate the next generation of researchers and strengthen the
university’s research capabilities as a whole.
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Dark matter search in particle physics and terahertz engineering -
Integration of radiation detection and radio wave measurement
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Keywords

Dark matter, Dark Photon, High
Energy Physics, Cosmic Microwave
Background, Millimeter-wave

Project Gist

Dark matter search in particle
physics and terahertz engineering
- Integration of radiation detection
and radio wave measurement

Background and Purpose

We aim to search for/ find the Dark Matter (DM), which fills our
galaxy with more than 5 times of the total amount of the normal
matter, with combining the methods for the particle physics and
for the cosmic microwave background (CMB) measurements. In
the particle physics, the lightest supersymmetric particles have
been best candidates for the DM, however we have not yet
discovered such particles in the LHC experiment. In order to
extend the mass range, we can apply the method to measure
CMB, i.e. the micro/milli-meter wave techniques. Such ultra-
light dark matter, called Dark Photon, will convert to the normal
photons at a subphase of metals and we can catch such power
peak in the spectrum analyzer.

Project Achievements

We search for the dark photon cold dark matter in the mass
range 74-110 u eV/c2, establishing a new method with the
milli-meter wave measurement technique by the new research
group supported by the SPIRITS project. We found no signal,
allowing us to set an upper bound on the coupling constant
between normal and dark photons, x < (0.3-2.0) x 107° (95%
C.L.), which is the most stringent constraint to date.

We developed new methods to improve the sensitivity on
the dark matter originated from SUSY particles decay, for the
coming high-liminosity LHC.

Future Prospects

We will search for dark photons with a wider frequency band
using the established method. On the particle physics side, we
will develop methods for dark matter searches using detectors
placed 200 meters away from the LHC proton collision point. In
addition, we will develop a new system for the high-luminosity
LHC experiment, which will start in 2029.

A SEBLNEBVWE—I32—(4—UT+ b)) &
BEXFOBEICHT 2HEREEEOHME LTRT,
Constraints for x at 95% confidence level as a
function of Dark Photon mass.

REREIEH
- RRERKE BHLH

- FIREEE EFMEN MEF - FHEYEFER
- BCRNT

- B& URL  https://inspirehep.net/authors/987165

RHAZEZFMRHMOELFR2ETRR BRNETZ
#48 (CERN) OB 1S, LIk, AEN PO HRE
hNiEes (LHC) £ AW AR FMEET-> TV 3, &E
T3 VR E SR L - EMERRRRICEN.

Principal Investigator

+ SUMIDA Toshi

+ Department of Physics, Faculty of Science

+ Experimental particle physicist working on the LHC-ATLAS
experiment, interested in the dark matter search particularly
in the compressed mass models of SUSY. Recently focused
on the park photon search using the micro/milli-meter wave
measurement techniques.

« https://inspirehep.net/authors/987165
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Developing a Novel Methodology for evaluating the Energy-X-

Nexus
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Keywords

energy, resources, nexus, equity

Project Gist

Energy systems interact with resource,
environment and social systems in
interesting ways that this project aims
to investigate.

Background and Purpose

The project aimed to develop a methodology to evaluate the
synergies and trade-offs that arise when we consider changes
in the energy system and the systems interconnected with
it. For example, when we try to make energy more efficiently
or more cleanly, it might lead to the use of more resources
or more water, and when we want to purify water, we need
energy. These connected systems (the nexus) need to be
considered together, or the most ideal option cannot be found.
Moreover, the reconfiguration of such systems can lead to
a disproportionate impact on some parts of society - so the
equitable balance of impacts also needs consideration.

Project Achievements

The project began by identifying the key types of nexus study
and what aspects need to be included in a methodology
that can evaluate various interconnected systems. Two main
examples were examined - water-energy systems in which
water produced from desalination is used to reduce energy
loss and improve the uptake of renewable energy; and
minerals-energy systems in which the need for minerals to
make clean energy technologies are considered. The impacts
on society and equitable distribution of impacts and benefits
was considered.

Future Prospects

Based on this project, we will further investigate the future
requirement and risk for minerals in energy technologies
and the just transition to carbon neutrality. We aim to cover
more new technologies and more resource systems, and
to quantitatively identify the equitability of different future
scenarios.

AKFEIRIF— X XTHR

Hydrogen in the energy-X-nexus

REHEH
- XRFKZ Benjamin C. McLellan
-FIESEE IRxL¥F-HFEMER
- BERBN

- B URL  https://eecon.energy.kyoto-u.ac.jp/en/

NPBA—-ZXNFZUTHET, IxVX— R, Bk
PIEEME. G E S ESELARAPFICRHEKEF > TVET,
J—E-—DOHRBLTVET, BRIV Y H—TTF,

Principal Investigator

- Benjamin C. McLellan

+ Graduate School of Energy Science

- Ben is originally from Australia and has interests in various
research fields - energy, resources, sustainability and coffee. His
hobby is watching and playing soccer.

+ https://eecon.energy.kyoto-u.ac.jp/en/
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Launch of the Environmental Enrichment Science
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> ZIFEEHHERTOFEY v DER
Observing feral horses in Cape Toi,
Miyazaki, Japan

Project Gist Keywords
Connecting wild and captive animals,  wild animal, environment, hormonal
field and lab analysis, DAN analysis, image analysis

Background and Purpose

Animals live in a broad range of environment from wild to
captive conditions such as zoos. Even in the same species,
their lives varies so much and it is not easy to understand
their lives with the comparative methods. To address this
challenge, we are trying to launch “environmental enrichment
science” using a variety of research areas and methods. First,
at the Wildlife Research Center’s research sites on Kojima
Island and Yakushima Island, we are tackling this challenge by
incorporating new research methods while making use of our
accumulated knowledge of conventional research.

Project Achievements

Utilizing our research sites in Kojima and Yakushima, we
conducted research using drones, image analysis using Al, and
molecular biology methods using DNA and hormones. At the
same time, we conducted research using similar methods in
z00s. These new methods are more versatile than conventional
ones and have the potential to be used uniformly in the wild
and in captivity. One of the challenges for the future is to
evaluate whether the environment they live in is desirable for
the animals in the wild and in captivity, respectively.

Future Prospects

We will start new projects of feral horses at Cape Toimisaki and
of endangered flying foxes at Kuchino-erabu Island with new
research methods. Our challenge is to apply the results of our
field research to animals in captivity, such as those in zoos.

4 FO->THRELEBABNHEEBNOER R
Wildlife habitat in Yakushima Island
photographed by drone (Kagoshima, Japan)
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- BE URL  https://www.wrc.kyoto-u.ac.jp/members/sugiura.html

Principal Investigator

+ SUGIURA Hideki

+ Wildlife Research Center

+ He is in charge of the Kojima and Yakushima field stations of
Wildlife Research Center. He studied vocal and social behavior
of Japanese macaques. Also, he has continued long-term
monitoring of medium to large mammal population there.

+ https://www.wrc.kyoto-u.ac.jp/members/sugiura.html
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Innovation of enzymatic reaction field with nanoparticle catalysts
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Project Gist Keywords
Innovation of enzyme reactionfield Nanoparticle, Enzyme,
by interdisciplinary fusion Dephosphorylation

Background and Purpose

The three purposes of this project are 1) to elucidate the
mechanism by which cubic silica nanoparticle including
rosin acid-coated calcium carbonate activates the enzyme
which catalyzes the pyrophosphohydrolase reaction
releasing pyrophosphate group from a compound including
triphosphate, 2) to examine the applicability of the nanoparticle
to other enzymes catalyzing similar reaction releasing
pyrophosphate from other compounds, and 3) to examine the
activation by immobilizing the enzyme catalyzing sulfidation on
silica nanoparticles. Through the experiments to assess these
tasks, we aimed to clarify the potential of nanoparticle catalysts
on enzyme reaction fields and enhance the functionality of the
nanoparticle.

Project Achievements

Through this SPIRITS project, we could propose a mechanism
activating pyrophosphohydrolase enzyme by the nanoparticle,
which has been set as our first goal. In addition, based on the
interdisciplinary seminars carried out by this project, a new
joint research was started. The collaborative research resulted
in the identification of an additional enzyme that is activated by
the nanoparticle. The results led by this cooperative research
also achieved the second goal. Furthermore, many competitive
research grants have been acquired with proposals created
based on results of this project and discussion in seminars
which were carried out by this project.

Future Prospects

In the future, we will write papers based on results which have
not been reported yet and publish them. We will also examine
whether the proposed activation mechanism is precise or
not. In addition, the team formed in this project will search for
opportunities to apply for appropriate competitive research
grant.

A FHARDA * =T R
Schematic drawing of this study
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Principal Investigator

+ SATO Takaaki

+ Graduate School of Engineering

- He received a PhD (engineering) from Kyoto University
in March 2006. In October 2009, he became an assistant
professor at the Graduate School of Engineering, Kyoto
University, and from August 2021 current position.
Main research: Identification of novel enzymes and novel
metabolic pathways in microorganisms. Hobbies: Tennis and
karaoke.
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Challenge to the ultimate material science by the fusion of plasma

physics and nanoengineering
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Keywords

High intensity laser, High energy
density plasma, Strong magnetic
field generation

Project Gist

Realization of ultra-strong magnetic
field generation!

Background and Purpose

Due to an ultra-short and high-intensity laser irradiation
with a peak intensity exceeding 10'® W/cm” to the matter, a
high energy density (HED) plasma accompanied by a strong
magnetic field with an intensity of kilo-tesla is generated. By
using a target consisting of a sub-micrometer sized silicon
rod with a high aspect ratio (height/radius~50-100), which we
have developed so far, we aim to generate an unprecedented
ultra-high-intensity magnetic field and the sustainment of
the HED plasma by the field, which can be used in medical,
industrial and academic applications such as particle beam
cancer therapy, nuclear physics and reproduction of extreme
phenomena in space physics.

Project Achievements

We performed a series of two-dimensional and three-
dimensional particle-in-cell simulations using a supercomputer
and found the structure and design of a target that can
generate an ultra-strong (~kT) magnetic field due to a high-
power laser irradiation. Based on numerical simulation
results, we fabricated a silicon rod assembly target with a
high aspect ratio (height/radius~50-100) by utilizing the latest
semiconductor manufacturing technology. We have also
started laser experiments at the T® laser system (ICR, Kyoto
University) by using this target and obtained experimental
results showing that the hot electron temperature of the plasma
can be controlled by changing the microstructure of the target.

Future Prospects

Based on the achievement of this research in manufacturing a
silicon rod assembly target and setting up an environment for
experiments concerning a high-power laser-matter interaction,
we will work on the development of a measurement method
concerning a strong magnetic field generated in a high energy
density plasma by utilizing the interferometer of plasma.

d@MFERLEEZ—F Y FOBFEBIREER, (b) BEBERICET S
YIab—Ya iR (o) BESSERD X HZX L,

(a) SEM image of the silicon rod assembly developed by our
group. (b) Simulation results concerning the generation of a strong
magnetic field. (c) Mechanism of strong magnetic field generation.
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Principal Investigator
+ MATSUI Ryutaro
+ Graduate School of Energy Science

- BE#ET

- B URL
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http://plasma-fusion.energy.kyoto-u.ac.jp/index.html

+ We investigate a high energy density (HED) plasma generated

by a high-intensity laser irradiation to the target and application
using a HED plasma, e.g., high energy particles for cancer
therapy, thermonuclear fusion, and understanding the origin of
high energy cosmic rays.

« http://plasma-fusion.energy.kyoto-u.ac.jp/index.html
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Human-wildlife relationships and defaunation in Japan
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Visit to Yakushima for study of
" seed dispersal

Keywords

defaunation, seed dispersal,
Japanese macaque, Yakushima,
Tanegashima

Project Gist

Explore the coexistence of human
and wildlife

Background and Purpose

We applied a varied, multidisciplinary research approach
to investigate the coexistence of humans and wildlife in
two neighboring islands in southern Japan: Yakushima, the
internationally recognized, long-term primatological study site of
Japanese macaques, and Tanegashima, where Japanese macaques
went extinct immediately following World War Il. We studied
the ecological functions, such as seed dispersal, of Japanese
macaques in the forest ecosystem, and the changes in the
ecosystem when those functions are lost following their extinction.
We also studied human-macaque relationships via hunting or crop-
raiding on both islands in historical and contemporary contexts.

