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Nuclear Science and Transmutation Research Division

Astro-Glaciology Research Group
Summary of Research Activities

1. Abstract

Our Astro-Glaciology Research Group promotes both experimental and theoretical studies to open up the new interdisciplinary
research field of astro-glaciology, which combines astrophysics, astrochemistry, glaciology, and climate science.

On the experimental side, we measure isotopic and ionic concentrations in ice cores drilled at Dome Fuji station, Antarctica,
in collaboration with the National Institute of Polar Research (NIPR, Tokyo). Here, the ice cores are time capsules which preserve
atmospheric information of the past. In particular, the ice cores obtained around the Dome Fuji site are very unique, because they
contain much more information on the stratosphere than any other ice cores obtained from elsewhere on Earth. This means that
we have significant advantages in using Dome Fuji ice cores if we wish to study the Universe, since UV photons, gamma-rays, and
highenergy protons emitted by astronomical phenomena affect the stratosphere. Our principal aim is thus to acquire and interpret
information preserved in ice cores regarding:

e Signatures of past volcanic eruptions and solar cycles;

o Relationships between climate change and volcanic activity, and climate change and solar activity as well;

e Traces of past supernovae in our galaxy, in order to understand better the rate of galactic supernova explosions.
Moreover, we are promoting experimental projects on:

e Development of an automated laser melting sampler for analyzing ice cores with high depth resolution;

e Development of precise analytical techniques of high sensitivity for analyzing ice cores;

e The evolution of molecules in space;

o The application of analytical methods for measuring isotopes in ice cores to archaeological artifacts.

On the theoretical side, we are simulating numerically:

o Chemical effects of giant solar flares and supernovae on the Earth’s atmosphere;

o The explosive and the r-process nucleosynthesis in core-collapse supernovae.
Combining our experimental evidence and theoretical simulations, we are promoting the researches mentioned above. These all will
contribute to understanding relationships between the Universe and Earth. In particular, climate change is the most critical issue facing
the world in the 21st century. It is also emphasized that the frequency of supernova explosions in our galaxy has not yet been fully
understood, and it is the key to understand the r-process nucleosynthesis.
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S. Wada, and H. Motoyama, “A novel, ultra-high-resolution laser-melting sampler with resolution controllability for discrete analyses
of ion concentrations and stable water isotopic compositions in ice cores,” AGU Fall Meeting 2021, New Orleans & Online, December
13-17, 2021.

K. Kitajima (poster), Y. Nakai, W. M. C. Sameera, M. Tsuge, A. Miyazaki, H. Hidaka, A. Kouchi, and N. Watanabe, “A new electrochem-
ical property of ice: negative charge transport triggered by reactions of surface OH radicals with electrons,” Workshop on Interstellar
Matter 2021, Sapporo, November 17-19, 2021.
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Y. Motizuki, Y. Nakai, K. Takahashi, T. Imamura, and H. Motoyama, “A proxy for decadal solar cycles from AD 1600 to 1900 based
on nitrate concentrations in a Dome Fuji (Antarctica) ice core,” The 6th Workshop of the Astronomy & Astrophysics from Antarctica
(SCAR AAA 2021), Virtual meeting, September 8—10, 2021.

K. Kitajima, Y. Nakai, M. Tsuge, A. Miyazaki, H. Hidaka, A. Kouchi, and N. Watanabe, “Verification of proton-hole transfer in ice at
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H. Motoyama, “A novel high-resolution laser-melting sampler for discrete analyses of ion concentrations and stable water isotopic
compositions in firn and ice cores,” virtual EGU General Assembly 2021 (vVEGU21), April 19-30, 2021.

Y. Motizuki (invited), “Astro-glaciology sciences using antarctic ice cores—A key project of RNC for the origin of elements and climate
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