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Unraveling Enigmas: My Scientific Journey and Aspirations in Physics

My lifelong dream is to explore the ultimate origins of the universe we inhabit and to comprehend it theoretically
from first principles. The question, "What are the ultimate building blocks of matter?" is a timeless inquiry that
humans have relentlessly pursued since ancient times, and answering it holds the potential to profoundly influence
people's worldviews. In my Ph.D. study, leveraging my knowledge of quantum field theory and experience in
analytical studies in Quantum Chromodynamics (QCD), I aspire to describe complex systems such as hadrons and
nuclei from the first principle, based on low-energy effective theories of QCD and non-perturbative analyses like

holographic QCD.

My initiation into physics occurred during a two-year participation in Super Science High School (SSH) program.
Proposing a research project on the electrical characteristics of a flame in a Bunsen burner, I became the leader of
my inaugural research endeavor. This project involved measuring the electrical resistances of the outer and inner
flames, confirming the flame's diode-like rectifying behavior. To elucidate this phenomenon, I proposed a novel
carrier distribution model, suggesting that ions from the fuel ionize within the flame, separating into outer and inner
flames and flowing independently. I presented this research at a collaborative session with the National University of
Singapore, securing the top selection for the presentation within my high school and the opportunity to present at the
SSH National Conference 2019. As the leader of this research, I presented at the conference and received the Poster
Presentation Award during the poster session. Through numerous interactions with students and researchers at the

national conference, I found joy in scientific discussions and was drawn to the physics research community.

Delving deeper into the theoretical exploration of the electrical characteristics of the flame, I discovered the
fascination of finding order in diverse experimental data, leading me to decide to major in physics during my
undergraduate studies. Throughout my undergraduate years, | enjoyed organizing seminars and study sessions to
acquire foundational knowledge for theoretical physics research. The first seminar I led was a six-month reading
session of Landau and Lifshitz's "Mechanics." His profound insights proved invaluable for fostering physical
intuition in mechanical systems. Moreover, with a particular interest in quantum theory, I organized seminars on
textbooks such as J.J. Sakurai's "Modern Quantum Mechanics" and Peskin and Schroeder's "An Introduction to
Quantum Field Theory.” The ability to independently decipher advanced textbooks and seek guidance, when

necessary, cultivated through these seminars, became the cornerstone of my academic prowess.

These seminars on quantum theory led me to develop an interest in particle physics. However, simultaneously, I
became aware of the complexity of describing many-body systems from the dynamics of individual particles. While

the theoretical framework of particle physics can explain experimental data from high-energy accelerators, it seemed



disconnected from phenomena on the energy scales familiar to me. Therefore, I developed an interest not only in
elementary particles themselves but also in how they come together to form matter. This is why I joined the Nuclear
Theory Group at Kyoto University. In this group, I learned a wide range of theories, including effective theories of

hadrons, quantum field theory, and non-perturbative analytical methods using lattice QCD.

Deepening my exploration of QCD, I focused on the fact that high-temperature Quark-Gluon-Plasma could exhibit
structures like phase defects in ferromagnetic materials, leading to the research project "Z N structure of the
deconfinement vacuum in SU(V) Yang-Mills theory." From this experience, I find it incredibly inspiring that theories
from different fields unexpectedly come together, and this is one of the reasons why I am so passionate about
theoretical physics. I presented this research as the first author at JPS Spring Meeting 2023, receiving accolades
during the poster session and the Student Presentation Award. Engaging in discussions with physicists during the
conference provided me with further insights and led to the submission of an original research paper as the first author
to Progress of Theoretical and Experimental Physics (PTEP). Additionally, presenting a talk at Lattice 2023 fostered

my enthusiasm and provided opportunities to collaborate with more researchers.

Through collaboration with nuclear physicists, I recognized the importance of bridging fundamental theories and
phenomena. To comprehend the origins of matters, analyzing the physics of QCD is essential, and I am confident
that furthering our understanding of QCD will bring innovation to people's perspectives worldwide. I believe that
completing my Ph.D. in the United States will be instrumental in advancing in this direction. Fortunately, I have

received the Funai Overseas Scholarship, covering two years of tuition, insurance, and a monthly stipend of $3,000.

With the support, I am eagerly anticipating conducting research at University of Minnesota. The research focus of
Professor Joseph Kapusta, which emphasizes theoretical properties of finite-temperature QCD like Quark-Gluon-
Plasma and QCD phase transition, aligns perfectly with my motivation. Their approach to QCD enables innovative
research beyond perturbative effects. I am enthusiastic about conducting research under Professor Kapusta' guidance,
leveraging my knowledge of theoretical physics and research experience to contribute to physicists' understanding of
the origins of matter. Furthermore, drawing on my three years of experience as a mathematics and science tutor, I am
interested in sharing my knowledge within Minnesota's physics community, fostering undergraduate students'
intellectual growth through the study of physics. I am confident that my rich background and experiences at
University of Minnesota will significantly contribute to the achievement of my research goals, and I am excited to

pursue my Ph.D. studies there.