Project Achievements

In order to assess how the absence of Japanese macaques
affects the regeneration of animal-dispersed plants, we compared
the distribution of adult trees and seedlings of Myrica rubra in
Yakushima and Tanegashima. We published a book on hunters’
activities in Yakushima in the 1950s, based on the field notebooks
of a pioneering Japanese primatologist. We also conducted a
sociological environmental study on crop-raiding by Japanese
macaques in Yakushima by utilizing an interview-based survey
on the extinction of macaques in Tanegashima. Through these
studies, we have formed a foundation for future collaborative
interdisciplinary studies on human-wildlife relationships.

Future Prospects

We will broaden our interdisciplinary research to include
tropical regions by conducting studies on the human driven
causes, and effects, of tropical forest defaunation. We will
digitize the notebooks and photos of a pioneer of Japanese
primatology, recorded during his fieldwork in Japan and SE
Asia, and publicize his work as a digital archive.

> EREZE. JINRBD1952F0 |
BASHENFHIK

Yakushima field research notebooks
written by Japanese primatologist |
Syunzo Kawamura in 1952
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Principal Investigator

* HANYA Goro

+ Center for Ecological Research

-+ Conduct various ecological studies on Japanese macaques in
Yakushima and non-human primates in Borneo. Conduct census
of Japanese macaques in Yakushima every summer with many
volunteer students.

* https://www.ecology.kyoto-u.ac.jp/~hanya/index.html
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Development of numerical wild horse behavior experiment model
by application of plasma particle simulation
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Keywords

Wild horses, group of wild horses,
space plasma particle simulations,
supercomputers

Project Gist

Applying space plasma particle
simulation to reproduce the
behavior of wild horses.

Background and Purpose

Wild horses have high sociality and form groups with fixed
members, but their ecology is not well understood. Recent
observations have shown that horses within a group move away
from each other when they get close and move closer when
they move away from each other. The similarity of this behavior
to the repulsive and attractive forces of magnetic field inspired
the application of space plasma particle simulation. Our goal is
to establish a simulation model that reproduces the positional
relationships of wild horses with the space plasma simulation.

Project Achievements

We have developed a numerical simulation model of wild
horses and it is actually used by researchers study wild horse. It
brings us closer to establishing a new methodology “simulation”
in addition to observation and theoretical studies. We also
have held the symposiums on behavior and group, and new
joint research projects were started among the participating
researchers, contributing to the establishment of a research
network. By managing the project with various kinds of support,
we were able to learn how to proceed with scientific projects,
which we have been able to apply to the management of other
projects.

Future Prospects

We aim to obtain external funding such as Grant-in-Aid for
Scientific Research to continue and develop this project. In
addition, we are considering applying for the Joint Usage/
Research Center for Interdisciplinary Large-scale Information
Infrastructures so that we can secure computing resources to
run simulations using a supercomputer.
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Principal Investigator

+ FUKAZAWA Keiichiro

+ Academic Center for Computing and Media Studies

+ He received his Ph.D. degree from Nagoya University. He served
as a JSPS research fellow at Kyushu University. Then, he has
been at RIIT, Kyushu University, as an assistant professor, and at
ACCMS, Kyoto University, as an associate professor. His research
interests lie in high-performance computing.
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Elucidate spatio-temporal landscape of blood cells
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Keywords

Hematopoietic stem cells, single
cell analysis, peripheral organs,
repair, mathematical modeling

Project Gist
To clarify the spatiotemporal

dynamics of hematopoietic stem
cells.

Background and Purpose

Blood cells produced from HSCs circulate throughout the body
and are considered to be closely related to peripheral organs.
In order to elucidate the relationship between HSCs and other
organs, we aim to analyze how all blood cells are produced
from HSCs and how they change over time by collecting spatio-
temporal data and using both mathematical modeling and
data-driven approaches.

Project Achievements

A new and extensive research network was formed, allowing
for new collaborations and team building. In addition, the team
was able to prepare an application for a large competitive
external fund.

Future Prospects

We would like to apply for and obtain large competitive funds
based on the research results and networks obtained through
the support of SPIRITS, and to elucidate the relationship
between hematopoietic stem cells and all organs and tissues.
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Databanking of spatio-temporal dynamics of hematopoietic differentiation lineages
derived from single hematopoietic stem cells
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Principal Investigator

* YAMAMOTO Ryo

- Institute for Advanced Study, Institute for the Advanced Study of
Human Biology

* The hematopoietic system is maintained by hematopoietic
stem cells, but the essential nature of this system has not yet
been elucidated. Their goal is to understand the essence of the
hematopoietic system through interdisciplinary research using
mouse, monkey, and human models, and integrating the latest
measurement techniques and computational science.

+ https://ashbi.kyoto-u.ac.jp/lab-sites/ryo-yamamoto/
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A multidisciplinary approach to decoding biological oscillations:
mathematics, biology, and medicine
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Project Gist Keywords
Exploring the principle for  Gut peristalsis, organoid, coupled-
synchronized oscillation between  oscillators

gut organoids

Background and Purpose

Biological oscillation is a fundamental principle for homeostasis
of life, which coordinates diverse body functions such as
peristaltic movement in the intestine. Our project aimed to
reveal the mechanism of coupled oscillations between gut
organoids through multidisciplinary sciences of experimental
biology and mathematics. This fundamental study would
uncover the mechanisms of dysfunction of gut movement and
contribute to future therapies.

Project Achievements

We analyzed the coupled oscillations between gut organoids
when they fused together and succeeded in identifying
the specific cell populations guiding coupled oscillations.
Mathematical analysis predicted that the gut organoids include
leader cells guiding oscillations and follower cells susceptible
to the oscillation of leader cells. Now, our multidisciplinary
project has developed a novel research idea regarding biological
oscillations regulating morphogenesis, leading to getting fund
for long-term projects.

Future Prospects

Our multidisciplinary approaches have found the specific
cell populations that govern the coupled oscillations in
organoids. Our next challenge is identifying the cellular basis
of leader and follower cells and their cellular components for
signal transduction and keeping to explore future therapies.
Finally, we want to understand how biological oscillations are
interpreted in diverse biological functions.
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Coupled oscillation between gut organoids (Art work by Rei Yagasaki)
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Principal Investigator

+ INABA Masafumi

+ Graduate School of Science

+ Masafumi Inaba obtained his Ph.D. from Osaka University in 2012
and currently study how the biological oscillations and waves
regulate animal morphogenesis.

+ https://researchmap.jp/inabamasafumi
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A new description of black hole explored from chaos
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Keywords

chaos, black hole, information
loss problem, string theory

Project Gist

Elucidation of the information loss problem
of black holes from the study of chaos

Background and Purpose

Black holes are among the most enigmatic of celestial bodies
because their gravitational pull is so strong that even light
cannot escape. Black holes are thought to emit information
about objects that have fallen inside them through a process
called Hawking radiation. However, the mechanism for
recovering that information has not yet been elucidated. The
purpose of this research is to search for a new picture of the
internal structure of this black hole from the viewpoint of
“chaos” by integrating expertise in elementary particle physics,
nonlinear dynamics, and applied chaos.

Project Achievements

By bringing together experts in elementary particle theory,
nonlinear dynamics, and applied chaos and sharing their
expertise, we were able to discover new various directions for
joint research on the relationship between black holes and
chaos. In addition, using the budget of this research project, we
held an international conference that also served as a research
exchange with National Taiwan University, and we were able to
strengthen cooperation and launch new collaborations.

Future Prospects

In the research group formed through this research project, we
would like to continue to hold regular meetings for research
exchange, share the latest specialized knowledge related to
chaos and black holes, and promote joint research. In addition,
in order to maintain and further expand this research base,
we would like to aim to acquire another large-scale financial
resource such as KIBAN A as an alternative one to SPIRITS.
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Principal Investigator

+ YOSHIDA Kentaroh

+ Faculty of Science

+ His specialty is theoretical particle physics, and his main research
fields are String Theory and its mathematical nature. One of his
recent research interests is to study the mathematical structure
behind the duality of gauge theory and gravity. His hobbies are
bowling and online games.
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Initial Research of Dissociation
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Keywords

Dissociative disorder, Psychiatric
disorders, Philosophy of science,
Neuroscience

Project Gist

Interdisciplinary research on a
psychiatric symptom ‘dissociation’

Background and Purpose

Dissociative disorder (DD), characterised by psychological symptoms
like amnesia and hallucination and by physical ones of unknown
cause, accounts for about 1-3% of the population and leads to
higher rate of suicide than depressive disorder. Since DD can
still be diagnosed only by interview despite the prevalence and
severity, objective diagnosis is required for the understanding its
pathophysiology and creation of biological therapy. From different
viewpoints, studies on DD may have a novel influencea big problem
in philosophy of science*how mind and body are linked”as the
symptoms are not always fixed but may be transient orfluctuating.

Project Achievements

Internal and international collaboration with different institutes
facilitated the improvement of MR spectroscopy (MRS), a classical
technique of MRI which can measure concentration of metabolic
substrates. We applied MRS for certain areas of the brain from
volunteers showing different extent of dissociation and found that
some substrates have a significant correlation with clinical scores
of dissociation. This result raised a possibility that the tendency of
dissociation could be objectively quantified. Also the fact that brain
regions possibly related to dissociation has inadequate information
of detail microstructure as well as function, encouraged us to take
an anatomical approach using postmortem human brains.

Future Prospects

We spent this year on research group organisation and preliminary
experiments. We aim in the following years to extend the experiences
to the patients with dissociation, similar diseases, and disorders
that should be differentially diagnosed, and finally to create
the animal model. | hope that Japan will be a global hub for
dissociation research in future.
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Principal Investigator

+ MORI Yoshifumi

+ Graduate School of Medicine

- A chance encounter with a dissociative patient as a medical
student has a decisive influence on his career despite his good
ability of fluorescent live imaging. His methodology ranges from
neuroscience to philosophy of science, such variety that can be
imagined by his being a farmer, Chinese calligrapher, and VJ.

+ https://researchmap.jp/yoshifumi_mori
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Research on the application of space weather forecasts to human

health
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Project Gist Keywords

Toward the Application of Space  Space weather forecasting,

Weather Forecasting to Human weather-related diseases, health,
Health preemptive medicine

Background and Purpose

When solar activity increases, astronauts are exposed to
radiation in space, satellites are damaged, and power
transmission facilities on the ground are also damaged. In
order to prevent these problems, research on space weather
forecasting is being conducted to predict solar activity and
geomagnetic storms with high accuracy. We aim to apply
space weather forecasting to human health, and in this study,
we aimed to elucidate the mechanisms of the effects of space
environmental factors on living organisms.

Project Achievements

In human studies, we evaluated the relationship between
space environmental factors and biological information such
as sleep status and heart rate variability. In animal experiments,
we exposed mice to electromagnetic fields that reproduced
geomagnetic storms and observed their behavior, suggesting
an increased level of excitement. We also held seminars in
collaboration with an astrophysicist and established new
networks with companies and research institutions.

Future Prospects

We would like to utilize the research results and networking
obtained through the support of SPIRITS to advance our
research into the application of space weather forecasting to
human health through a more interdisciplinary approach.

The geomagnetic field is being disturbed
by solar activity.
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Principal Investigator

* NISHIMURA Tsutomu

+ Kyoto University Hospital

- Using medical insurance data, he is studying the effects of
environmental factors on the onset and exacerbation of various
human diseases. His hobbies are fruit growing and vegetable
gardening.



30 | ZFEE / Interdisciplinary Type

[Fv2022)

PRUESOHFAEHHT3F)-TEEICHAT S

AEHE M A

Cross-disciplinary research on olive production to control chaos in

societies of the Middle East
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The study site of an olive grove in
the Agricultural Research Station of
Mu’tah University, Jordan.
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Torshi (pickles) of olives, Armenian cucumber, cauliflower, &
and garlic, sold at a store in Mosul, Norther Iraq.

