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Key Sentence :

1. Explore the origin of the extreme energy cosmic-rays

2. Investigation of the relationship between cosmic and terrestrial environment
3. Understand the Earth quantum mechanically.

4. Imaging bio molecular dynamics by using an ultra high-speed camera.

5. Libraries for super-high speed special purpose computer-aid simulations.

6. Create a new method of scientific visualization
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Purpose of Research

Computational Astrophysics Laboratory promotes in JEM-EUSO (Extreme Universe Space
Observatory on the Japan experiment module of the International space station) mission that observes
giant-air showers by ultra-high-Energy cosmic ray from the orbit. JEM-EUSO is a super wide-field (60
degrees) telescope with a diameter of 2.5 meters planed to be installed in International Space Station.
Other active studies are running in parallel for the development of super-high speed special purpose
computers and the large scale simulations of bio-molecules and formation process of super massive
black-holes and its relation to hypernova/gamma-ray burst, computational materials science, and
education with computers.

1. Investigation of ultra-high energy cosmic rays (Ebisuzaki, Takizawa, Kawasaki,Shinozaki, mase)
Computational Astrophysics Laboratory promotes in JEM-EUSO (Extreme Universe Space
Observatory on the Japan Experiment Module of the International Space Station) mission that
observes giant-air showers by ultra-high-energy cosmic ray from the ISS orbit. Original EUSO was
taken the lead by Europa Space Agency (ESA). However, the start of ESA phase-B is postponed for a
long time because of financial problems in ESA and European countries. Japanese and U.S. teams
re-define EUSO as a mission attached to Japanese Experiment Module/Exposure Facility (JEM/ EF) of
ISS and named it as JEM-EUSO targeting the launch of 2015 in the frame work of second phase of
JEM/EF utilization.

We are managing most main parts of JEM-EUSO (Optics, Focal surface detector, Electronics,
Atmospheric monitor system, JEM-EUSO system, End to end simulation) in corporation with 11
countries, 62 institutes, 170 researchers. Majorcollaboration institutes are Univ. of Alabama in
Huntsville, Konan univ., saitamauniv., Aoyama gakuin univ., Hokkaido univ., ISAS/JAXA and JAXA.
And, JEM-EUSO is supported by European and Asian collaborators.

2. Astrophysical Simulations (Ebisuzaki, Kataoka)
Terrestrial environment is affected by space environment such as cosmic rays and solar UV rays.
It has been suggested that galactic cosmic rays create atmospheric ions in the troposphere, and the



ions can be the nuclei of aerosol formation to produce the cloud condensation nuclei. Consequently,
terrestrial albedo possibly increases to cool the Earth. As another important factor, global observation
of satellites is revealing the interaction between the troposphere and upper atmosphere such as
stratosphere, mesosphere, thermosphere, and even ionosphere, in which various kinds of space
environment have direct influence. We reproduced the revolution of Large and Small Magellanic
Clouds and Sagittarius Dwarf around Milky Way Galaxy by a numerical simulation based on the
line-of-sight velocity and proper motion to associate their motions as the cause of star burst events in
the disk of our Milky Way Galaxy about 2.5 and 0.7 billion years ago. The star burst events coincide
with Snowball Earth episodes and many other important paleogeo graphical events such as the
emergence and evolution of KEukaria and Metazoa. We are studying the relationship between the
macroevolution and cosmic ray increase.

