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Nuclear Science and Transmutation Research Division

Astro-Glaciology Research Group

1. Abstract

Our Astro-Glaciology Laboratory 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 high
energy protons emitted by astronomical phenomena affect the stratosphere.

Our principal aim is thus to acquire and interpret information preserved in ice cores regarding:

o Signatures of past volcanic eruptions and solar cycles;

o Relationship between climate change and solar activity;

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 application of analytical methods for measuring isotopes in ice cores to archaeological artifacts;

e The evolution of molecules in space;
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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