Keywords

Olive, Pluralism, Water
resources, Nonlinear
analysis, Middle East

Project Gist

Pioneering a new research paradigmto
elucidate the universal principles of
the interaction between bioresource
production and social phenomena

Background and Purpose

In Northern Iraq, a strategic region in the Middle East, the restoration
of peace and order from recent social chaos is gradually progressing
along with the recovery of bioresource production, such as growing
olives. However, properly allocating water resources under climate
change remains a challenging issue. In this research, through
collaboration and fusion of agricultural science, social science, civil
engineering, and mathematics, we aim to pioneer a new research
paradigm to elucidate the universal principles of the interaction
between bioresource production and social phenomena. We build a
cross-disciplinary international research team encompassing dialogue
with residents, mathematical abstraction of problems, and derivation
and presentation of solutions.

Project Achievements

The Nineveh Plains in Northern Irag and the Hauran Plains near
the Jordan/Syria border were selected as study areas where olive
production thrives despite the social chaos. An interdisciplinary
research team, including the general public, was formed between
Japan, Irag, and Jordan to have several workshops. Based on area
studies focusing on interview surveys, we have established a cross-
disciplinary methodology that abstracts and universalizes the
current situation in which a new order is being formed out of the
social chaos. A representative example of the project achievements
is the proposal for a novel rainwater harvesting facility in the
Nineveh Plains.

Future Prospects

Through field research and analysis by a transdisciplinary team,
we shall verify the hypothesis that the social dynamics of turmoil
and order can be universally described using a system of partial
differential equations including possibly degenerate or singular cross/
self-diffusion terms. We shall also introduce control theory over the
plant-environment interaction that behaves as a nonlinear system.
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Principal Investigator

+ UNAMI Koichi

+ Graduate School of Agriculture

- UNAMI Koichi is an associate professor of water resources
engineering at the Graduate School of Agriculture, Kyoto
University, where he received PhD in 1999. His research interests
include developing and operating water resources, aiming for
the best, and preparing for the worst.

« https://www.kyoto-u.ac.jp/en/research-news/2021-04-06
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Establishment of a new research platform for a “C1 Chem-Bio

Economy”
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Project Gist Keywords

C1 Chem-Bio Economy based ona  methane cycle, biomass, carbon

new perspective of global carbon  cycle, C1-carbon fixation, C1
cycle microorganisms

Background and Purpose

This study aimed to establish a research foundation and
framework for the C1 Chem-Bio Economy discipline through
an interdisciplinary approach. The C1 Chem-Bio Economy is
a new concept that seeks to achieve economic growth and
global environmental measures simultaneously by reimagining
the global carbon cycle. Specifically, the concept proposes
conjugating the carbon cycle between biomass and CO, with
the methane cycle between methane and CO,. This approach
was first introduced by our research group. During the grant
period, we conducted basic research and technological
development of C1 microorganisms, while also evaluating
the cyclical use of carbon resources from the perspective of
multiple research fields.

Project Achievements

Cross-disciplinary research activities were carried out among
the Kyoto University participants in this project. These
members specialize in applied microbiology, molecular cell
biology, green chemistry, data science, network science,
water environmental engineering, energy engineering and
economics. Additionally, an international symposium was
organized, inviting domestic and foreign researchers with
different specializations, where the future cyclical use of carbon
resources was discussed from multiple perspectives. Through
these activities, we established a research base that strongly
promotes C1 Chem-Bio Economy research from various
fields of specialization and built a foundation for developing
interdisciplinary joint research. We also succeeded in
developing our research into interdisciplinary and international
collaboration with researchers from overseas.

Future Prospects

Moving forward, we will further consolidate the research
base of the “C1 Chem-Bio Economy” discipline through the

CH, 4—— si4d7=R
& Cﬁi%awmnl established human network and interdisciplinary research
ﬁ;ﬁ* activities. We consider that the promotion of this new discipline
'}&g@* F o as a fundamental concept is key for discussions on science
x 5""’“*"515.11 i and technology strategies and policy dialogues toward the
g . ) .
» realization of a carbon-neutral and decarbonized society.
ClRuEY+ it
CH
+F HCHO
o
q} 7842 | HCOOH T"“
| / co.m=
ASLERE hEy A RFERGERC L2 CI LN/ 3 -OHER
co] C1 Chem-Bio Economy based on methane-cycle conjugated

global carbon cycle
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Principal Investigator

+ YURIMOTO Hiroya

+ Graduate School of Agriculture

+ He received Ph.D. from Kyoto University in 2001. He became
an Assistant Professor at Kyoto University in 1996 and then
an Associate Professor in 2006. His research interests include
molecular basis of metabolism, cellular physiology, and gene
regulation of C1-microorganisms, and their application in
biotechnology.

- http://www.seigyo.kais.kyoto-u.ac.jp
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Society-Academia Co-creation for Innovation Type
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Society-Academia Co-creation for Innovation Type

Initiatives and projects for cooperation and exploring collaborative research

themes aimed at stimulating innovation through society-academia co-creation
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Polymer Processing Prediction using Machine-Learned based

Multi-Scale Simulations
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[11N. Seryo, T. Sato, J.J. Molina, and T. Taniguchi, “Learning the
constitutive relation of polymeric flows with memory”, Physical
Review Research 2,033107 (2020)
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Comparison between the ML results and the full Multi-Scale Simulation results.
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The Machine-Learning (ML) setup. Training data is generated from microscopic simulations in order
- to learn the constitutive equation, which is then used it to perform accurate flow simulations.

Project Gist Keywords

Soft Matter, Multi-Scale
Simulations, Machine
Learning, Polymer Melts

Develop physics-informed Machine-Learning
(ML) methods to simulate flowing soft matter,
in particular entangled polymer melts.

Background and Purpose

Soft Matter systems (e.g., colloidal dispersions and polymers) are incredibly
important to our dally lives. However, predicting their material properties
is incredibly difficult thanks to the multiple length- and time-scales in the
system. Here, we focus on polymer melts, in which the microscopic chain
dynamics strongly influence the macroscopic flow, and vice-versa. Multi-
scale simulations provide one solution, but they are prohibitively expensive.
Instead, we have recently proposed a Machine-Learning method that
is capable of learning the constitutive relation of polymer melts with
memory[1]. The purpose of this project was to extend this general
approach to consider redlistic systems, e.g., entangled polymers melts.

[ N. Seryo, T. Sato, J.J. Molina, and T. Taniguchi, “Learning the constitutive
relation of polymeric flows with memory”, Physical Review Research
2,033107 (2020)

Project Achievements

We extended and applied our ML method to learn the constitutive relation
of the standard polymer entanglement model, i.e., the Doi-Takimoto model.
The simulation results using this learned relation are in excellent agreement
with ful Multi-Scale Simulations, but require an order of magnitude fewer
computing resources. This will allow us to simulate realistic polymer
processing flows, in an effort to develop next-generation polymeric
materials. Our research results have been published in three articles,
reviewed in two invited articles (in Japanese), and presented in over 10
international conferences. In addition, it has also led to the adoption of a
JSPS Transformative Research Area (A) (publicly offered research) grant
for FY2023-FY2024 to continue this project. Finally, we have been able
to extend our network across disciplinary boundaries, to work with other
researchers interested in merging Physics and Machine-Learning.

Future Prospects

We will continue to develop and improve upon our ML framework, in
order to provide a state-of-the-art simulation framework for complex soft-
matter flows, in general, and entangled polymer melts in particular. This wil
allow us to simulate and optimize redlistic polymer processing flows used
in industry. In addition, we will also apply the same methodology to other
soft matter systems, such as colloidal dispersions and cellular tissues.
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Figures adapted from Miyamoto et al., Physics of Fluids, 35, 063113 (2023)
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Principal Investigator

+ MOLINA LOPEZ John Jairo

+ Department of Chemical Engineering

+ John Molina studied Physics in Colombia, before receiving his
PhD from the University of Paris 6. He focuses on developing
computational methods to explain the complex dynamics of
Soft Matter (e.g., colloidal dispersions, cellular tissues, polymer
melts). To design next-generation Soft-Matter materials, he is
merging Machine-Learning with computational physics.

« https://sm.cheme.kyoto-u.ac.jp/
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Development of a comprehensive medical innovation program
utilizing educational methods in the field of emergency medicine
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Project Gist Keywords

Building an educational program for general ~ medical data, human resource
companies to develop human resources with  development, unmet medical
on-site sense and medical data analysis skills needs

Background and Purpose

In recent years, the use of various data generated in the
medical field has been promoted. However, the analysis can be
“misinterpreted” without considering the deviation between the
data and actual clinical situation.

In this project, participants from general companies will be invited
to provide an observation environment for emergency medical care
for variable patients, while combining educational content such as
clinical epidemiology and medical informatics. We aim to develop
a highly practical on-site observation program and connect it to
human resource development. It also aims to discover the needs
required in the medical field from the perspective of companies
and create ideas to solve them.

Project Achievements

In 2021, 3 participants and in 2022, 6 participants took this course
from general companies or health insurance services. Due to the
pandemic of COVID-19, all lectures were provided online, and site
visits were restricted. The program was implemented through trial
and error, but the feedback from the participants was generally
good, and the results were satisfactory. The results were presented
at 50th annual meeting of the Japanese Association of Acute
Medicine. We built a network between medical professionals and
the companies that participated in this project, shared new findings
obtained through the program, and prepared to advance research
leading to commercialization.

Future Prospects

In order to make the results of these two years even more solid,
we will continue to deepen exchanges, including online, with the
participants after the course. We will follow up with them so that
they will be involved in this project as instructors in the future
and aim to commercialize the ideas which were born during the
program.
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When visiting the emergency
department, during times
when patients were not
brought in, the participants
had an experience that helped
them understand the position
of medical staff and patients.
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Principal Investigator

* YUNOKI Tomoyuki

+ Department of Primary Care and Emergency Medicine, Kyoto
University Hospital

+ Dr. Yunoki graduated from Kyoto University Graduate School of Medicine.
His specialties include general emergency medicine, intensive care, acute
care surgery, cardiology, and infectious disease. He is also interested
in traditional Chinese herbal medicine as next research theme. He likes
playing the guitar, swimming, cycling, and running long distance.

- https://qqigaku.kuhp.kyoto-u.ac.jp/staffs/
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Project for the realization of a society in which children with
paroxysmal diseases can leadtheir daily lives safely
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Project Gist Keywords

Wearable ECG monitoring for a better
society where children with seizures and
paroxysmal disorders can live safely.

children, epilepsy, syncope,
paroxysmal disorders, wearable
ECG monitoring

Background and Purpose

Children with epilepsy and other paroxysmal disorders face
many restrictions in their daily lives, such as restrictions in
physical activities and being alone. Recently, Al technology
has been enabling us to predict seizures before they occur in
adults; however, the long-term ECG (electrocardiogram) and
pulse wave data has been still very little in children, which will
be required for seizure prediction analysis. In this research
project, we aimed to collect long-term ECG recording data
from children of various ages, to generate normal dataset that
will serve as a basis for detecting and predicting attacks in
paroxysmal disorders such as epilepsy.

Project Achievements

This research project is conducted in full cooperation with a
study group for pediatric epilepsy clinics in Kyoto Prefecture,
Pediatric Epilepsy Cohort Kyoto (PECK). The physicians involved
are experts in pediatric neurology and child development, and
are the substantial point of contact for paroxysmal events in
children, such as seizures, loss of consciousness, and sudden
falls. Due to the pandemic of COVID-19, we could not obtain
new recording data sufficiently. Alternatively, we analyzed
long-term EEG (electoroencephalogram) data that contained
both actual seizure events and simultaneous ECG recording
to assess the feasibility of ECG recording on seizure detection
and prediction. We are continuing to collect long-term ECG
recording as well as long-term EEG analysis.

