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[International Leading Research]

Establishing Spatiotemporal Linguistics: A New Approach to the
Interdisciplinary Study of Language History and Human Movement

National Museum of Ethnology, Department for Advanced Human Sciences,
Principal Professor

Investigator | KIKUSAWA Ritsuko
Researcher Number : 90272616

Project Number : 24K23937

Project Project Period (FY) : 2024-2030
Information | Keywords : Language change, time and space, GIS, correlation between
linguistic and non-linguistic data

Purpose and Significance of the Research

® To establish a novel research domain focused on language change, utilizing
geographical information. The objective of this initiative is to enhance the existing
research methodology by reversing the traditional approach, which is predicated on a
time-axis delineating phylogenetic relationships, to a novel approach based on a
spatial-axis that maps out the phylogenetic relationships from geographical
information. To this end, a dual-pronged approach will be adopted: Firstly, the
development of research tools that make use of GIS; and secondly, the promotion of
research on specific research questions. The 7,000 languages of the world reflect
different environments, cultures and histories, and knowledge of the history of their
development is also socially S|gn|f|cant in that it leads to acceptance of diversity.

® To develop a system that enables cross-
searching across a range of disparate
language datasets, which are currently
operating in a state of independence from one
another. This will include both spoken and signed
language data, as well as both structured and
non-structured data. The final product will assist
linguists in analyzing data and will inform future
analyses in which human researchers and Al
collaborate, thereby establishing foundations for
additional future methods.

Language A (Recordings)
Language A (Text data)
Language C (Video data)

Language B (Lexicon) -
Language A (Lexicon) F =

Fig.1 Integrating Disparate
Language Datasets

through Geographical spA‘
Information =020
® Methodology development: Micro- to W e
Macro-, across language families and sl e

beyond. The evolution of languages is
influenced by a multitude of factors,
including internal linguistic elements,
human activities, the natural environment,
and cultural contexts. This initiative will
examine language data from diverse
geographical regions. By transcending the
existing limitations in data and
collaborating with specialists in related
fields, two objectives are being pursued. First, we seek to acquire a more profound
understanding of the underlying mechanisms of language change. Secondly, we aim to
establish a novel paradigm for the study of language evolution.

on of Research Flelds

Fig.2 Interdisciplinary Study Leading
to the Establishment of A New
Research Field

Organization of the Project Team

*  build a new research tool

 The members include specialists in

. quantitative linguistics and GIS, data

' management specialists of large

* international repositories, and those who
. have created and manage advanced

i spoken and sign language databases.
. Those from developing countries will

© ensure the relevance and utility of the
. system for researchers working in

i diverse research environments.

United States

The core team includes specialists in historical
linguistics, historical-geographical linguistics,
linguistic typology, quantitative and computational
linguistics, geography, archaeology, genetics,
statistics, and other relevant fields. It started in
2016 and has gradually evolved into its current
form.

Plan for Fostering Early-career Researchers (ECRS)

® As the "nodes" in this international research network, ECRs will connect
researchers and datasets and provide feedback to the grid. In doing so, they will build
their own international network, but also evaluate the data and tools from perspectives
other than their own needs. ECRs will have a good opportunity to understand the
characteristics of each dataset, to learn, and to develop ideas about the potential of
the tool. This will ultimately lead them to create new perspectives where traditional
and new methods are integrated to maximize the use of the new database interface.

® Engaging in field-based language research will be an opportunity to learn the
difference between “languages” as they appear in data and “languages” as they are
actually used in everyday life by living people.

® Planning and conducting seminars for university students and scholars from
countries where information science is not yet established will provide ERCs with
the opportunity to review, renew, and develop their own knowledge and skills both in
their own field and about this interdisciplinary research.

Fig.3 Converting Field Data to Digitized Maps

Homepage

Address, etc. In preparation




[International Leading Research]

Elucidating the Universe's Creation with Neutrinos based on
International Science Collaborations

Kyoto University, Graduate School of Science, Professor

Principal .
Investigator NAKAYA Tsuyoshi
Researcher Number : 50314175
) Project Number : 24K23938
Project

Project Period (FY) : 2024-2030

Information Keywords : Neutrino, Universe, Particle Physics, Inflation, Antimatter

Purpose and Significance of the Research

Connecting particle physics and astrophysics by using neutrinos, we study how the
universe has been evolved from the "quantum fluctuations" in the early universe as
shown in Fig. 1. We will attack the outstanding problems in the study of the early
universe: inflation, the dark matter, the origin of the asymmetry between matter and
antimatter, and the massive black holes. Those problems are addressed by the most-
advanced neutrino experiment Hyper-Kamiokande, the CMB telescope Simons
Observatory, the dark matter experiment XENON, and the cosmic neutrino telescope
IceCube. A major synergistic effect can be achieved by consolidating the development
of state-of-the-art technologies (photodetectors, electronic circuits, large-scale data,
and AI development and analysis). This proposed system will support young
researchers under an independent research environment and to circulate beyond their
respective experiments and foster the next generation international researchers.

