Attachment 1-1. Details of the Designated Research Area
① Mathematics
□ Scientific Computing
This area has developed into a key strategic field due to rises in the scope of its
industrial application, given the way it addresses core questions related to the
modeling of situations arising in various areas of science and engineering including
mechanics, physics, and chemistry. The subject requires familiarity and proficiency
with advanced mathematical tools and concepts, with possible applications to
Computer

Science,

Engineering

(in

particular,

Fluid

Mechanics),

Biology

or

Genomics, etc. without being entirely specialized in any of these areas.
Ÿ Scientific Computing: Mathematical theories involved in computer science and
applications
Ÿ Numerical Structure: Developing numerical methods to solve mathematical problems
Ÿ Quantum Computing: Mathematical theories of quantum computation
Ÿ Including but not limited to the above areas of study

□ Arithmetic and Algebraic Structure

This area allows the development and solution to problems in algebra and arithmetic
geometry, while, at the same time, applying such solutions to various problems in
information science, e.g. cryptology through full computer implementations.
Ÿ Arithmetic: Study of algebraic integers and integral solutions of

equations with

integral coefficients
Ÿ Modular form: Arithmetic and analytic properties of modular forms.
Ÿ Moduli: Study of variation in algebraic structures
Ÿ Representation: Unifying study of linear transformations in various areas of
mathematics.
Ÿ Cryptography: Mathematical theories underpinning the secure exchange of information
Ÿ Coding: Mathematical theory for compression and error correction in information
exchange
Ÿ Including but not limited to the above areas of study

□ Randomness

The notion of randomness is gradually playing more important roles in many
problems

of

mathematical

nature,

and

work

in

this

area

has

far-reaching

consequences across many other disciplines. It is a central notion in understanding
complex systems like social networks, and applied probability and statistics have
become essential tools for the study of many questions connected to biology and
industrial problems.
Ÿ Randomness: Random properties of complex systems, Probability and mathematical
statistics
Ÿ Random Matrix: Study of matrix valued random variables
Ÿ Random Graph: Interaction between graph theory and probability
Ÿ Including but not limited to the above areas of study

□ Nonlinearity
This area is a broad field of great importance in mathematics, addressing nonlinear
phenomena observed in nature. Thanks to its primary role in applications such as,
for example, imaging, it has become a key theme in research studies addressing
various problems facing industry today.
Ÿ Nonlinearity: Nonlinear phenomena in mathematics and science
Ÿ Nonlinear Models: Mathematical models in science with nonlinear behavior
Ÿ Including but not limited to the above areas of study

□ Dynamics

This area models some quite spectacular phenomena and, recently has started to
impact other fields, for example helping to solve the longstanding problems in
number theory.
Ÿ Dynamical Systems: Dynamical properties of iterations of transformations
Ÿ Ergodicity: Ergodic phenomena in various areas of mathematical sciences
Ÿ Including but not limited to the above areas of study

② Theoretical Physics
[ Theoretical Fundamental Physics ]
□ Particle & Nuclear Theory

Particle physics is at the forefront of pioneering basic science research, essential to
the generation of new knowledge. The goal of theoretical nuclear physics is to
explain the structures and reactions of nucleons and nuclei using a single consistent
theory that can explain all matter from microscopic quarks to macroscopic nuclei
and celestial objects.
Ÿ Understanding of the accelerator experimental results and new particle phenomenology
Ÿ The particle theory of the dark matter
Ÿ Research on the breaking of supersymmetry
Ÿ To understand strong-interaction systems based on superstring and M theory
Ÿ Theory of dense hadronic matter
Ÿ QCD-based computational studies of high-energy phenomenology and nuclear structure
Ÿ In-depth understanding of renormalization models for nuclear force and QCD-based
effective field theories
Ÿ Including but not limited to the above areas of study

□ String Theory & Gravitation/Field Theory
The goal of this area is to explain, within a single framework, numerous physics
questions,

including

the

fundamental

interactions

of

nature,

the

fundamental

explanation of matters, the understanding of quantum theory of gravity in unusual
systems such as black holes, and the birth of the universe.
Ÿ String-theory phenomenology
Ÿ Holography
Ÿ Theory of the D-branes and the M-branes
Ÿ AdS(Anti de Sitter space)/CFT(Conformal Field Theory)
Ÿ Non-perturbative field theory
Ÿ Quantum black hole and information puzzle
Ÿ Quantum gravity, and the theory of gravity in the supergravity environment
Ÿ Including but not limited to the above areas of study