Future Prospects

We will continue to work on the detection and prediction
of epileptic seizures by analyzing children’s long-time ECG
recordings and ECGs attached to long-time EEG recordings.
Since the ECG is now being considered to be a potential
marker of physical and mental stress, we hope that it could
become a surrogate tool for children that speaks for their
hidden discomfort and unspoken problems.

fo ] A7 TNLBHEFOVSH 1 XT,
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A wearable ECG is a palm-sized device
that is attached to the chest with an
adhesive gel pad.
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Principal Investigator

+ AWAYA Tomonari

+ Graduate School of Medicine

+ He is a pediatric neurologist/clinical geneticist with expertise
in rare genetic disorders and child development. He obtained
his Ph.D. from Kyoto University, where he worked on disease
research using iPSCs. Pediatric Epilepsy Cohort Kyoto (PECK)
is one of his activities trying to address clinical questions in a
scientific way.

« https://peck.med.kyoto-u.ac.jp/wearable.html
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Development of new treatment technology for children with
developmental disabilities through industry-government-academia

collaboration
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MAERRUVHED Background and Purpose
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We are developing an exercise support application using virtual reality that aims to
improve hand motor skills, and are verifying the system necessary for effective support.

Developmental coordination disorder is present in 5-6% of
school-aged children and affects not only motor development
but also psychological development. However, current medicine
lacks useful methods to ameliorate clumsiness. In addition,
the effect of exercise improvement can be maintained by
continuing daily treatment according to individual symptoms,
but at present it is difficult to implement due to manpower
problems. In this research, we aim to develop an exercise
support application that children can work on while having fun.

Project Achievements

Through this project, we were able to build industry-
government-academia collaboration. As a result, it became
possible to carry out research to solve the problems in the
field of rehabilitation using the technology developed in the
research field. Based on the results obtained in this project,
external funding was obtained for the development of medical
equipment. By operating as a project leader, | was able to gain
the knowledge and experience necessary for management.

Future Prospects

We will conduct research and development that incorporates
the biodesign process in order to certify exercise support
applications for treating clumsiness in children as medical
devices.
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Grip Sensor made by winding a flexible sensor sheet into a cylindrical shape

REREHR
- ARERR ANLIEH

- PhEEEE EEMER
- BN

REL TV,
- B URL  https://www.handcenter-kyoto.jp/

B RHRAFAZREFHRHABRENZRELLR
TREREFHEICTHME LT3, Virtual Reality IC
SEIEHFEIXTLERELTHN . FELPSRAET
BEICHEEIZL ALK T 2UDRENLZEREE

Principal Investigator

* IRIE Keisuke

+ Graduate School of Medicine

* He is a lecturer in Kyoto University. He is developing an exercise
support system using virtual reality, and is researching effective
support methods for people who have problems with exercise,
from children to adults.

* https://www.handcenter-kyoto.jp/
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Promotion of Industrial Application of Multi-Element Méssbauer

Spectroscopy
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Conference room of 2nd Symposium of the
Industrial Application of Méssbauer Effect
held as an on-line and on-site hybrid meeting.

Project Gist Keywords

multi-element Méssbauer
spectroscopy, chemical-state
analysis, electronic state,
magnetism, element-specific

Promotion of industrial application of
multi-element Méssbauer spectroscopy:
a useful method for element-specific
chemical-state analysis

Background and Purpose

We have been developing multi-element M&ssbauer
spectroscopy, which is quite useful for chemical-state
and magnetic-state analyses. This method can extract the
information of specific element. This method is known as a
spectroscopy especially for iron, but our method is applicable
for many elements such as Ni, Au, Dy, Eu and so on. We
have attempted for industrial application of this method for
development and evaluation of industrial materials to promote
collaboration between academia and industry.

Project Achievements

In this project we performed several activities: survey of the
demand in the industrial application, lecture of the method
to the industrial companies, introduction of the method
in the promotion event for the public, and so on. Through
these activities, we have been able to expand the connection
between the university and many companies. Finally, we boot
the “Symposium of the Industrial Application of the Mdssbauer
Effect”.

Future Prospects

We keep promoting this “Symposium of the Industrial
Application of the Méssbauer Effect” as a community for
academia and industry to exchange the information and
discuss for the method. We hope this activity will help the
material development and evaluation of products for state-of-
the-art technology in Japan.
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Principal Investigator

+ KITAO Shinji

- Institute for Integrated Radiation and Nuclear Science

+ He received PhD from Kyoto University. He works as an associate
professor at Institute for Integrated Radiation and Nuclear
Science, Kyoto University. His main research is materials science
using Méssbauer spectroscopy and experimental developments
for nuclear resonant scattering of synchrotron radiation.

« https://www.rri.kyoto-u.ac.jp/NRP/



HEREBENE & ATHE TERT 354

Attempt to level the quality of research ethics review with artificial

intelligence
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Extraction of ethical issues by Al.

Project Gist Keywords

Protecting the welfare and human
rights of research subjects by making
full use of artificial intelligence.

artificial intelligence, natural language
processing, machine learning, research
ethics, ethical review

Background and Purpose

Ethics committees exist to protect the welfare and human rights
of research subjects from research. However, in recent years in
Japan, the proliferation of ethics committees and the declining
quality of ethical reviews have become major national issues.
Therefore, in this research, in order to thoroughly enumerate
ethical points, we will develop processing technology using
artificial intelligence that comprehensively analyzes all
documents related to research, such as research protocol. The
ultimate goal is to improve the quality of ethical reviews in
Japan using the ethical review Al developed in this project.

Project Achievements

With the support of SPIRITS, we were able to sign a contract
with a company and launch a research and development team
specializing in natural language processing. In these industry-
academia teams, development technology and academic
knowledge were fused, and the predecessor of language
processing technology specialized for original research
was developed. In addition, various issues were discovered
throughout the development.

Future Prospects

In this year’s SPIRITS, we formed a development team
and discovered various complex issues when conducting
analysis from an ethical viewpoint of research ethics using
artificial intelligence. In the future, | would like to focus on the
development of program technology for solving problems and
the development of a system that can withstand thousands of
types of actual research, and proceed with development to a
level that can be implemented in society.
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Examination of new morphological analysis.
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Principal Investigator

* MORI Takuya

+ Kyoto university Hospital

- Program-Specific Assistant Professor, Ethics Support Department,
Kyoto University, Doctor of Medicine. He started his career
as a researcher by researching cell metabolism in molecular
pathology, awakened to Al development through joint research
with ATR, and is currently working hard to solve research ethical
issues in medical research using natural language processing.

+ https://kdb.iimc.kyoto-u.ac.jp/profile/ja.3c598e6a4d53e6bf.
html#display-items_basic-information
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Medical Device Development in Cardiac Disease
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Project Gist Keywords

Cardiovascular Diseases.
Medical Device Development,
iPS cell

Establishment of the Center for the
Development of Medical Devices
foriPS Cell in Cardiovascular Diseases

Background and Purpose

Regenerative medicine such as iPS cell therapy has achieved
remarkable results in recent years, but only a few of them have
been applied clinically. This situation is due to the fact that it is
seed-driven development. This may be partly due to the fact
that no strategy has been developed for the process of clinical
trials and manufacturing and marketing, starting with preclinical
studies.

This project aims to create a ecosystem that enables the
development of medical devices using iPS cells unique to
Kyoto University by using the biodesign method, a needs-
driven medical device development method, in the field of
cardiovascular diseases.

Project Achievements

A hands-on workshops on the 3D intracardiac potential
mapping system (CARTO @) was held. Although communication
between companies usually does not deepen in a short
period of time, a shared sense of purpose led to a meaningful
exchange of opinions. These led to a leap forward in the
development of catheters to inject iPS cells into the heart, and
the final concept device was decided upon.

By participating in several domestic academic conferences, it
was possible to conduct educational activities for companies
and other academia.

Through these activities, we have also received offers for joint
research from companies, and various projects have been
launched.

Future Prospects

The final concept for the catheter has been determined and is
being prepared for clinical trials. The Cardiovascular Medicine
Bridging Research Group was established in recognition of the
industry-academia collaboration in this project. | would like to
focus on encouraging and training young researchers as well
as developing the group.
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Injection with catheter in pig heart
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Principal Investigator

+ WATANABE Shin

+ Kyoto University Hospital, Department of Cardiovascular medicine

+ He received his PhD from Kyoto University in 2011. He worked
on gene therapy development and hemodynamics using large
animals in US. While being involved in the multidisciplinary
treatment of heart failure with a focus on catheterization
for valvular disease, he leads the Cardiovascular Medicine
Translational Research Group.

* http://kyoto-u-cardio.jp/rinsyokenkyu/medicaldev/
https://medtech.m.u-tokyo.ac.jp/introduction/makoto-watanabe/
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Development of upcycling methods for post-demolition wooden

building components
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ACITEMEBNRAL LY 27T LAREDRIER 217 A
Prototype of system furniture type A reusing CLT waste wood

P CLITEMEBHALZY X T LREDRESR 217 B
Prototype of system furniture type B reusing CLT waste wood

Project Gist Keywords
Development of upcycling methods for ~ Up-Cycle

post-demolition wooden building components

Background and Purpose

Sustainable construction is being sought as one means of building
a circular economy, and awareness of the resource situation and
material flow is becoming increasingly important in architectural
studies. In addition, due to international cooperation on climate
change countermeasures, interest in new wooden building
technologies such as CLT (Cross Laminated Timber), which has a
low global environmental impact, is increasing all over the world.
The view that “the generation of demolition waste is a design
flaw” demands that the materials and components that make
up a product be recyclable into another usable product upon
disassembly. The goal of this research is to create a method to add
value by upcycling components after disassembly.

Project Achievements

In addition to several on-site surveys of major domestic wood
component manufacturing companies, we also studied advanced
upcycling cases in Germany (Munich, Rosenheim and Berlin), France
(Paris), and Sweden (Onsala and Gothenburg). Based on these
researches, we proposed and made prototypes of system furniture
using offcut wood and waste wood. Through the implementation of
the project, researchers in the fields of engineering and agriculture,
as well as key players in the production of wooden buildings, such as
component manufacturers and construction companies, participated
in the project, forming an industry-academia collaborative research
team that aims to promote the recycling of wood.

Future Prospects

The team formed by SPIRITS plans to make a proposal to
companies and orgainsation that might be interested in realizing or
commercializing the prototypes for social implementation in a 1:1
scale, as well as to try to implement the prototype in architectural
and landscaping projects being planned and designed in the
KOMIYAMA laboratory.
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Principal Investigator

+ KOMIYAMA Yosuke

+ Graduate School of Engineering, ER Center/
Department of Architecture and Architectural Engineering

* Yosuke Komiyama experienced design and construction of 7-storey
building with CLT panel construction, one of the earliest cases, at a
design studio in London. After returning to Japan in 2014, he has been
engaged in architectural design and construction method development
using new wood technology such as CLT at Kyoto University.

* https://twitter.com/yosukekomiyama
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Social acceptability of carbon neutral technologies on agricultural
land and development of tools to support their introduction
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Potential assessment of Agrivoltaic systems

Project Gist Keywords

Achieve both local benefits and carbon
neutrality through transdisciplinarity.

Food self-sufficiency, energy self-
sufficiency, idle farmland, trade-offs

Background and Purpose

Agrivoltaics are attracting attention for their contribution to
carbon neutrality, economic revitalization, and achievement
of the SDGs by utilizing surplus solar radiation to crops to
generate electricity and farm in parallel. However, Agrivoltaics
challenges the trade-off between food self-sufficiency and
energy self-sufficiency through farmland use. Therefore,
optimal introduction conditions and business models need to
be studied.

Project Achievements

The project aimed to establish partnerships between industry,
government, and academia. It successfully implemented
networking between these stakeholders to address the
challenges of carbon neutrality and decarbonization. By
harnessing the tacit and local knowledge of individuals in
local governments, companies, and communities, networks
have been formed in research areas and issue groups such
as Agrivoltaics, “de-plastics,” and the Internet of “ X -Things.”
These integrated activities are currently ongoing.