Dark Matter CMB

XENONNT et al. Simons Observatory et al.

v CP-violation
Hyper-Kamiokande et al.

V Astronomy
IceCube et al.

International
ollaboration

forv

fluctuation

*proto . Formed,
i

Firs lf tarts & Galaxies Form
iModern.Universe:

| i
0.01s 3 min 380,000 yrs 200 million yrs h g
Age of the Universe 13.8 Billion yrs
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Fig.1 Mystery of the universe's creation and its research subjects

Organization of the Project Team

Four international experiment projects shown in Fig. 2 cooperate through the
development of cutting-edge technology and comprehensively challenge the mysteries of
the universe’s creation in collaboration with theorists.

@ Hyper-Kamiokande experiment: An international experiment hosted in Japan.

Electronics will be built at CERN in Europe, and the detector will be assembled in Japan.
®IceCube Neutrino Telescope: in Antarctica. A center at the University of Wisconsin.
@ Simos Observatory CMB Telescope: in Chile. A center at Princeton University.
® XENON Dark Matter Experiment : hosted in Italy. The international collaboration.

Electronics Theoretical

and DAQ physics
M ] Neutrino
Neutring d¢tectors (SK/T2K/HK } » CP violation
Neutrino tel¢scopes (IceCube/Gen2) ] » Black hole Elucidating

Universe's Creation
with Neutrinos

CMB telescopes (S(O/GB)

) £ ataion
e

Dark matter detectors (XENON)

Data analysis
using AI/ML

Cutting-edge detector
technologies

Fig.2 Framework of the International Project Organization

Plan for Fostering Early-career Researchers
With more than 30 young researchers in the program each year, this international
research is promoted. A young researcher development program shown in Fig. 3
consists of ‘fostering expertise’, ‘fostering internationalization’ and ‘broadening horizons'.
® Fostering expertise: Education is provided through the creation of a cross-project
advanced technology consortium of experts.
® Fostering internationality: Provide opportunities for international joint research.
About ten (five) students for a short (medium to long ) period overseas study each year.
® Broadening of horizons: Cross-project fellowships are offered.

Next Generation Leaders & Projects

Ovérseas:

Exchange Et’:'/gﬁe
. T o o
i - Sxperincé
o Ovemasﬁ
/ exchange
technolo : : o, - Y ;
. . T O

Fig.3 Young researcher development prc;gram

Homepage https://www-he.scphys.kyoto-u.ac.jp/index.html2. https://www-he.scphys.kyoto-
Address, etc. | u.ac.jp/nuintadv/en




[International Leading Research]

Development of the Energy Frontier and International Human
Resources toward a Unified Understanding of Interaction

High Energy Accelerator Research Organization (KEK), Executive Director

HANAGAKI Kazunori
Researcher Number : 40448072

Principal
Investigator

Project Number : 24K23939

Project Project Period (FY) : 2024-2030
Information | Keywords : Energy Frontier Exp., Superconducting Technology,
Detector R&Ds for Particle Physics

Purpose and Significance of the Research

This research aims to unveil the Higgs mechanism, a major mystery in modern particle
physics, and detect signs of supersymmetry to explore phenomena beyond the Standard
Model. The ultimate goal is to establish a unified theory of physics, valid at energy scales
above 101> GeV, such as a Grand Unified Theory unifying electromagnetic, weak, and
strong interactions (Figure 1). Despite the discovery of the Higgs boson, its full nature
remains unclear, including the origins of fermion generations and the shape of the Higgs

prompting speculation about other Higgs bosons or supersymmetry behind it.
Understanding the Higgs field will be a key challenge in particle physics over the next
decades. This research develops talent to lead international projects, advances detector
technologies, and positions Japan to spearhead future energy frontier experiments like
the Higgs factory (Figure 2). Three research domains are prioritized:

Physics: Utilize high-statistics data and Al to enhance precision and discover new
physics by comparing measurements with precise theoretical predictions.

