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Computational Astrophysics Laboratory promotes EUSO (Extreme Universe Space Observatory) mission that observes
giant-air showers by ultra-high-Energy cosmic ray from the orbit. EUSO is a super wide-field (60 degrees) telescope with a
diameter of 2.5 meters planed to be installed in International Space Station. It will be built under the collaboration of Japan,
US and Europe that have responsibilities for optical systems, focal surface detector, and electronics, respectively. We have
developed MAPMT for the focal surface of EUSO and performed the simulations of air-showers produced by the ultra-high
energy cosmic-rays. 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*?, Sato*z)

Focal Surface (FS) of EUSO consists of about 6,000 multianode photomultipliers (MAPMTS). The insensitive region must be
minimized to detect faint UV light from the Earth. We developed a multi-anode photomultipliers in which a grid electrode is
added between the photocathode and the first dynode so that the photoelectrons are weakly focused on the first dynode. We
succeeded in increasing the effective detection area (95%) by using this MAPMT. And, we are developing a trial model of Photo
Detector Module (PDM), which is a basic unit of the FS of EUSO. The PDM consists of 36 MAPMTs. Furthermore, we are
developing EUSO simulator in cooperation with Saitama University and Aoyama Gakuin University. The EUSO

simulator has 3 parts, air shower generation, optics ray tracing, simulate of FS detector. We ported AIRES to the computers in
our laboratory and performed the simulations of the air shower produced by the interactions between the Earth's atmosphere
and the ultra-high- energy cosmic-rays. We are trying to search the method of acquisition of signals of air showers using the
EUSO simulator.

2. Astrophysical Simulations (Ebisuzaki, Nakasato™, Ibukiyama™)

We have studied run-away merging process of high mass stars occurred at center of dense stellar clusters. This process is
induced by close encounter between high mass stars followed by mass-segregation of high mass stars. Specifically, we have
done hydrodynamical simulations of close encounter and collision process of two stars with the Smoothed Particle
Hydrodynamics method. Accordingly, we have obtained following results (a) during physical collision of two stars followed by
close encounter, orbital angular momentum is converted into rotation of a collision product. This merged star has rapid rotation
especially at outer region. (b) after the merging event, two stars are completely mixed up. if two stars are identical. But if two
stars are different, a less massive star eventually sit at the center of the merging stars because of its higher central density.

3. Studies of human interface with advanced information technology
(1) Study of real-time visualization (Ebisuzaki, Takahei*z)

To help in intuitive understanding of simulation results, we are developing a real-time visualization system. This year, under
collaborative research project of 4D digital universe visualization with the National Astronomical Observatory of Japan, we
developed software framework of real-time visualization for various stereoscopic display devices. It is useful not only for the 4D
digital universe contents, but also for real-time visualization in other fields of science.

(2) Computational science and technology (Ebisuzaki, Kawai*?, Takahei*?, Kaneko*?)

Computational science and technology are useful tools to transfer concepts of complex phenomena in an intuitive way. We
are developing application software with which researchers can share research results. By using this software, research results
can be widely utilized at various kinds of schools. This software is named ReKOS and distributed as free software. This year,
we improved this software and utilized it for social education with the Japan Science Foundation.

We also promote a scientific live show "Universe" in cooperation with the Science Museum. This kind of collaboration is
jointly undertaken with the public affairs office of RIKEN.
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