Future Prospects

We are conducting projects and research to address the
challenges rural and fishing communities face. By promoting
regionally beneficial initiatives such as carbon neutrality and
creating new industries aligned with the SDGs, we strive to
contribute to resolving issues in these regions.

A BECBRBHSHEL - ERBABG ORI
Agrivoltaic Systems in harmony with agriculture

REREIEH
- RRERE BWE—

-FEEEE IxL¥—M2mER
- BCRNT

BEMRBBRF - T XX —F, BERRERI XL ¥ — LI1E8H
HTOELICH D HETEPHEBRROH SRR
DVWTHIRT 3,2014 F b 5 RERZEFHAREEEB.
2016 FELNAFENDAT— FIXLF - 2T A MR
A=y MRT) =2 IRNFX—T7—LICET 3EENIC

Principal Investigator

+ OGATA Seiichi

+ Graduate School of Energy Science

+ He specializes in policy studies and energy studies. His research
focuses on social changes accompanying the evolution of
renewable energy and information technology and their
implementation to benefit local communities.
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International Collaboration for Demonstration of Topological

Superconductors

MEAO-H> F-7-F Project Gist Keywords

IR ZEMEL CRMOBEEEME  ~FODHIVBEE IxVFv Y Unraveling unknown superconductivity ~ Topological superconductivity,
T3 HBirE by mathematical science Exotic superconductivity
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Background and Purpose

The goal of this project is to discover superconductors
with unknown properties. In particular, we will combine
mathematical methods of topology and symmetry, which have
made remarkable progress in recent years, with theoretical
methods of physics to elucidate topological superconductors
with nontrivial topology and exotic superconductors with
unknown internal degrees of freedom. We will also propose
and demonstrate new phenomena exhibited by these novel
superconductors.

Project Achievements

Through this project, we have theoretically predicted various
exotic and topological superconductors and elucidated
their mechanisms. We found that the correlation effects,
symmetry, and topology of many-body electron systems are
closely related and that these correlations can be described
mathematically and explicitly. Based on the results of this
project, we have obtained several funds, including large ones.

Future Prospects

| would like to introduce the concept of quantum geometry,
which is an extension of topology, into superconductivity
research to develop a new field of condensed matter physics.
In addition, | would like to develop new fields such as
nonreciprocal superconducting electronics, superconducting
optoelectronics, and superconducting spintronics by utilizing
the results of our theoretical research and cooperating with
experimental research.
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Principal Investigator

+ YANASE Youichi

+ Graduate School of Science

+ Materials exist in this world that is real but unknown. He is
searching for novel materials from the viewpoint of theoretical
physics. He is a father of two children.

+ http://cond.scphys.kyoto-u.ac.jp/~yanase/index-e.html
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International collaboration toward a physical understanding of the
mechanics of cell morphogenesis and embryogenesis
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Keywords

Cytoskeleton, Force generation,
Cell morphogenesis,
Embryogenesis

Project Gist

International collaboration toward
physical understanding of the
morphological transitions of animal
cells driven by the actin cytoskeleton

Background and Purpose

The developmental process starting from a single cell is
accomplished by precise spatiotemporal control of forces
generated by the actin cytoskeleton beneath the plasma
membrane. Although the key molecules involving in the force
generation have been identified, a physical mechanism of
the morphological transitions in a molecular level remains
largely unknown. Here, in collaboration with a developmental
biologist who has expertise in single molecule imaging of living
cells and a mechanical engineer developing a precise and
sophisticated computational model of the cytoskeleton, we aim
to understand the physical mechanism of the morphological
transitions of animal cells during developmental process driven
by the actin cytoskeleton.

Project Achievements

The combination of live cell single molecule imaging,
reconstitution of morphological transitions using cell-sized
lipid vesicles containing purified cytoskeletal proteins, and
computational modeling of the molecular dynamics of the actin
cytoskeleton brought us better understanding of the physical
mechanism of the morphological transitions of animal cells.
Based on the ideas and preliminary results obtained from the
SPIRITS project, we have applied for multiple research grants
and new projects have been launched.

Future Prospects

I would like to welcome students and postdocs having a wide
variety of backgrounds to my laboratory. Using the skills for
project management obtained by the SPIRITS program, |
would like to lead an international and interdisciplinary project
aiming to understand the design principles that govern the
self-organization of cell-scale ordered structures and biological
functions from molecules.
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Principal Investigator

- MIYAZAKI Makito

- The Hakubi Center for Advanced Research (Department of Physics)

- He completed doctoral degree at Kyoto University. After his
postdoctoral work, he joined Hakubi Center at Kyoto University
as a principal investigator in 2017, aiming to understand how the
life is created from molecules using a bottom-up approach. He
now holds a joint appointment as Team Reader at RIKEN BDR.

+ https://www.makitomiyazaki.info/
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Discovery of mechanical site of reaction to induce cellular

differentiation

MARZO-H> F-7—-F Project Gist Keywords
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Do mechanical manipulations from inside or outside the cell change
cell morphology and function?

function cell imaging

Background and Purpose

In multicellular organisms, differentiation of cellular
morphology and function is induced by genetic programs
or environmental factors. Molecular mechanisms that induce
differentiation mainly from gene expression and hormones
have been intensively studied. On the other hand, new
knowledge is also increasing on the mechanisms by which
differentiation-inducing signals are received via binding to cells
and extracellular substrates. This project aimed to establish
an original technology to significantly alter neuronal cell
morphology and function by using cell adhesion molecules.

Project Achievements

Through international collaboration with the Francis Crick
Institute, one of the largest biomedical research institute
in Europe, we have established a novel technique for
microinjection of magnetic nanoparticles into single cells to
manipulate cell functions and induction of synapse formation
with the technique of coating cell adhesion molecules on a
glass surface. The technology was then applied to elucidate the
release and retrieval mechanisms of neurotransmitters deeply
involved in learning and memory.

Future Prospects

Taking advantage of the knowledge, skills and human networks
gained in this SPIRITS project, | will participate in international
research programs at another university in order to become a
new project manager-type research leader.
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Examples of cell morphology changes. Different manipulations caused fan-shaped
protrusions (arrows) or large elongation in one direction (dashed lines).
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Principal Investigator

+ TANAKA Hiromitsu

+ Graduate School of Science

« Assistant professor since 2013 in Kyoto University. He is a
neuroscientist, who is focusing on synapses, where neuronal
information transmits between neurons. He tries to elucidate
the molecular mechanisms to control brain functions such as
memory and learning.

+ https://research.kyoto-u.ac.jp/documentary/d042/
https://www.youtube.com/watch?v=auVHIAwIR6s
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Investigation of nuclear feature with a strangeness degree of
freedom by real and virtual photons
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Keywords

Strangeness, Nuclei, Hypernuclei,
Photon, Virtual Photon

Project Gist

To form an international team which
investigates strangeness nuclear
properties by real and virtual photons

Background and Purpose

Matter on the earth consists of nuclei which are made of up
(u) and down (d) quarks. Are there materials containing other
types of quarks? — Yes, there are. Strange quarks (s) are heavier
elementary particles than u and d quarks. What features does
the matter with the strange quark have? In the project, a new
international team who investigates features of particles, which
have the s quarks, by using photons as tools was aimed to be
formed.

Project Achievements

Through workshops and regular meetings that we held in the
project, we obtained new findings about strangeness nuclear
matter, and got an idea for future direction in research. A
capability of the principal investigator to lead an international
team was dramatically improved. In addition, competitive
grant-in-aid was successfully obtained thanks to the results and
idea obtained in the research project.

Future Prospects

Studies on the strangeness nuclear physics will be promoted
by utilizing the grant-in-aid that we successfully obtained in
the project. Unique features would be investigated by using
real or virtual photons as tools. In addition, the international
collaboration that we built will be aimed to be further
strengthened, leading to new directions in research.

P UBICHEVWT2021F12RICHEL I —T 1 > T DED
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A photograph taken in a meeting at Sendai, Japan
(December 2021). Discussions with international
participants were made by Zoom.
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- BE URL  https://researchmap.jp/gogami

Principal Investigator
+ GOGAMI Toshiyuki
+ Graduate School of Science

L B
F + GOGAMI Toshiyuki experimentally investigates hypernuclei

which are a kind of nuclei but do not exist stably on the earth.
He likes not only exercise but also reading books, playing video
games, watching movies, going to museums, temples, and
shrines, and so on.

* https://researchmap.jp/gogami
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Inter-continental comparisons of biodiversity and ecosystem
functions in tropical white-sand forests
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A group photo after the meeting at Univeristy of Antananarivo, Madagascar
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Colleagues on white-sand ecosystems in

Ankarafantsika National park, Madagascar

Project Gist Keywords

Biodiversity in tropical white sand  Tropical white sand forest,
forests biodiversity, Madagascar

Background and Purpose

In the tropics, in addition to dense tropical rainforests, there are
forests called tropical white sand forests, which have a unique
landscape of low-height, thin-trunked trees with small hard
leaves that are developed on poor nutrient soils. Such forests
are scattered throughout Southeast Asia, South America, and
Africa, and are considered to be home to many endemic plants
and animals. The purpose of this study is to evaluate and
understand the biodiversity of such tropical white sand forests.

Project Achievements

In the beginning of this project we could not travel abroad
due to the covid-19 pandemic, during that time, we conducted
remote sensing analysis, and clarified the importance of soil
in the pattern of forest height in tropical forests, including
tropical white sand forests. In the later stage, we conducted
a preliminary survey and evaluated the valuable remaining
tropical white sand forest ecosystems. The members of this
project successfully acquired external funds (e.g. JSPS Kiban A
and B).

Future Prospects

In this project, we were able to study the ecosystem of the
precious tropical white sand forests of Madagascar, so we
would like to continue to deepen this research. In addition, we
want to expand our research into tropical forests in Asia and
South America.
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Principal Investigator

+ ONODA Yusuke

+ Graduate School of Agriculture

+ After earning a PhD degree at Tohoku University, he was post-
doc in the Netherlands and Australia before entering Kyoto
University in 2012. His specialty is forest ecology. His main
research theme is to clarify the principles that regulate the
diversity of plant traits and the various principles that regulate
forest production.

« https://sites.google.com/site/onodajp/
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Formation of international collaborative network for establishment
of novel light energy conversion technology using optical

anisotropy

mEZXO-H>2 *F-7-F Project Gist Keywords
FRErOoEBEMARELEIL T 3R AR, XL *5U 5, EHR International collaborative research  circularly polarized light, polarization
REBHHFERO 2O OEFERFERAE 71V A for development of novel polarization ~ conversion, chirality, transparent
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conversion materials generating high ~ film
purity CP light from unpolarized light

Background and Purpose

Recently, improvement of photoelectric conversion efficiency
on photovoltaics by inverse Faraday effect occurred by
irradiation of circularly polarized (CP) light have been attracted
worldwide attention. In this project, we studied CP conversion
film generating high purity CP light from unpolarized light
through international collaborative research.

Project Achievements

Through this project, we have established the novel approach,
as called luminescence-based CP convertor, enables to exhibit
high polarization degree and high light intensity, which was
difficult to achieve with existing approaches. In addition to the
paper we published on luminescence-based CP convertor,
we also got research fundings (KAKENHI, A-STEP, etc.).
Furthermore, students (PJ members) have obtained their
own research fundings (one internal and one external) by
themselves, leading to further acceleration of international
collaborative research activities.

Future Prospects

We will aim to further develop international collaborative
research involving students from both sides by utilizing the
research results and human networks obtained through the
support of this project.

4 BRKXARHEI LN -2 OBRER
Schematic illustration of luminescence-based
CP convertor
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Principal Investigator

+ OKAZAKI Yutaka

+ Graduate School of Energy Science

+ He received PhD in 2016 from Kumamoto University. He worked
at Kumamoto University (2016.3-2017.3) and University of
Bordeaux (2017.4-2018.9) as a Postdoctoral researcher and
joined in Graduate School of Energy Science at Kyoto University
as Assistant Professor (2018.10-now).

shttps://kdb.iimc.kyoto-u.ac.jp/profile_private/ja.
7ba298c9785031d2.html
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Study on the impact of smart farming on rural society using

systems analysis
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Keywords

Smart Farming, Rural Area,
Japan, Indonesia, Modeling

Project Gist
Realizing sustainable rural areas by

effectively utilizing smart farming
technology!