3. Materials science of Earth explored by quantum simulation (Titaka)

The most abundant element in the universe is hydrogen. However, most of molecular hydrogen in the
Earth's atmosphere escaped into space long time ago. Today hydrogen exists as chemical compound
such as water (H20) and hydrous minerals, or as impurities in minerals and magma. Hydrogen is
believed to have dramatic impacts on the structure and physical properties of magma and minerals
from the surface to the innermost region of the Earth under high pressures and high temperatures.
Hydrogen is an important element related to formation of the primitive Earth, eruption of volcanoes
and dynamics of the deep Earth. Hydrogen also refers to fundamental questions of Astrobiology: "How
the Earth has evolved from space dusts to a water planet filled with life?" and “What is its future?”.
The MEXT fund for New Research Area "Materials Science of the Earth by Neutron Experiments
under High Temperatures and High Pressures" (PI: Takehiko Yagi) was approved in 2008, where the
materials science of hydrogen (water) in mantle and magma are explored by the one of the most
advanced neutron beam at J-PARC and experimental techniques developed by Japanese high-pressure
community. As a part of this project we exploit the state of art supercomputers and quantum
simulations to show the direction and to obtain the comprehensive understanding of experimental
studies.

(http://www.iitaka.org/~neutron/)

4. Development of a G-APD camera with sub-psec sampling and its application to bio molecular science
(Takizawa, Kawasaki)

Fundamental processes of bio-molecular activity compose a life. Timescale of its bio-molecular activity
is almost psec. However, imaging technology cannot resolve its activity enough in this timescale. Its
main reason is that there are not good detector with both ultra high-speed response and high detection
efficiency. So, we are developing a new camera system by using a Geiger mode Avalanche Photo Diode
(G-APD). G-APD is the next generation detector in place of CCD or CMOS detector. G-APD is known as
SiPM or MPPC and functions as silicon-base photo-multiplier tube. G-APD can detect a photon with
good time resolution like < 1 ns. The Strategic Programs for R&D (President’s Discretionary Fund),
Collaboration Research, "Development of a G-APD camera with sub-psec sampling and its application
to bio molecular science" (PI: ASI Y. Takizawa, Co-Researcher: ASI K. Ushida, BSI E. Muto, ASI Y.
Sako) was approved in 2008, where G-APD camera system, with 24x24 pixels and 10 nsec sampling, is
being developed and we will attempt to take images of 3 kinds of targets in 2009. These observations
are molecular motor measurement, protein dynamics measurement and 2-dimensional molecular
diffusion coefficients measurement. As a part of this project, Takizawa and Kawasaki is developing an
imaging system as the application of the JEM-EUSO detector system to bio molecular science.

5. Developing molecular simulation libraries for GRAPE-DR (Ebisuzaki, Matsubara)

GRAPE-DR chip is a massively parallel processor designed for scientific computation. A lot of scientific
simulations would be dramatically accelerated by just inserting an extension board with GRAPE-DR
chip into the extension slot of a general PC. We are making program libraries in order to accelerate the
molecular dynamics (MD) and quantum chemistry simulations using GRAPE-DR. So far, the libraries
include the real space pairwise interaction and the wave space part of the long range Coulomb
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interaction for MD, and the two-electron integral for quantum chemistry simulation, which are
well-known bottlenecks. These libraries were tested with GRAPE-DR 1 chip board, and found that if
the number of particles were large enough, using GARPE-DR could enhance these calculations more
than 20 times faster than the PC only case (Intel Core2 quad 2.66GHz). These libraries are provided as
¢ functions. Moreover, the library for MD is developed so as to be compatible with that of MDGRAPE
series, and thus programs for MDGRAPE would also be able to use this library with little modification.

6. Studies of human interface with advanced information technology (Ebisuzaki, Kaneko)

We are developing a real-time visualization system to assist intuitive understanding of simulation
results. For example, we contributed to develop the contents "Shinra Dome" in the Science and
Technology Museum."Shinra Dome" is the renewal version of "Universe Hall", and we are
collaborating to operate the system.We developed ReKOS, a friendly application software for
sharing the results among researchers. ReKOS is distributed as a free software, enabling
researchers to widely distribute their results for education in various kinds of schools. This year
we rebuilt ReKOS from scratch to improve the functionalities, keeping the compatibility with
previous version. The software was released as the new version (ver. 2.0) of ReKOS.
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