Superconducting Magnet: Revive aluminum-stabilized NbTi wire production, apply
stabilization techniques to new materials like ReBCO, evaluate radiation resistance, and
develop magnets exceeding 10 T.

Detector: Develop radiation-resistant MAPS through TCAD simulations, evaluate

prototypes via irradiation tests, and explore integrating advanced FPGA-based trigger

technologies.
Unification of Force
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Electromagnetic Force
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Fig.2 Research roadmap towards Higgs Factory
conducted by this program.
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Fig.1 Path towards unification
of fundamental forces.

potential. Unlike the gauge principle, the Higgs field is incorporated into theory “by hand”,

Organization of the Project Team

Energy frontier experiments require international collaboration due to their scale, but
intense competition for leadership arises. To maintain Japan's presence, long-term
research plans and talent development are vital.

This project focuses on unraveling the mysteries of the Higgs potential and searching for
supersymmetry, led by LHC experts. By involving young and international researchers in
next-generation detector technologies, Japan aims to lead post-HL-LHC energy frontier
efforts. Key domains — “physics,” “superconducting magnets,” and “detectors”

"WP B: Youth Fostering | WP C: Detector —will foster the next
i;;;:zanducting for Ngxt Colllders MAPS Sensor RED ‘ 'ngla;'::f: generation of

Rad-Hard

s tirose, researchers through
interdisciplinary
collaboration.
Leveraging
international networks,
this program will
nurture globally
capable researchers to
EFT = Search Priorities Iead fUtur_e prOJects

o e like the Higgs factory.
Phenomenology

G. Heinrich, M. Mihlleitner
KIT, Germany

Magnet Prototyping ’ ‘l‘

T.Shen. LBNL, US

Rad-Hard  Rad-Hard
HTS Devel High-Field

EW SUSY Discovery

H. Oide, KEK

Theoretical <=
Uncertainties

T. Masubuchi, Tokyo-U

Fig.3 Organization of this research program

Plan for Fostering Early-career Researchers

The fostering plan focuses on two main pillars to nurture future leaders in the field:
1. Training researchers to tackle cutting-edge technologies international schools
and programs encouraging young scientists to pursue innovative new technologies.
2. Developing particle physics researchers with hands-on experience ranging from

manufacturing to project construction and new experiment operations, equipping them
to lead multinational teams.
. Realization of ‘
career guide for students and young a Higgs Factory
researchers to advance Japan's leadership 4L
*» World-leading researchers

global deyelopmgnt axis a program i I o
to foster international leaders for " 0 uReneTIEmEA

: -1 5 ® o) 4}  Global Talents Cultivation
the Higgs factory. This includes oA
. J .. e g . @@@ o @ (Appllcatlonl » Fostering science communication skills
InterdISCIphnary |n|t|at|ves that ﬁr‘ i’ i’ i » Exchange between academy, ministry and industry
soe.ntlﬁc literacy, and - cutting edge tech’s R&Ds
CUltIVate broad ta|ent Wlth »Int'l schools for advanced tech's

new technologies

The program will produce utS
can internationally spear- st
head particle physics.

[Axis-2] Fostering front-runners
of particle physics

»Experience in R&Ds, Construction towards operation
> Experience in conducting and leading experiments in
large-scale international experiments

- o 4

This program provides a long-term, stepwise
in particle physics. Additionally, a third Versatile Particle PhySICiSts 1o o e
next-generation experiments like
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Fig.4 Young researchers fostering plan in this program.
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[International Leading Research]

International Cardiovascular Digital Omics Consortium

The University of Tokyo, Graduate School of Medicine, Project Professor
Principal

A Investigator KOMURO Issei

i Researcher Number : 30260483
R —

Project Number : 24K23940

‘ é - Project | Project Period (FY) : 2024-2030
- Information | Keywords : International collaboration, Cardiovascular disease, Genome

and omics analysis, Consortium study

Purpose and Significance of the Research

® The Importance of Genomic and Omics Analyses in Cardiovascular Diseases
Cardiovascular diseases, like cancer, are a leading cause of death worldwide, making it
urgent to find ways to prevent and treat them. These diseases are complex and vary
widely, but recent studies have shown that they are caused by a combination of genetic
and environmental factors. Genetic factors are written in a person’s genome, and
analyzing this genome can help identify their risk of developing cardiovascular diseases.
Environmental factors, such as lifestyle, aging, medications, and pregnancy, leave their
marks on tissues like blood, the heart, and blood vessels. By conducting detailed omics
analyses of these tissues, we can better understand the disease state of each individual.
In short, genomic and omics information is essential for achieving precision medicine,
which provides personalized treatments tailored to each person’s unique needs.