Background and Purpose

Amid the expected decrease in agricultural population in the
future, there is a great expectation for smart farming towards
the sustainability of agriculture. However, smart farming brings
significant changes to rural communities. This project aims to
construct models to analyze the impact of smart farming on
rural society in Japan and Indonesia, which share common
challenges but have different social conditions. At the same
time, we will build a collaboration network with Indonesian
researchers and conduct specific discussions towards future
joint research on this topic.

Project Achievements

This project was able to establish a network with a variety of
researchers from three of the best universities in Indonesia
through multiple online and face-to-face workshops to
construct models to analyze the impact of smart farming on
rural areas and to consider future joint research between the
two countries. Furthermore, through this network, we were
able to collect information on external funding sources within
Indonesia and finished the application for one research grant
provided by Indonesian government.

Future Prospects

By considering various external funding opportunities not only
within Japan but also overseas, we can greatly expand the
opportunities for joint research projects. We hope to utilize the
network established in this project to explore opportunities
for future joint research through domestic and foreign funding
sources.
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Principal Investigator

+ ONITSUKA Kenichiro

+ Graduate School of Global Environmental Studies

« After specializing in rural planning at the Graduate School of
Agriculture, Kyoto University and obtaining a Master’s degree in
Agriculture, | worked in private companies developing software.
Then, after experiencing telework in rural areas, | came up with
the idea of combining ICT and rural planning, and enrolled
in the doctoral program as a working adult to obtain a Ph.D.
in Agriculture. My research focuses on developing new rural
planning methods using ICT, or clarifying the impact of ICT on
rural areas. My hobbies include music and driving.

+ https://researchmap.jp/7000009565/
https://scholar.google.co.jp/citations?user=xMtGegQAAAAJ&h|=ja
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Brain rejuvenation through activation of neural stem cells based
on understanding of mechanistic and biochemical factors
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Keywords

Neural stem cells, Lysosome,
Quiescence, Microenvironment,
Elastic modulus

Project Gist
Understanding neural stem cell

activation from mechanistic and
biochemical factors

Background and Purpose

Neural stem cells are maintained throughout life in the adult
brains of mammals, including humans, but most of them
have ceased to function and stay in a quiescent state. Once
activated, the neural stem cells can self-renew and differentiate
into neurons. It is known that the unique surrounding
microenvironment, called the stem cell niche, regulates neural
stem cell function in the brain. We focused on brain stiffness
which changes with age and brain diseases. In this study,
we aimed to understand how brain tissue stiffness (elastic
modulus) contributes to the activation of neural stem cells
through collaborative research with a group in Korea.

Project Achievements

In collaboration with Korean brain researchers, specialists
in brain development, and atomic force microscopy
measurements of brain stiffness, we analyzed the effects of
neural stem cells during maturation and age-related changes
in brain tissue stiffness. We organized online meetings and
workshops with domestic and international researchers on
brain maturation, aging, and stiffness measurements. As a
result, we published three papers in international journals.
Moreover, the principal investigator was selected for “AMED
PRIME” in 2020 for four years and “Grants-in-Aid for Scientific
Research for Transformative Research Area A” in 2023 for five
years. We established networks that will lead our research in
the future.

Future Prospects

We plan to develop our research based on the network
established during this research grant. We will conduct joint
research at the Korean Brain Institute and organize joint
workshops with Japan and Korea. We will also promote
collaborative research and organize seminars with researchers
in the team in the Transformative Research Area.
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Principal Investigator

- KOBAYASHI Taeko

+ Graduate School of Biostudies

+ She has been conducting research at Kyoto University since she
was a graduate student. She is interested in protein homeostasis
and remodeling in neural stem cells. In addition, she enjoys her
research in raising her kids. Her hobby is playing the piano.

- https://takobayas.wixsite.com/homepage
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International research collaboration for comprehensive
understanding of immune regulation after lung transplantation
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Keywords

organ transplantation, lung,
immune reaction, rejection

Project Gist

International research collaboration
for comprehensive understanding of
immune regulation after lung
transplantation

Background and Purpose

The purpose of this project was to comprehensively understand
the mechanism of immune reaction after lung transplantation
in order to propose new target to prevent or treat rejection.
We believe this project will contribute to improve prognosis
after lung transplantation, which is worse than that after other
solid organ transplantation. The group in Kyoto University
and Washington University in St. Louis conducted the study
about ischemia-reperfusion injury and chronic rejection from
different point of view, which are both significant lung graft
injury with immune reaction in early phase and late phase after
transplantation. Two groups shared their findings to further
develop research.

Project Achievements

In Kyoto University, the role of specialized pro-resolving lipid
mediators in pulmonary ischemia-reperfusion injury was
investigated and the mouse lung transplant model of chronic
rejection induced by low-dose immunosuppressants was
established. In Washington University in St. Louis, link between
pulmonary ischemia-reperfusion injury and rejection was
investigated, which was facilitated by the research fellow from
Kyoto University conducting research in Washington University
in St. Louis. Two research groups shared and discussed their
findings. We also established the clinical database of lung
transplantation for future multi-institutional clinical study to
evaluate the factors affecting long-term lung graft function.

Future Prospects

Based on the findings about pulmonary ischemia-reperfusion
injury and rejection along with established experimental model,
we will develop our research to investigate new prophylactic
and therapeutic target to regulate chronic lung allograft
dysfunction. We will also continue to make an effort to further
develop international collaboration basic and clinical research.

WigkzpEm
WEEna - EBSEREEH EFTE L 77 RIBARR IR E 7L
Schema of international collaboration research and mouse
lung transplant model of chronic rejection established in
this project.
REEFR Principal Investigator
- RREFERE HPER + TANAKA Satona
-FIBHEE RMAREZDBMBERE FFRIHT - Department of Thoracic Surgery, Kyoto University Hospital
& = - BB SHRSREXEGFERt> 42— 4 £ THF - IIREE - After surgical training at Mitsui Memorial Hospital and Nishi-
o L = ARMEETEA. 2014 F & V) RBRFKRZR THiTEtE Kobe medical center, he started to conduct basic research
_-j‘ | MRETVELE 7Y P RZICHREZR. about lung transplantation in 2014 and spent time as a research
‘ J 2019 F & V) Bh# & U TREIRERSABIER IR & BB HERT R O fellow in Washington University in St. Louis. He is now doing
MALZBRHELTVET, both clinical service and lung transplant research as an assistant

- BE URL  https://researchmap.jp/satonat

professor.

« https://researchmap.jp/satonat
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Formation of a research team based in Thailand and ASEAN
countries for developing effective utilization techniques of biomass
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Keywords

biomass, highly-efficient power
generation, solvent treatment,
PM2.5, Southeast Asia

Project Gist

Contributing to solving environmental
problems through advanced utilization
of biomass waste in Southeast Asia

Background and Purpose

In continental Southeast Asia including Thailand, Laos, and
Myanmar etc., PM2.5, an air pollutant produced by open burning
of rice straw, rice husks, sugarcane bagasse, etc., is spreading into
urban areas by monsoons, causing respiratory diseases among
citizens, which has long been a complex transboundary issue.
We have recently developed new biomass waste conversion
technologies, which can efficiently convert biomass wastes
into electricity or useful materials. This project aims to form an
international joint research team to realize the new technologies
developed by us in ASEAN countries, which can contribute to the
suppression of PM2.5 emissions from biomass open burning.

Project Achievements

A workshop and field survey were conducted in Thailand to
investigate the PM2.5 situation in Thailand and other ASEAN
countries, the latest local technological developments in both
academia and industry, and to discuss what kind of research and
activities are required for the future as a research team. The team
succeeded in obtaining competitive external funding for their
research, and furthermore, based on the discussions during the
survey, we are preparing to try to obtain external funding with a new
team. In addition, human exchange has been promoted by accepting
a postdoc researcher and an undergraduate student from Thailand at
Kyoto University.

Future Prospects

We will actively apply for international joint research projects
in various frameworks based on the new teams formed in this
project, continuously strengthen and expand team collaboration.
In addition, with the aim of implementing the proposed new
biomass conversion technologies in Southeast Asia, we will
promote research and development to make the technologies
suitable for the local social conditions.
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Principal Investigator

+ ASHIDA Ryuichi

+ Graduate School of Engineering

- Postdoctoral Fellow at Pennsylvania State University, USA, 2004;
Assistant Professor at Kyoto University, 2005; Junior Associate
Professor at Kyoto University, 2016. He is mainly engaged in
the development of effective utilization methods for low-grade
carbonaceous resources such as biomass, brown coal, and heavy oil.

+ https://youtu.be/M1SIph1CvEOQ
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Research on high value-added chemical production and local
development through effective biomass use
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Interview with a local farmer in Irapuato City
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Interview with local farmers in Anan City. Local farmers
(Front:), SPIRITS team members (back). Dr. Alcantara is
second from right to left at the back.

Keywords

Biomass utilization, Process
innovation, Rural development,
Value-added chemicals

Project Gist

The effective use of biomass, and the
development of rural communities
through biomass utilization was studied.

Background and Purpose

This project considers the following sustainable development goals
(SDGs): Industry, Innovation, and Infrastructure (Goal 9) and Responsible
Consumption and Production (Goal 12) to effectively convert
lignocellulosic biomass into value-added chemicals suitable as additives
in pharmaceutical, cosmetic, food, and energy industries. This project
used process simulation and optimization to generate novel processes
to separate and purify ethanol, butanol, and other valuable chemicals.
Also, experimental biomass pretreatment and fermentation techniques
were studied, and an ultrasound-assisted process was proposed.
Finally, field trips in Japan and Mexico were made to understand
how people in rural communities can use biomass on-site and can
contribute to the circular economy and sustainable development.

Project Achievements

In this project, we share the research findings with the international
scientific community through the publication of scientific articles
and domestic and international conference proceedings. One team
member was awarded a Student Excellence Award. We proposed a
process development and innovation framework that can generate
novel processes that outperform current technology for separating
and purifying bio-based chemicals. The proposed framework is robust
enough that it can be used in commercial applications. Also, we
proposed an ultrasound-based biomass pretreatment method, and we
used several chemicals with less toxicity and risk compared with current
alkali pretreatment technology to find new ways to pretreat biomass.

Future Prospects

Based on the outcomes of this project, the team members can
apply for future international grants to keep studying theoretical
and experimental aspects of biomass utilization. Also, the study
of rural communities is a challenging issue to achieve sustainable
development and circular economy society. Also, the proposed
process innovation framework is robust enough. Therefore, it is
possible to apply for grants to make a Startup.
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Principal Investigator

+ Jesus Rafael ALCANTARA AVILA

+ Faculty of Engineering/Chemical Engineering Department

+ Dr. Alcantara is from Mexico. He was the principal investigator in
the Multiphase Process Engineering laboratory in the Chemical
Engineering Department at Kyoto University between 2018 and
2023. He researches new technologies for sustainable chemical
processes and likes cycling and outdoor activities.

« https://www.linkedin.com/in/j-rafael-alcantara-avila-20753912b/
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Towards sustainable resource management: an international,

interdisciplinary approach
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Keywords

sustainable resource management,
poverty alleviation, small-
scale fishers, Crab Bank, field
experiments

Project Gist

Does fishers’ participatory
management contribute to poverty
alleviation and environmental
conservation?

Background and Purpose

There is increasing concern about the depletion of fishery
resources due to overfishing and development. Particularly
in developing countries where formal institutions have not
been established, overfishing has led to a decline in catch
rates, further impoverished small-scale fishers who depend
on marine resources for their livelihoods. In this study, an
international research team will be established to explore
how fishers’ participatory resource management called “Crab
Bank,” introduced in Thailand, contributes to poverty alleviation
and environmental conservation by enhancing trust and
cooperation among fishers.

