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Key Sentence :
1. Explore the origin of the extreme energy cosmic-rays
2. Clarify the formation and evolution of a life planet

Key Word :
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Outline
We promote the studies of extreme energy cosmic rays, formation and evolution of a life planet, and

wakefield acceleration in the accretion disk jets around a blackhole.

1. Investigation of Extreme Energy Cosmic-Rays (Ebisuzaki, Takizawa)
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EUSO is a new type of observatory that uses the earth's atmosphere as a detector. The sensor is a super
wide-field telescope that detects extreme energy cosmic-rays with energy above 10!® eV. EUSO
instrument can reconstruct the incoming direction of the extreme energy particles with accuracy better
than several degrees. It's observational aperture of the ground area is a circle with 250 km radius and
its atmospheric volume above it with a 60-degree field-of-view is about 1 tera-ton or more. The extreme
energy particles can be traced back to their origin by their measured arrival direction with accuracy
better than a few degrees. EUSO will also observe atmospheric luminous phenomena such as lightning,
nightglow, and meteors. We have joined KLYPVE mission to provide a corrector lens, Russian
photomultipliers, a laser head to enhance it’s ability sevenfold. Furthermore, space debris observation
with EUSO telescope and their remediation by high power pulsed lasers.
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Artist's conception of the JEM-EUSO telescope observing air shower.

2. Study of Space Debris removal by high intensity lasers. (Ebisuzaki, Takizawa)

Space debris are increasing in number in the process of space development. There threat to the
spacecraft become significant. In particular, the small objects less than 10cm are believed to be most
dangerous. We found that superwide field telescope, developed in EUSO project, can detect and track
space debris with the size of 0.5-10cm. We may deorbit them by shooting a high intensity laser beam.
We conduct technology development for the debris removal.
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Concept of our technical demonstrator of the laser removal of debris aboard International Space
Station. It consists of the EUSO telescope for acquisition and a CAN laser system for tracking and
impulse delivery for cm size debris.

3. Study of Formation and Evolution of a Life Planet (Ebisuzaki, Imaeda, Iitaka)

New project of KAKENHI, "Hadean Bioscience" has started in 2014. The laboratory leads the A05 Life
Planet Group. We will clarify how the Earth established "Habitable Trinity" in which the materials and
energy

circulate in three major components: Landmass, Ocean, and Atmosphere. The necessary conditions are 1) It
has a appropriate orbital radius and a small eccentricity so that the surface temperature is always kept in
the range of liquid water. 2) The level of green house effect is appropriate depending on the distance from
the central star, 3) The amount of water is appropriate so that the depth of the ocean is around several km.
We construct numerical model of an accretion disk around a protostar and found that solid particles
accumulate at two site in the disk to form planets rapidly.

4. General relativistic magnetohydrodynamic simulations of relativistic jet formation (Ebisuzaki,
Mizuta)
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Bipolar outflow formation from a part of accreting gas onto the black holes is observed in the Universe. The
outflow is well collimated and its bulk velocity reaches almost speed of light. It is one of the important problems
for astrophysics to understand why the accreting gas can overcome the gravitational potential of the black holes
and how the outflow is accelerated to relativistic velocity. When magnetic fields which is amplified in the
accretion disk are supplied onto the black hole with accreting gas, Blandford-Znajek process can work to extract
the spin energy of the black hole. We have been working for general relativistic magnetohydordynamic
simulations to verify how Blandford-Znajek process work. When non-axisymmetric mode grows, we observed
intermittently outflow. This can be applied to the wakefiled acceleration model by wakefiled acceleration for
high energy cosmic-ray acceleration up tp ~ 10%eV.

5. Analysis of plant and plankton mutants induced by particle radiations. = (Matsuyama)

The entire nuclear genomic DNA sequences of the model plant: Arabidopsis and rice are known and
plant genome science has changed the whole aspect of situation. Using their information, we have
developed an in silico genome wide scanning system (Vi-RLGS system) and have applied to not only the
analysis of plant mutants induced by particle radiations (ion and proton beams) and soft X-rays, but
also mouse and microorganism genome analysis. The rich knowledge of repeated sequence that is
non-cording region have stored and found out the interesting Arabidopsis and Citrus mutants induced
by particle radiations through the process of the above studies. Using them, we have developed useful
DNA markers for the resolution of various problems of plant variety protection (DNA marking project)
and the isolation of novel genic resources for the new phase of plant and plankton breeding. In addition,
we are applying the above data for the field science using agricultural plants.
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