□ Astrophysics & Cosmology
Research in astrophysics and cosmology aims to enable the formulation of the most
fundamental laws of nature, as well as to explain the space-time structure of the
universe, and to produce a new paradigm for the origin of the matters and the laws
of nature.
Ÿ Black holes, neutron stars, supernovae, gamma ray bursts, Lorentz invariance
Ÿ Dark energy and relationship, the origin of the extreme energy, the era of darkness
and reionization, and theoretical models for the black-hole formation and the star
formation
Ÿ Identifying dark energy and dark matter and the space-time structure of the dark
universe
Ÿ Evolution of the accelerating universe including the birth of stars and galaxies.
Ÿ Theoretical models on early universe
Ÿ Study of gravitational waves in early universe and their effects on the cosmic
background radiation
Ÿ Including but not limited to the above areas of study

[ Condensed-Matter and Complex Systems Theory ]
□ Strongly Correlated Electron System
The goal of this area is to study and to elucidate the various kinds of
transition-metal compounds and rare-earth element compounds which have been
discovered in the past 20 years and will be synthesized in the future; such electron
systems are referred to as ‘strongly correlated electron systems’.
Ÿ To establish a new paradigm elucidating strongly correlated electron systems
Ÿ To investigate the physical properties of the strongly correlated electron systems in
transition-metal compounds and rare-earth-element compounds
Ÿ Interplay between magnetism and superconductivity in Mott-Hubbard electron systems.
Ÿ The mechanism of high-temperature superconductivity in copper-oxide superconductors
Ÿ To discover electromagnetic properties and origins of superconductivity in heavy
fermion systems
Ÿ Novel physical phenomena appearing in the vicinity of the quantum critical point.
Ÿ Including but not limited to the above areas of study

□ Statistical Physics
The goal of this area is to understand, within the framework of physics,
macroscopic phenomena emerging in condensed-matter systems, biological systems,
information and communication systems, as well as in social and economic systems.
Studying such complex systems help elucidate phenomena which would otherwise
remain unpredictable using a reductionistic approach, which is the paradigm of
traditional disciplines.
Ÿ Study nonequilibrium statistical physics in open systems and disordered systems:
nonequilibrium fluctuation theorem; phase transitions and critical phenomena;
dynamical scaling behaviors; transport and diffusion in disordered systems
Ÿ To study science of complex networks: theoretical studies of structures and dynamics
of complex networks; application of theory of complex networks
Ÿ To study dynamics of nonlinear/nonequilibrium systems and pattern formation
Ÿ Dynamics and structures of soft matters such as polymers, gels, liquid crystals,
microemulsions, foams, colloids, granular materials, etc
Ÿ Including but not limited to the above areas of study

□ Biological Physics
The goal of this area is to illuminate the physical principles of living phenomena,
and to investigate the microscopic phenomena of life and the phenomena of complex
systems in order to develop a paradigm for knowledge and the understanding of life.
Ÿ Understanding the physics in the functions of biomolecules
Ÿ Systematic understanding of the molecular-level operation principles of biomolecules
and complexes
Ÿ Understanding the brain using computational methods
Ÿ Discovery of new drug candidates and to develop disease diagnostic methods using
bio-network analysis
Ÿ Theoretical studies of biological membranes, proteins, DNA, etc
Ÿ Including but not limited to the above areas of study

□ Computational Physics
The goal of this area is to analyze the large-scale and atypical data generated from
a variety of systems, and to be proven efficient as a paradigm of new scientific
methodology to integrate theoretical knowledge with experimental data.
Ÿ Search for composite structures, novel materials, and novel material properties on the
basis of the first-principles for the calculation methods of material properties and
computational methods for quantum material properties
Ÿ Research for the improved accuracy and wider application of computational methods
for quantum material properties
Ÿ Development of new paradigm for designing and exploring of novel material
properties
Ÿ Study of interactions between electromagnetic waves and matters and study of
metamaterials of novel functionality
Ÿ To develop methods for the analysis and modeling of atypical big data
Ÿ Characterization of large-scale biological data and prediction of functionality of
biological components
Ÿ Research for analysis of big data generated by SNS, other internet services,
large-scale experiments
Ÿ Including but not limited to the above areas of study

□ Interdisciplinary Studies
The goal of this area is to invoke the development of all fields of basic sciences,
including physics by extending the applications of physics and establishing a new
paradigm
Ÿ Theoretical and computational interdisciplinary studies between physics and chemistry,
between physics and biology, between physics and information sciences, between
physics and economy, and between physics and sociology
Ÿ Including but not limited to the above areas of study