Project Achievements

Thanks to support from the SPIRITS, we have successfully
expanded our research networks and acquired new research
grants. By spending much time together on field trips in
Thailand and Japan, we have built great friendships among
our team. The field experiments conducted in small-scale
fishing communities in Thailand provided the first evidence
that participation in Crab Bank activities can promote trust and
cooperation among fishers. The result offers hints for future
research initiatives.

Future Prospects

| want to clarify how adopting sustainable resource
management practices in a fishing community influences
shifting local norms on cooperation and explore how these
new norms can be spread geographically over a wide area.
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Principal Investigator

- MITANI Yohei

- Graduate School of Agriculture

- His research interests include experimental, behavioral,
environmental, development, and forest economics. Prior to coming
to Kyoto University, he worked at the UMB School of Economics
and Business at the Norwegian University of Life Sciences and at the
Institute of Behavioral Science at the University of Colorado, Boulder.

+ https://sites.google.com/site/yoheimitani/
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Establishment of an international collaborative research team
for the development of peptide-based biopesticides utilizing
unexploited venomous organisms in the Asian and African regions
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Project Gist Keywords

Discovery of unique insecticidal venomous animal, bioactive

peptides from venomous animals  peptide, neurotoxin, scorpion,
found in Asian and African Regions  spider

Background and Purpose

Insecticidal peptides present in the venom of scorpions and spiders
are known to act specifically on insects. Due to this characteristic,
these peptides are expected to be practically used as biopesticides in
the near future. However, the number of venomous animals is limited
in Japan. Many venomous animals, including scorpions and spiders,
inhabit the Asian and African regions, most of which have not been
studied for their venoms. Therefore, venom of these animals can be
useful sources of insecticidal peptides. In this study, we investigated
the venoms of scorpions and spiders found in Egypt and Vietnam to
identify insecticidal peptides that have unique structures and functions.

Project Achievements

In collaboration with researchers in Egypt, we analyzed the venom of
scorpions and spiders, and successfully identified two peptides that
exhibits insecticidal activity from scorpion venom and a peptide that
exhibits both insecticidal and antimicrobial properties from spider
venom. In addition, we could obtain a comprehensive picture of the
components using mass spectrometry using a very small amount of
venom collected from Vietnamese scorpion specimens preserved in
alcohol, in collaboration with researchers in Vietnam. Through these
studies, we were able to establish a strong collaborative research
network to study insecticidal peptides from venomous animals in
African and Asian regions, which had not been investigated before.

Future Prospects

| would like to further analyze scorpion and spider venoms from Egypt
and Vietnam to identify new insecticidal peptides of various structures.
In addition, | would also like to start studies of venomous organisms
other than scorpions and spiders to search for insecticidal peptides as
well as other bioactive peptides. At the same time, | would like to help
my collaborators improve their research environment and establish an
efficient collaborative research network.
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Specimens of Vietnamese scorpions used in
the experiment of this project
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Principal Investigator

+ MIYASHITA Masahiro

+ Graduate School of Agriculture

+ He has been working on identification of bioactive peptides.
He first worked on the venom of scorpions in Japan and more
recently on that of spiders. He belonged to a university soccer
team when he was a student (he is now the head of the team).

+ http://www.seicho.kais.kyoto-u.ac.jp/
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Transdisciplinary studies on domestication motivated by
smallholder environmental and health consciousness
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Keywords

Asia, food system, globalization,
inter-disciplinary studies, smallholders

Project Gist

To investigate new food systems
developed by the smallholders

Background and Purpose

Serious problems have emerged in the fields of agriculture
and nutrition, such as environmental degradation, smallholder
marginalization, and threats to food safety. One reason for
these emerging problems is the huge and complex food
system. This project investigated the structure and background
of a newly developed food system based on the environmental
and health consciousness of smallholders in Asian countries,
with the aim of suggesting approaches for securing fair and
sustainable agriculture and nutrition.

Project Achievements

Field studies were conducted on a new food system developed
by smallholders, together with Can Tho University in Vietnam
and the National University of Laos in the Lao People’s
Democratic Republic. A memorandum of understanding was
concluded between Can Tho University and Kyoto University,
and topics for future collaboration were discussed.

Eight open seminars were held, and various themes including
domestication, the cultural food industry, tea food systems,
food preferences, swidden cultivation, producer-consumer
relationships, and changes in agriculture and rural areas were
discussed among the 20-30 participants.

Future Prospects

We will promote the joint studies with Can Tho University
in Vietnam, and National University of Laos in Lao PDR with
applying other funds such as JSPS KAKENHI. We will also
continue to organize open seminars to discuss agriculture and
nutrition from the inter-disciplinary perspectives.
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. MOU signing ceremony with the guests from Can
Tho University in Vietnam on 20th March, 2023.
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Principal Investigator

+ KOSAKA Yasuyuki

+ Graduate School of Asian and African Area Studies

+ He graduated from Kyoto University, and studies changes in the
natural environment, modernization of agriculture, depopulation
of rural villages, and changes in food systems in Asia, by focusing
on the relationships between humans and plants.

* https://www.asia.asafas.kyoto-u.ac.jp/?p=33
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Keywords

deep brain stimulation,
transcranical, primates,
perceptual learning

Project Gist

Manipulation of brain activity by
deep brain stimulation using organic
devices

Background and Purpose

The brain wave is always traveling. In recent years, it has
become clear that this spontaneous activity is not just noise,
but that certain patterns are latent and that these state changes
are involved in perception and learning. An international joint
research team consisting of researchers from four countries
has been established to investigate the effects of manipulating
spontaneous brain activity by electrical transcranical stimulation
on perceptual learning.

Project Achievements

With the support of the SPIRITS project, we were able to
establish an international collaborative research network
among four research institutes in Japan, France, Hungary and
Canada. In the first year, two European teams, whose travel
restrictions were lifted, conducted collaborative experiments
using rodents, and in the second year, we could conduct a
collaborative experiment using non-human primates at Kyoto
University, with a young researcher from Hungary. The project
also led to the acquisition of research grants.

Future Prospects

We would like to continue the international collaborative
research network formed over the past two years, which will
lead to the publication of research results in co-authored
papers.

4 HREBROLST
Collaborative experiment

REREWR
- RRERE BibRRE

cFIEERE b MIEELRE L & —
- BCRNT

UM ARZELBEE, RBAFELMARELRIZET,
1t (E¥), E EECERFOBEPEEHICHADS
HMRERY T —ZICEKREF > TWET, b FOBEED
MRIZEBR®H LD EECRERPRBEETIVORE
BEHRABFEERVTRAREL TVWET,
- BE URL  https://researchmap.jp/konoike?lang=ja

Principal Investigator

+ KONOIKE Naho

+ Center for the Evolutionary Origins for Human Behavior

+ She has been interested in neural networks involved in emotion
and communication in primates. She is studying them using a
variety of techniques, including functional MRI experiments in
humans, brain activity recording experiments in monkeys, and
the development of animal models of psychiatric diseases.

* https://researchmap.jp/konoike?lang=en
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Advanced Analytics for Modeling and Predicting Abnormalities in

Animal Behavior
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Keywords

animal welfare, behavior
analytics, stereotypy, abnormal
behavior, zoos and aquariums

Project Gist

Building a network of conscientious
researchers toward improved animal
welfare monitoring and assessment
through behavioral analytics

Background and Purpose

There is growing recognition that animals of all kinds experience rich,
cognitively diverse, and emotional lives. Keeping animals at zoos and
aquariums thus requires considerable investment into ensuring their
needs are adequately taken care of. Yet, the world over, animals at such
facilities display various behavior patterns, such as abnormal repetitive
behavior (behavioral stereotypies), that indicate an underlying problem.
Even in cases where abnormal behavior is not shown, animals may lack
the stimulation required to live healthy emotional and physical lives. This
project was designed to provide a novel set of behavioral indicators that
can be applied in zoo and aquarium settings to monitor and assess the
welfare status of various animal species. We built an international network
for this purpose, with partners in both Japan and the USA, to provide new
tools to support animal welfare at these and other zoological facilities.

Project Achievements

The most important outcome of this project was building an international
team that is now working to develop international standards for animal
welfare monitoring and assessment, involving zoological institutions in
Japan, the USA and the UK. | launched an international project called
Zooentropy (www.zooentropy.net) based on this collaboration, as a
way of showcasing our results and ideas, growing our network, and
disseminating results through our website to scientists and the public. |
and others on the team presented early results of our behavior analyses
and our research framework at domestic and international conferences,
and we hosted an international hybrid symposium on animal welfare
science at Kyoto City Zoo that attracted over 250 participants. | am
currently working on the first manuscript from this project, and we
are now applying for international grants (Kakenhi in Japan and via our
partners elsewhere) to grow this international collaborative research.

Future Prospects

Using this SPIRITS project and Zooentropy as a launchpad, | want
to use our new network to implement behavior analytics for animal
welfare globally. Ideally, our work will lead to new standards for welfare
assessment, and technology development to facilitate efficient and
objective assessment worldwide. One key goal | have is to develop
the pipeline for analysis and work with engineers to facilitate its
implementation more broadly.
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Principal Investigator

* MACINTOSH Andrew

- Wildlife Research Center

+ Andrew Maclntosh is a behavioral ecologist from Canada who
has studied many primates, penguins and other species in the
wild. He hopes to use his skill set in behavior analysis for the
improvement of captive animal welfare. He is passionate about
science and animals, about science communication, and about
networking for improved outcomes in applied animal science.

* https://www.zooentropy.net
https://www.macintoshlab.com
https://www.theprimatecast.com
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Intracellular NO gas detection with single live-cell endoscopy
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lllustration of NO release at a single live-cell with a nanowire probe

Keywords

Intracellular nitric oxide, Photo-
active materials, Nanowire single
live-cell endoscopy

Project Gist
Unraveling the behavior of

intracellular nitric oxide (NO) in
living cells

Background and Purpose

Nitric oxide (NO), an important signaling mediator bioactive
gas molecule, is known to facilitate intercellular communication
in living organisms. However, due to its properties such as
invisibility and very rapid diffusion, the applications of NO
in developing NO-based therapeutic drugs and treatment
methods are limited. This project aims to overcome these
limitations by integrating photo-responsive NO release materials
with nanowire single live-cell endoscopy technique, which leads
to a detailed investigation of intracellular NO behavior.

Project Achievements

This project was a collaborative research effort involving
members from iCeMS, Kyoto University, specializing in material
synthesis, and KU Leuven in Belgium, specializing in microscopy
techniques. We successfully created a photosensitive NO release
nanowire probe which realized releasing nitric oxide (NO)
with controlled timing and location. By applying this novel NO
release probe to the nanowire endoscopy technique, we were
able to observe the release of NO on a single-cell membrane.
Throughout the project period, symposiums were held once at
Kyoto University and once at KU Leuven, and we successfully
created a research network. Additionally, this project led to the
acquisition of two new external funds, including KAKENHI.

Future Prospects

In the future, our aim is to use the developed method to release
NO in smooth muscle cells under conditions that are closer to the
environment found in living organisms. This will allow us to unravel
the detailed behavior of intracellular NO. Additionally, we plan to
apply for new international collaborative research funding based
on the research network that was formed during this project.
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Principal Investigator

+ INOSE Tomoko

+ The Hakubi Center/ Institute for Advanced Study

+ Tomoko Inose is an associate professor at the HAKUBI Center
of Kyoto University. After obtaining her PhD from Osaka
University, Dr. Inose learned nanowire single live-cell endoscopy
technique at Hokkaido University. She started her independent
research career at the HAKUBI Center in 2023. Her expertise is
photochemistry and surface chemistry.

« https://theinosegroup.wordpress.com/
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Investigating the Theoretical and Practical Ramifications of
‘Transformative Experiences’: Towards a Unified Approach
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Keywords

Transformative Experience;
Philosophy; Anthropology;
Trauma; Education

Project Gist

In this project we investigated the concept of
transformative experience through a blend of
philosophical theory and engagement with
specific cases, working across the disciplinary
boundaries of philosophy and anthropology.