® International Consortium to Understand the Diversity of Cardiovascular Disease
Cardiovascular diseases vary in their underlying mechanisms depending on the country.
For example, heart failure with preserved ejection fraction (HFpEF) is often associated
with obesity in Western countries, whereas in Japan, patients with HFpEF tend to be
older and lean. This highlights the need to establish a comprehensive framework to
understand the diverse pathologies of cardiovascular diseases. In this study, we aim to
establish the “International Cardiovascular Digital Omics Consortium,” which will expand
Japan’s existing cardiovascular consortium research—developed by the principal
investigator—into a global initiative. Collaboratively, patient tissue samples will be
collected from Japan, Europe, the United States, and China. Japanese graduate students
and postdoctoral fellows will be sent to world-class laboratories to analyze these samples
using advanced technologies. The consortium will integrate data with international
projects like the Human Cell Atlas, gather digital data through wearable devices, and
conduct comprehensive analyses by sharing data within the consortium. Through this
international collaboration, we aim to develop a unified framework that integrates diverse
cardiovascular disease pathologies, from molecular mechanisms to cellular, organ,
individual, and societal levels, enabling a deeper understanding of cardiovascular disease.

o . Diverse Cardiovascular System Atrial fibrillation
Genetics " " "
4% Treatment development based on the diverse cardiovascular mechanisms
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Fig.1 International Consortium to Understand the Diversity of Cardiovascular Diseases

Organization of the Project Team
We will advance international collaborative efforts with 13 experts across the following

specialized fields, seamlessly integrating the six key components outlined below:
1.Global Consortium Research for Sample and Data Collection
2.Genome Analysis to Elucidate the Genetic Basis of Cardiovascular System
3.Revealing Molecular Mechanisms at the Cellular Level with Single-Cell Omics
4.Multimodal AI Analysis of Clinical Testing and Digital Daily Life Information
5.Understanding Mechanisms Using Model Animals and iPS-Derived Cells
6.Advancing Precision Medicine Based on Diverse Cardiovascular Mechanisms

International Cardiovascular Digital Omics Consortium
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Mecanobiology
- . f USA
Mechanism Genome
F7
2 B8

Sarah Teichmann _ Stefanie Dlmmeler Yunzeng Zou P, £
. ey N
e Jeffery Molkentin Patrick Ellinor
Metabolism u Japan 34 )
Thomas Braun .Omics Leader Genome - 8'9'@
% Omics
) B \ )
F|92 The = Michael Snyder

Seitaro Nomura Issel Komuro Kaoru Ilo

1B

Ryuichiro Nakato Naoji Matsuhisa Satoshi Kodera

International
Collaborative
Research
Framework
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Plan for Fostering Early-career Researchers
The concept for human resource development is “to cultivate researchers capable of

competing globally, rooted in an understanding of the structure of life systems.”
To establish a system in which multiple domestic and international laboratories
collaborate, we will implement this research project with the following eight key
features in our human resource development plan:

- Multifaceted development of young researchers among domestic laboratories

« Mutual exchange of personnel between overseas and domestic laboratories

- Organic personnel exchange among overseas laboratories

* Rotating, young researcher-led symposia

- Promoting independent studies by young researchers at overseas laboratories

- Continuing interaction among globally trained young PIs

« Supporting independent research for young PIs upon returning to Japan

- Sustaining the output of world-class research results

2
)
* * Mutual { Promoting independent
Interaction researches within the lab

Young Researcher Stefanie Dimmeler
Development Meeting n ‘
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* ﬁ w 9 * Michael Snyder
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[International Leading Research]

Creating a kidney: A global network to generate transplantable kidney
organoids

o Kumamoto University, Institute of Molecular Embryology and Genetics,
Prmqpal NISHINAKAMURA Ryuichi Professor
Investigator
Researcher Number : 70291309

Proiect Project Number : 24K23941
I r?%ect. | Project Period (FY) : 2024-2030
ormatio Keywords : kidney organoid, organ maturation, device, animals