③ Science of Global and Regional Environmental Changes
□ Anthropogenic Climate Forcing and Biogeochemical Cycles
Ÿ Enhancing knowledge to determine the sources and sinks, and their geographic
patterns in the cycling of biogeochemical greenhouse gases (GHGs); and,
understanding spatial and temporal multi-scale factors regulating the multidisciplinary
processes
Ÿ Supporting advances across a robust mix of atmospheric, oceanic, and land- and
space-based observing systems and data assimilation for the monitoring of recent
climactic data relevant to chemical/radiative species
Ÿ Refining the industrial processes and emission sources of industrial gases with high
Global Warming Potential (GWP) to understand environmental problems related to the
large economies of East Asia
Ÿ Including but not limited to the above areas of study

□ Climate Physics
Ÿ Improving our knowledge and understanding of global and regional climate variability
and changes, and the mechanisms responsible for these changes
Ÿ Assessing and attributing significant trends in global and regional climates
Ÿ Developing and improving numerical models that are capable of simulating and
assessing the climate system for a wide range of space and time scales
Ÿ Investigating the sensitivity of the climate system to changes in the natural and
human environment and estimating changes resulting from specific disturbances and
influencing factors
Ÿ Including but not limited to the above areas of study

□ Responses of Marine Ecosystem
Ÿ Understanding physical environmental processes and their changes in terms of their
effect upon the ocean ecosystem structure and biodiversity to diagnose the current
status of the oceanic environments
Ÿ Investigating the impact of the anthropogenic forcing on oceanic ecosystem and
biodiversity through global scale and long term monitoring to preserve and protect
both the oceanic environment and its biological resources and thus allow for the
sustainable use of the oceans
Ÿ Integrating changes in biological production of functional groups and the functioning
of marine food webs
Ÿ Studying the past through close examination of various paleo-samples in oceans to
project the future
Ÿ Including but not limited to the above areas of study

□ The Coastal Zone including Extreme Events
Ÿ Assessing the extreme climactic events induced by changes in the climate, and also
investigating natural catastrophic events (e.g., earthquake, tsunami and volcanic
eruption) in association with the geological processes within the Earth’s interior
Ÿ Studying the current state of, and any changes in seawater temperature, sea level,
typhoon activity, carbon cycling, water cycle and dissolved elements transport, and
ecosystem as a whole in coastal environments
Ÿ Investigating the influence of a rise in sea levels on the characteristics of
seawater-freshwater interaction, and the physicochemical and thermal properties of
groundwater and coastal water
Ÿ Including but not limited to the above areas of study

□ Integrated Impact Assessment
Ÿ Delivering integrated multidisciplinary assessments of the overall effects and impacts
on both local and global scales
Ÿ Integrating the development of appropriate models covering a wide range of time and
space scales and multidisciplinary scientific data in order to maximize the utility and
societal benefits of the assessment, through economic and social data
Ÿ Developing appropriate predictive models to deliver appropriate advice for the
socio-economic and policy impacts of change
Ÿ Including but not limited to the above areas of study

④ Rare Isotope Sciences
[ Nuclear Physics ]
Nuclear physics has been one of the key fields in physics, covering fundamental
particles to the Universe. Nuclear physics in RI (rare isotope) sciences is to
investigate the fundamental interactions of nuclei and their constituents as well as
structures of stable and unstable nuclei. Going deeply into the uncharted regime of
exotic nuclei far from the stability regime can probe the structure of nuclear forces
such as novel aspects of tensor forces and many-body forces. Experimental nuclear
physics with RI beams, in close collaboration with theoretical studies, is critical for
the success of the rare isotope accelerator in Korea.
Ÿ Structure: Structures of radioactive isotopes and stable isotopes, new rare isotopes,
drip lines, new magic numbers, tensor forces
Ÿ Astrophysics: Origin of the elements, nuclear reactions in the r-process, evolution of
stars, elemental abundance ratios in stars, structure of neutron stars
Ÿ Reaction: Equation of state for asymmetric matter, symmetry energy, level densities
of nuclear matter, fusion, fission, direct reactions
Ÿ Theory: Fundamental symmetry, framework of describing structures of nuclei and
their interactions, equation of state for dense matter, reaction mechanisms
Ÿ Including but not limited to the above areas of study

[ Applied RI Sciences ]
□ Condensed Matter Physics
The convergence of condensed matter physics and nuclear physics provides new
powerful tools to study materials. The application of extremely sensitive methods
and devices developed by nuclear physicists has been shown to be advantageous for
investigating the electromagnetic properties of materials. Among them are μSR
(muon Spin Rotation, Relaxation or Resonance) and β-NMR (beta-radiation-detected
Nuclear Magnetic Resonance), which are considered to be main facilities for material
science research at the rare isotope accelerator in Korea.
This area is to study the nature of materials by using μSR or β-NMR. A plan for
training experts through fundamental researches or applications in the broad area of
condensed matter physics should be established for the success of the rare isotope
accelerator in Korea.