Background and Purpose

A ‘transformative experience’ is an event which brings about a
substantive change to a person’s worldview or deeply held values.
How are such experiences to be understood, what are their value,
and what ramifications should they have for our conception of the
self? In this project we approached these questions from a range
of disciplinary perspectives, putting philosophy in conversation with
film studies and anthropology.

Project Achievements

Through this project we have formed a new research group within
Kyoto university focusing on the ethics of the everyday, which aims
to develop a new way doing of philosophy in which sensitivity to
the philosophical significance of everyday experience is cultivated.
Connecting researchers in Ethics, Education studies, Japanese
philosophy and psychology, this group aims to build up a new
approach to philosophy, which connects directly to the everyday
experience of people.

Future Prospects

We hope to provide a platform for “ordinary people” (a concept that
itself will be problematized) to be able to share their experiences of
living through and with trauma, to allow their insights and perspectives
to help inform the articulation of a language adequate to the
understanding of the range of depth of human experience. By creating
such a space, we hope to foster people’s sensitivity to unacknowledged
or hidden suffering in the lives of others, and to improve their capacity
to listen respectfully and non-judgmentally to others. We will do so by
applying for further grants to establish this field, and to engage with
non-governmental organisations who document everyday experience.
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Principal Investigator

- CAMPBELL Michael

- Department of Ethics, Graduate School of Letters

+ Michael Campbell’s research is focused on the intersection
between the philosophy of mind and ethics, with a particular
emphasis on theorizing trauma. He also works on the philosophy
of Ludwig Wittgenstein and Peter Winch.

+ Research Field: Philosophy of Mind, Ethics

* https://mwmcampbell.wixsite.com/my-site
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International Research Group for Rock Physics for Fractures
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Keywords

Rock Physics, Geothermal, Volcano,
Earthquake, Imaging technology

Project Gist

Elucidating invisible subsurface
structure with the “eyes” of Rock Physics

Background and Purpose

For the development of geothermal and other earth resources,
we need to monitor the subsurface structure to mitigate the
risk (such as induced seismicity). However, since the actual
subsurface structures cannot be visualized, the only way to
estimate subsurface conditions is indirectly monitoring using
remote observations (geophysical technique). In this project,
in order to link fluid flow in fractures with observable rock
physical properties (seismic velocity and electrical resistivity),
we aim to create the world’s first research team of rock physics
for fracture research, with the goal of developing a practical
model of rock physical properties by young researchers and
students led by a leading rock fracture researcher and a world
authority on rock physics.

Project Achievements

We were able to create a foundation for collaboration
that combined the knowledge, experience, and personal
connections of the Japanese and U.S. members. The study
group formed as part of this project were also more successful
than expected, increasing the number of members to about
five times the initial number, and developing into many joint
research teams. Many of these collaborative research projects
are still in progress, but we expect to publish many international
co-authored papers in the future. In addition, active discussions
are ongoing among highly-motivated young researchers
to develop this team into a large Grant-in-Aid for Scientific
Research project, which contribute to the development of earth
resources and understanding of active tectonics.

Future Prospects

The young researchers gathered in this project are highly
motivated and engaged in active discussions aimed at
elucidating subsurface geophysical properties of complex
subsurface systems, not limited to rock fractures. The project
plans to create new joint research teams, apply for large
research grants, and propose sessions at international
conferences.
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Local fluid-flow behavior in the various digital rocks
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Principal Investigator

+ SAWAYAMA Kazuki

+ Graduate School of Science

+ He received a Ph.D. from Kyushu University in 2021, and started
a position as an assistant professor at Kyoto University. He has
been making active contributions to rock physics and organizing its
study group. He now engages in a NEDO project for geothermal
development and also the Slow-to-Fast Earthquakes Project.

+ http://www.vgs.kyoto-u.ac.jp/idi/sawayama/
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International Joint Research on Bio-CCUS for Realization of Carbon

Neutrality
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Keywords

CO, reductase, Carbon dioxide capture
and utilization, Redox enzyme,
Electron transfer

Project Gist

Realizing carbon neutrality with
superior biocatalysts

Background and Purpose

Technology to capture, store, and utilize carbon dioxide
(CCUS) is needed around the world to achieve carbon
neutrality by 2050. We hope to contribute to the realization
of a sustainable world by focusing on advanced biocatalytic
functions created by nature. In this research, we aim to create
a “bio-CCU” characterized by the direct utilization of CO; into
resources from the atmosphere by utilizing redox enzymes
(CO, reductases) that can efficiently convert CO, into resources
under mild conditions.

Project Achievements

We promoted international collaboration with research groups
at CNRS, a national research institute in France, to realize a
bio-CCU. In addition to young researchers representing each
other, doctoral and master’s students, who will lead the next
generation of each group, participated in this project to form a
network for innovative research. We succeeded in elucidating
the steric structure and reaction mechanism of a key enzyme
for bio-CCU, which was accepted for publication in the Outside
Front Cover of an international journal (ChemComm) and
published in a press release from Kyoto University.

Future Prospects

We would like to contribute to carbon neutrality by utilizing
the advanced functions of superior biocatalysts, and would
like to further accelerate international joint research for social
implementation by combining the wisdom of research groups
in Japan and France.

4 XERBEKFEBER FoDH1 DILMEE E BB D EFRET I
3-D structure and multiple electron transfer pathways of
formate dehydrogenase FoDH1
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Principal Investigator

+ SOWA Keisei

- Division of Applied Life Sciences, Graduate School of Agriculture

- Keisei Sowa is an assistant professor at Kyoto University. Since
he took the position in January 2021, he aims to understand
the essence of key functions of living organisms (respiration,
metabolisms, and photosynthesis) from the viewpoint of
bioelectrochemistry and to contribute to society through
biomimetic technology.

+ http://www.bapc.kais.kyoto-u.ac.jp/
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International collaborative research to identify genes responsible

for seedlessness of chili pepper
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Keywords

Chili pepper, Sweet pepper, Seedless
fruit, Processing vegetable

Project Gist

Clarify the responsible gene for
seedlessness in chili peppers

Background and Purpose

The breeding of seedless fruit cultivars is an important
challenge that leads not only the ease of eating, but also to
the reduction of industrial waste and the improvement of
production efficiency in fruit processing industry, which has
been in increasing demand worldwide.

We accidentally discovered a sweet pepper strain that stably
produce seedless fruits. In the current project, we performed
genetic analysis using the strain, aiming to identify the
responsible gene for seedlessness in the chili peppers.

Project Achievements

Through joint research with Seoul National University (SNU),
which is a leading research group in genetic breeding research
of Solanaceae crops, we have found loci which reduce the
number of seed number in chili pepper fruits. In addition, we
have promoted international research exchanges through the
short-term student training in SNU and the mini-symposium at
Kyoto University. Thanks to support of this project, a research
network was formed with SNU. This will be the foundation to
expand further joint research project focusing on not only
seedlessness but also other agronomic traits.

Future Prospects

We will continue the collaborative research with Seoul National
University that was launched in this project, aim to identify
the gene responsible for seedlessness, and publish a journal
paper. We will expand joint research with other overseas
research institutes by obtaining external funds such as overseas
collaborative research and bilateral exchanges.
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Principal Investigator

+ TANAKA Yoshiyuki

+ Graduate School of Agriculture

+ He graduated from Kyoto University. After being a post-doc in
Kyoto Sangyo University, he moved Okayama University as an
Assistant Professor in 2013, and became an Associate Professor
in 2017. He came back to Kyoto University in 2019. He studies
genetic improvement for capsaicin and its analogs in chili
pepper, and evolution of capsaicin biosynthesis.

« http://www.hort.kais.kyoto-u.ac.jp/
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Development of high power mid-IR lasers for zeptosecond particle

physics
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Fig. 1 The proposed novel method to measure the lifetime of para-positronium.

IAP: isolated attosecond pulses, Ps: positronium
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Keywords

mid-IR laser, high harmonic generation,
attosecond physics, particle physics

Project Gist

Pioneering a novel particle
physics in the time domain

Background and Purpose

It has been considered that the methodology of attosecond
physics, which is developing rapidly, cannot be applied to
the study of fundamental physics such as particle physics and
nuclear physics. In the field of fundamental physics, on the
other hand, a new methodology is required because of the
difficulty in building larger accelerators. In the present study,
we establish a novel methodology, directly investigating the
problems in fundamental physics by measuring the lifetime
of nontrivial unstable particles such as positroniums, Yukawa
mesons, etc. with attosecond temporal resolution (Fig.1).

Project Achievements

Because of the exceptionally short duration (1 year) of the
project, which is also the first year after the inauguration of our
Lab., the original plan was limited to the development of the
mid-IR optical parametric amplifier. In this period, designing
and procuring optical crystals and components for the laser,
optimization of the pump laser by a researcher from Vienna
Univ. of Tech., and developing mid-IR optical parametric
amplifier have been completed as planned (Fig. 2). The related
results were published as one treatise and were presented as
one invited paper and four contributed presentations at two
international conferences. Finally, with the related subject,
the principal investigator has been selected for Grant-in-Aid
for Scientific Research (B), Japan Society for the Promotion of
Science in 2023.

Future Prospects

In addition to the international collaboration between Kyoto
Univ. and Vienna Univ. of Tech., which was supported by
SPIRITS, we will expand the related international collaborations
with other foreign research institutes and universities by using
e.g., bilateral programs of JSPS. With the developed system, we
will demonstrate unexplored time resolution with the method
of ultrafast imaging [T. Kanai et al., Nature 435, 470 (2005)].
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Fig. 2

(a)The high-power mid-IR laser/attosecond spectroscopic system under development.
(b) A typical spectrum of the developed 4-micron optical parametric amplifier.
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Principal Investigator

+ KANAI Tsuneto

+ Institute for Chemical Research

- Dr. Kanai received his Ph.D. from the University of Tokyo. He
studied attosecond physics at Vienna Univ. of Technology
(Austria), Imperial College London (UK), Institut de Ciéncies
Fotdniques (Spain), etc.. One of his present topics is to establish
a new methodology for the study of elementary particle physics
by utilizing the ultimate temporal resolution of attosecond
spectroscopy.
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Launching a new platform for international collaborations to
explore evolutionary origins of social cognition
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Keywords

Social cognition, Comparative
Cognitive Science, Primate,
Evolution, International platform

Project Gist
Launching a new platform for

international collaborations to explore
evolutionary origins of social cognition

Background and Purpose

Environment surrounding us is full of complexity. One of the
most important stimuli in our environment is belong to social
domain. We human adjust or modify our own behaviors
according to social factors in a collaborative manner or sometime
in a competitive manner to better perform in our daily life. The
cognitive abilities which allow us to do so is specifically called
social cognition. By exploring evolutionary origins of such social
cognition, we could better depict our own characteristics from
the biological perspective. In this project, therefore, we aim to
launch up an international platform to explore primate origins of
human social cognition.

Project Achievements

We had mutual visits between the Center for the Evolutionary
Origins of Human Behavior (EHUB), Kyoto University and
Language Research Center (LRC), Georgia State University
to share the current setups in our laboratories and on-going
projects to further discuss and frame a better scope of stable
collaboration. Unfortunately, we could not hold large-scale
research conferences due to the COVID-19 impact. We, however,
successfully made individual visits to multiple researchers in
multiple institutions to expand and strengthen our international
platform to explore primate origins of social cognition.
Meanwhile, we launched up the first model case of collaboration
between LRC and EHUB targeting primate origins of empathy.

Future Prospects

We have successfully established an international team focusing
on primate origins of social cognition with an access to two ape
species (chimpanzees and bonobos), two macaque species
(rhesus monkeys and Japanese monkeys), and capuchin
monkeys. We are now making proposals to apply for some funds
to sustainably operate and develop our international platform.
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Principal Investigator

+ ADACHI Ikuma

- Center for the Evolutionary Origins of Human Behavior

*He earned his doctorate on his comparative cognitive
approaches to concept formation in nonhumans in Graduate
School of Letters, Kyoto University. His long-term research goal
is to better understand the evolution of cognitive abilities in
human and nonhumans. He recently explores primate origins of
cognitive abilities underlying social interaction.
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