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Research Contents

The frontiers of modern physics involve exploring some of the universe’s most extreme environments, such
as the intense gravitational fields around black holes, the ultra-dense interiors of neutron stars, and the
hot, dense state of the early universe. These areas also encompass deep questions about the nature of
quantum gravity and about the strong nuclear force. Each of these topics is a wellspring of fascinating and
not-yet-fully-understood phenomena. My research seeks to uncover the interplay between these different
realms of physics. To tackle these problems, I employ a theoretical tool drawn from string theory called the
holographic correspondence, often referred to as AAS/CFT duality. I use this framework to study quantum
chromodynamics (QCD), the theory that describes the strong nuclear force. The holographic correspondence
proposes that a strongly coupled quantum field theory can be equivalently described by a weakly coupled
theory in a higher-dimensional space. For example, in low-temperature QCD, individual quarks and gluons
cannot exist independently but appear as composite particles such as protons, neutrons (baryons), or
mesons. The dual weakly coupled theory is often mathematically like general relativity, but with additional
matter and force fields. More philosophically, the correspondence suggests the universe can be viewed as a
kind of higher-dimensional hologram.

My field of focus is "Applied Holography." Within this area, I have undertaken several notable projects.
Using AdS/CFT, I have studied intrinsic properties of the quark-gluon plasma, such as its speed of sound
and viscosity—mirroring the conditions likely present in the early universe. In laboratory settings,
scientists can create similar states by colliding heavy ions like gold or lead, emulating these primordial
conditions. I have also contributed to the understanding of non-relativistic holography with a view to
condensed matter systems, particularly materials like cuprates, which might one day yield
room-temperature superconductors.

Furthermore, using the holographic Sakai-Sugimoto model, I have rigorously determined the ways in which
a nucleus can move and rotate using advanced mathematical tools known as index theorems. In more
recent work, I have explored a remarkable phase of nuclear matter known as the chiral soliton lattice,
which forms in the presence of large magnetic fields. In this phase, the vacuum itself becomes unstable and
spontaneously generates a periodic arrangement of pions, resulting in a new, stable form of matter.
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