□ Radiation Biology / Oncology and Medical Physics
This area is to study the biological responses and mechanisms of living things and
tumors when exposed to heavy ion beams, including RI beams. Principles,
methodology, and practical dosimetry of heavy ion irradiation are prerequisites.
Research topics include biological responses and mechanisms when exposed to heavy
ion beams, relative biological effectiveness of heavy ion beams, significance of
heavy ions in cancer treatment, calculation and verification of heavy ion absorbed
dose, precisely tumor-conformal heavy ion irradiation, as well as in-beam imaging of
heavy ion irradiation. However, the topics are not limited to the above. The studies
of radiobiology and medical physics should be co-operative and integrated. The
outcomes achieved in this area will be useful to understand the responses of living
things when exposed to heavy ion beams and to treat intractable cancers.

□ Nuclear Energy / Nuclear Data
Fast nuclear reactor systems are proposed worldwide as a candidate for future
sustainable nuclear energy systems to solve the problems of spent nuclear fuels. In
order to realize such systems, development of an experimental facility for a
subcritical fast reactor system and systematic studies for accurate data of relevant
nuclear reactions are needed.
This area is to develop an experimental facility for a fast reactor system as an
application facility of RAON optimized for consistent integral neutronics experiments
and

precise

measurements

of

the

required

reaction

channels.

Experimental

measurements and theoretical investigations are to be performed for obtaining reliable
nuclear cross sections and decay data of radioactive isotopes which are still largely
unknown to improve the accuracies of the existing nuclear data with covariances for
enhancing the safety and integrity of fast reactor systems.

□ Atomic and Molecular Physics
This area is to study fundamental properties such as masses, lifetimes, hyperfine
structures and isotope shifts of atoms by using heavy ion beams, including RI
beams. The rapid advance in the fields of heavy ion accelerators, as well as
experimental techniques of EBIT (electron beam ion trap), laser cooling, and
collinear laser spectroscopy makes it possible to investigate atomic structure and
properties of stable or radioactive isotopes. Collisional and radioactive processes can
be investigated with RI beams. Information on the charged states and nuclear charge
distribution of an atom or an isotope as well as its level structures are crucial in
the analysis of collisional and radiative interactions. Such analysis requires relativistic
theoretical treatment as well. Precision EDM (electric dipole moment) measurements
of rare isotopes can reveal the influence of nuclear structure on atomic properties,
which will allow us to test physics beyond the standard model.

□ Other RI Sciences
Other sciences using the RI accelerator facility that are not covered above should be
included.

Attachment 1-2. Specialized Research Areas for GIST, UNIST & DGIST
① GIST : Optics-based Basic Science
□ Ultraintense Field Optics
Research in this area will contribute not only to developing the leading technologies
in ultraintense laser research, but also to understanding relativistic laser-matter
interaction occurring at extreme conditions and the utilization of the phenomena for
various purposes, including the control of the ultrafast phenomena occurring in the
microscopic world of nuclei, atoms, and molecules
Ÿ Ultraintense laser technology
- Petawatt (1015 W) power, spatiotemporal beam control
Ÿ Relativistic laser-matter interaction
- Relativistic laser-plasma interaction, high-energy particle acceleration and applications,
laser-based cancer therapy, ultrashort broadband radiation source
Ÿ Physics processes at extreme spatiotemporal scale
- Ultrashort coherent radiation for attosecond (10-18 s)/zeptosecond (10-21 s) resolution,
analysis and control of ultrafast processes of atoms and nucleus, ultrafast imaging at
nanometer scale
Ÿ Including but not limited to the above areas of study

□ Photochemistry
Intensive and systematic research on electron transition and transfer in organic
molecules will accelerate the development of organic molecule-based energy conversion
system. Critical photochemistry mechanisms will also require an interdisciplinary
cooperative

research

effort

that

combines

‘organic/organometallic’,

‘physical’,

‘theoretical’, and ‘analytical’ chemistry.
Ÿ In-depth understanding of electron transition and transfer in organic molecules
Ÿ Chemical synthesis of photoactive organic and organometallic compounds
Ÿ Development of organic molecule-based energy conversion systems that convert light
energy into electronic excitations with high efficiency
Ÿ Including but not limited to the above areas of study