Purpose and Significance of the Research

@ Creating transplantable human kidney organoids
Approximately 10% of the world's population suffers from chronic kidney disease, and
more than 2 million people are undergoing artificial dialysis or kidney transplantation.
However, there is no curative treatment and an overwhelming shortage of kidney
transplant donors. Artificial kidneys with complex structures and functions were
considered a pipe dream, but the tide turned in 2014 when we succeeded in producing
human kidney organoids. While the kidney organoid technology has been proved useful
for disease modeling and search for therapeutic drugs (Figure 1), the currently
available organoids still lack the complete organotypic structure and their functions are
insufficient. Therefore, this project aims to produce next-generation kidney
organoids and functional maturity for clinical transplantation in the future. By
bringing together diverse and cutting-edge methods of human embryology,
microdevices, novel whole embryo culture systems, and in vivo organ production, we
aim to create more mature and functional implantable kidney organoids (Figure 2).To
this end, five domestic and five foreign researchers will form a strong international
research network in which young researchers can move freely and grow into leaders.

Kidney

Kidney organoid

Disease modeling &

» drug discovery

Future transplantation
therapy

Pluripotent
stem cells

Figure 1 : Generation and application of kidney organoids
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Figure 2. Creating a mature human kidney

Organization of the Project Team

® International network of 10 leading researchers
This project aims to produce next-generation kidney organoids and functional maturity
(Figure 2, 3). McMahon (USA) investigates the human kidney development and
provide the information to Nishinakamura (Japan), who will generate the human
kidney organoid with higher-order structure. Takasato (Japan) will generate bladder
organoids and establish a method to connect bladder and kidney organoids, together
with Nishinakamura. The resultant organoids will be provided to Yokokawa (Japan)
and Schenke-Layland (Germany), both of who will develop ex vivo perfusion devices,
in which the organoids are perfused via vasculature and produce urine in vitro.
Morizane (USA) will use these functional organoids in devices to reproduce diseases
with advanced accuracy. Tanigawa (Japan) will search for maturation factors and
collaborate with Hanna (Israel), who has developed the revolutionary ex utero whole
embryo culture system. They will add candidate maturation factors to the culture for

verification, which will then be applied to P = ot toise o7
the kidney organoids in perfusion devices o ‘/@jﬂw\ — R S
to further mature the organoids. Yokoo @/%ﬂ"‘;gﬁ"w WN % j@
(Japan) will transplant the human kidney * USA
organoids into animals to allow them to “*'“ae'“m""'"mg%pa" X, e
mature in vivo. Humphreys (USA) will ~ 1} a5 L
analyze the generated organoids at the < { \\ \ 4,7
single cell level and provide feedback \~/ \w % / //

to improve the quality and maturity of the Allipan Team (mamoto, RKEN, Koto e
organoids. Figure 3. Global network to generate tr | ble kidney organoid:

Plan for Fostering Early-career Researchers
® A talent development system that transcends laboratory and national
boundaries

We will continuously train young researchers who will lead the science and industry
based on the following plan (Figure 4).

Six postdoctoral fellows will be hired, 3 of whom will be sent overseas at any given time.
Eleven graduate students will be hired as Research Assistants, half of whom will be sent
abroad for short term. A total of 17 people will be hired, and travel expenses to attend
international research conferences will be supported.

At monthly web meetings, young scientists will present their research, and all principal
investigators will give advice. Graduate students and postdoctoral fellows who are
currently sent overseas will be invited to participate in these meetings to develop the
next group of postdocs overseas. We will hold an in-person retreat/international
symposium at Mt. Aso in Kumamoto
every year to promote the scientific
and social interactions. We will also
organize a seminar series on
entrepreneurship to provide diverse
career paths for young researchers.
Finally, core facilities at Kumamoto

6 postdocs & 11 graduate students

Monthly web meeting & feedback

Annual retreat at Mt. Aso, Kumamoto
Independent research funds and start-up funds
Travel expense assistance

Gender bias improvement

Entrepreneurship Seminar Series

Helping young people grow by using Core Facilities

University, RIKEN, and Kyoto

University will be opened to the 5 21 e T = ;

members of this project to promote ﬁ =l - i X/
v—\ — ’ —=

the growth and independence of

young researchers. Figure 4. Global environment to support young scientists

Homepage

Address, etc. https://www.imeg.kumamoto-u.ac.jp/en/bunya_top/kidney_development/
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