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Exper imental Nuclear

and Hadron Physics
Tomofumi Nagae
Megumi Naruki
Juzo Zenihiro
Tetsuya Murakami
Toshiyuki Gogami
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Experimental studies of nuclear and hadron physics are carried out as quark-many body physics. We aim to
understand the material world in different scales of quarks and gluons, hadrons, and nuclei, and how these structures
evolved in the cosmic nuclear thyntheses. By applying Quantum Chromo Dynamics. (QCD) as fundamental
dynamics to describe the world of quarks and gluons, we will reveal roles of strong interaction in each scale. At
present, several accelerator facilities such as JJPARC, SPring-8, NIRS, RIKEN RIBF, and RCNP, are used for the
following research subjects; 1) study of new types of hypemuclei and baryon interactions with strangeness, 2)
quark confinement and hadron spectroscopy, 3) search for mesonic bound states and origin of hadron mass, 4)
nuclear matter at extremely neutron-rich conditions, 5) search for new nuclei in unstable regions, 6) exploration of
molecular and cluster states in nuclei.
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One of our research is an experimental research for unstable nuclear structures by means of the electron and heavy-
ion accelerators to contribute to the studies for nucleosynthesis in universe and establishing the equation of state for
nuclear matter. We address the technical development in an Rl beam production driven by a high-energy electron
beam, amanipulation of the RI beams extracted from ISOL, and an electron scattering from the RI’s in combination
with the RI target inserted in an electron storage ring. We will address some technical development aiming at a
nuclear photo-absorption cross-section measurement. Another research is the precision mass measurement for
extremely short-lived and rare exotic nuclei using a heavy-ion storage ring. The research we will start from next
year is a technical development for the beam recycling in a heavy-ion storage ring. That is aimed at the studies for
the nuclear reactions involving rare exotic nuclei. These researchs are conducted in Uji camps and some of themin
RIKE RI Beam Factory.
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High Energy Physics

Tsuyoshi Nakaya
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The high energy physics group studies the nature of elementary particles (quarks, leptons, gauge bosons, etc.)
and the physical laws underlying the universe using high energy accelerators, underground experiments, cosmic
microwave background (CMB) telescopes, and other experimental techniques. Currently the group is pursuing
research into 1) particle-antiparticle symmetry breaking in neutrinos as well as their mass and flavor mixing (the
T2K long-baseline oscillation experiment and Super-Kamiokande experiment), 2) the origin of mass generation
via the Higgs particle and searches for new particles (the LHC/ATLAS experiment), 3) and the nature of the early
universe with CMB polarization measurements (the GroundBIRD, Simons Array, and Simons Observatory
experiments). Further, the group is involved in detector development for the next-generation large scale neutrino
experiment Hyper-Kamiokande, neutrinoless double beta decay experiments, the ATLAS experimental upgrade,
and future CMB experiments.
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Cosmic—Ray Physics

Toru Tanimori
Takeshi Tsuru
Hidetoshi Kubo
Takaaki Tanaka
Atsushi Takada
Hiroyuki Uchida
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Observation of deep space and extreme astronomical objects (e.g., black holes, neutron stars, supernova
explosions) are of utmost importance for elucidating the creation and evolution of spacetime and matter, which is
the most fundamental question of physics. Our group aims to create a new view of the universe by promoting the
X-ray and gamma ray observation of the extreme astronomical objects with new technologies. Specifically, we are
promoting observational technology development and observational experiments in the following three research
areas. (1) High energy observation using the X-ray astronomical satellites including ""Suzaku' and development of
X-ray imagines spectrometers for the Japanese satellites "XRISM" (scheduled to be launched in FY2021) and
"FORCE (2027). (2) Balloon experiments with a new MeV gamma ray imaging technology to explore
undeveloped MeV gamma ray universe. Collaborative research with other fields such as medical science using this
new gamma ray technology. (3) GeV / TeV gamma ray observation using the "Fermi* satellite and atmospheric
Cherenkov telescope "MAGIC", and development of next generation TeV gamma ray telescope "CTA". See our
homepage for details (http:/Amww-cr.scphys.kyoto-u.ac.jp/).
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Nuclear Radiation
Physics
Makoto Seto
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The main target of our laboratory is experimental research on fundamental processes and application related to
nuclear resonance scattering and absorption by synchrotron X-rays and y-rays. Specifically, we study advanced
nuclear resonance scattering and absorption spectroscopy directed to research such as generation of ultra-high
resolution coherent y rays and the application to materials and life sciences. In addition, we are conducting research
on the magnetism, electronic structure, superconductors, etc. extending from meV to neV energy range using these
new spectroscopic methods.

The main research site is Institute for Integrated Radiation and Nuclear Science of Kyoto University, and we
also use synchrotron radiation facilities such as SPring—8 and KEK.

Please contact us if you are interested.
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Nuclear Beam Material
Science
Yoshitaka Ohkubo
Akihiro Taniguchi
Minoru Tanigaki
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\We conduct experimental studies onthe nuclear structures in neutron-rich nuclei produced via the fission reaction
on 25U and advanced uses of ion beams of short-lived nuclei for probing condensed matter. Our present main
research subjects are involved in 1. The production of unstable-nuclear beams, 2. Systematic studies of nuclear
structures using unstable-nuclear beams, search for unknown nuclides, and studies on isomers, nuclear moments,
and Qgp-values, 3. Advanced uses of ion beams of short-lived nuclei for probing microscopic states in matter using
the perturbed angular correlation (PAC) method, a very sensitive nuclear technique based on hyperfine interactions.

Graduate students in our group do their researches mainly in the Institute for Integrated Radiation and Nuclear
Science.
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Theoretical Particle Study of field theory including quantum gravity and string theory. Research of fundamental interaction of
Physics elementary particles and unified theory.
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Theoretical Nuclear Physics
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We carry out theoretical studies on nuclei and quark-hadron systems based mainly on many-body physics.
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1) Nuclear theory group in Department of Physics

For quark-hadron physics, based on quantum chromodynamics (QCD) and its low-energy effective models, we
study lattice QCD, finite-density QCD, quark-gluon transpot phenomena, nonperturbative structure and topology
of the QCD vacuum. For nuclear many-body physics, the main research themas in our group include superheavy
elements, cluster structure and collective motions in stable and unstable nuclei, and many-body correlations in
quantum many-body systems.
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2) Nuclear theory group in Yukawa Institute for Theoretical Physics

We study structure and reaction dynaics of hadrons and nuclei from spectroscopic and nuclear matter points of
view. Research subjects include hot and dense QCD matter formed in heavy-ion collisions and compact
astrophysical objects, reaction dynamics of high-energy nuclear reactions, hadron-hadron interactions,
microscopic structure of stable and unstable nuclei and its application to heavy-ion reactions.
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