□ Optical Spectroscopy
The research of advanced spectroscopy will enable new phenomena to be found in
basic sciences. New developments in spectroscopic technology will also provide
solutions to problems in the environment, energy, and human health sectors.
Ÿ Time-resolved spectroscopy : Fast reactions will be observed by using short pulse
lasers
Ÿ High resolution spectroscopy : Small difference of energy level can be resolved
through precise control of laser frequency
Ÿ Nonlinear spectroscopy : Nonlinear interactions between light and matter will be
studied by using intense laser pulses
Ÿ Ultra-sensitive spectroscopy : Minimum concentration is analyzed

through optical

spectroscopy (cavity ring down method)
Ÿ Including but not limited to the above areas of study

□ Photobiophysics
Studies in photobiophyics are designed to contribute significantly not only to the
progress of basic science by expanding our fundamental knowledge about the structure
and mechanistic roles of proteins from pathogenic bacteria, but also to human health
by providing an opportunity to discover new strategies for controlling human
pathogens.
Ÿ Structural and functional characterization of various effector proteins of pathogenic
bacteria and the effector secretion systems
Ÿ Identification of the pathogen effector-host protein cellular interactome (Fluorescence
Resonance Energy Transfer)
Ÿ Elucidation of the pathogenesis mechanism of pathogenic bacteria by genetic
manipulation
Ÿ Elucidation of the modulation mechanisms of host immunity by pathogenic bacteria at
the molecular level through direct imaging
Ÿ Including but not limited to the above areas of study

② UNIST : Basic Science for Advanced New Materials
□ New Carbon Allotropes
Syntheses of new unprecedented carbon structures, that go beyond carbon nanotube
and graphene, will lead to a breakthrough in material science. The targeted new
carbon structures are expected to provide ultrahigh porosity, metal-free magnetism, and
all-carbon

metal/insulator

stacks

that

will

be

a

platform

for

fundamental

physicochemical studies.
Ÿ Theoretical predictions and experimental syntheses of new carbon allotropes
Ÿ Synthesis of negatively curved sp2-bonded carbon structures
Ÿ Including but not limited to the above areas of study

□ Molecule-based Bio-materials
Biomolecules are crucial for sustaining life. To understand the fundamental principles
of life and to design biocompatible materials, it is vital that research be focused on
the structure, activity and regulatory mechanisms of biomolecules at the molecular
level.
Ÿ Biomolecule-Based Etiology of Diseases
Ÿ Biocompatible Materials
Ÿ Including but not limited to the above areas of study

□ Materials for Sustainable Energy
In order to develop next generation batteries and alternative energies, it is vital to
investigate high capacity energy storage materials and batteries beyond current
rechargeable lithium batteries.
Ÿ Next generation high capacity energy storage materials
- Control of irreversible capacity via solid electrolyte interface
- Electrode materials analyses via in situ techniques
- Design and synthesis and electrochemical characterization
Ÿ Including but not limited to the above areas of study

③ DGIST : Basic Science for Bio-Nano Convergence
□ Bioinspired materials
Biological materials display the kind of elegant synthesis, sophisticated structures, and
unique functionalities that state-of-the-art science and technology still find difficult to
accomplish. The organization of bioinspired materials will provide innovative solutions
for scientific breakthroughs.
Ÿ To understand the underlying principles of biological materials and develop new
artificial materials
Ÿ Including but not limited to the above areas of study

□ Functional Regulators of Cellular Organelles
Since the structural and functional complexity of cells leads to regional heterogeneity
and diverse activity status of important cellular organelles, it is crucial to understand
the synthesis, transport, and turnover of these organelles.
Ÿ To develop bio-nano functional regulators to monitor the expression and functions of
cellular organelles, in turn apply these regulators as novel therapeutic tools for the
manipulation of the cellular function of organelles
Ÿ Including but not limited to the above areas of study

□ Novel Magnetic Materials for Nanomedicine and Biosensing
The latent potential of magnetic materials of specific composition and structure in
biomedical area is to be pioneered at the intersection of physical, chemical, and
biological sciences.
Ÿ To explore novel magnetic materials for biomedical use, such as advanced diagnosis,
therapy, and biosensing
Ÿ Including but not limited to the above areas of study

□ Plant Biomaterials
The understanding of plant biomaterials at the molecular, cellular, and system biology
levels will provide new insights into the fundamental aspects of plant biology, which
will in turn contribute to the improvement of plant biomass production and the
evolution of biodiversity.
Ÿ To study plant biomaterials, including small molecules, genes, and proteins, in order
to uncover the basic principles behind plant growth, the adaptation of plants to their
environment, photosynthesis, etc
Ÿ Including but not limited to the above areas of study

