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Key Sentence :

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

2. Investigation of the relationship between galactic and terrestrial histories

Key Word :

cosmic-rays, extreme energy, International space station, black hole, dark matter, cloud nuclei,
terrestrial environment, quantum simulation, neutron scattering, J-PARC, mantle, magma,

Outline
We promote in JEM-EUSO (Extreme Universe Space Observatory onboard Japanese Experiment
Module) mission to explore the origin of extreme energy particles above 1020eV. It observes giant-air
showers by extreme 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. The
feasibility study and conceptual design has continual for past three years under the collaboration with
JAXA, RIKEN, and the JEM-EUSO international collaboration of thirteen countries (Japan, USA, Italy,
France, Germany, Spain, Switzerland , Poland, Slovakia, Bulgaria, Russia, Mexico, Korea) JEM-ESO is
planned to be launched around 2017 by the Japanese heavy lift rocket - the H II B, and then conveyed
to ISS by HTV (H-II transfer Vehicle)

Other active studies include studies on the relation of galactic environment with the Earth’s surface
environment. In particular, we explore the possibility that a starburst in our Milky Way Galaxy lead
the snow ball Earth events in the past.

1. Investigation of Extreme Energy Cosmic-Rays (Ebisuzaki, Takizawa, Kawasaki, Tsuno)
JEM-EUSO is a new type of observatory that uses the earth's atmosphere as a detector. JEM-EUSO
will be on orbit on the International Space Station (ISS). It observes transient luminous phenomena
taking place in the earth's atmosphere caused by particles coming from space. The sensor is a super
wide-field telescope that detects extreme energy cosmic-rays with energy above 1019 eV. This
remote-sensing instrument orbits around the earth every 90 minutes on board of the International
Space Station at the altitude of approximately 400km.

JEM-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. JEM-EUSO will also observe atmospheric luminous
phenomena such as lightning, nightglow, and meteors.

http://jemeuso.riken.jp/
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2. Investigation of the relationship between galactic and terrestrial histories (Ebisuzaki)

The cause of the Snowball Earth events at 2.2-2.4 Ga and 0.55-0.77 Ga in the Proterozoic eon remains unknown in
spite of the intensive studies in the last decade. We here present the star burst model of the Snowball Earth. Frequent
and prolonged encounters with nebulae (dark clouds and supernova remnants) take place during a starburst of the
Milky Way Galaxy. The increase in flux of cosmic dust particles and cosmic rays during these nebula encounters lead
to global super-cool climate, in other words, a snowball Earth event. The individual nebula encounters may
correspond to the substructures of super-cool/super-warm cycles in a Snowball Earth event. The star burst periods
deduced from the ages of stars and star clusters coincide well with the Snowball Earth events reconstructed from
geological records. The direct evidences of the nebula encounters, on the other hand, can be obtained from deep sea
sediments deposited during the Snowball Earth events. The radiation dose due to the cosmic rays leads genomic
instability, which may produce Cambrian explosive explosion of life. The mass extinction events, like “Big five,” may
also be caused by such nebula encounters, which took place in later Phanerozoic era.

3. General relativistic magnetohydrodynamic simulations of relativistic jet formation (Ebisuzaki,
Mizuta)

Bipolar outflow formation from a part of accreting gas onto the blackholes is observed in the Universe.
The outflow is well collimated

and the 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 blackholes and
how the gas is accelerated to relativistic velocity. Blandford-Znajek process is the model which uses
the rotation energy of the blackhole via magnetic field amplified in the accretion disks. The process is
one of the promising models which can explain the relativistic jet formation.

But large-scale numerical simulations are necessary to investigate this model carefully, since
theoretical model is based on very simplified situations. We have done several test simulations for the
jet formation by general relativistic magnetohydrodynamic simulations. We confirmed the magnetic
field amplification and the outflow formation. The improvement of the code to achieve much better
numerical resolution is ongoing towards more ralistic numerical simulatiosn.

An intense wakefiled is stimulated in the plasma, on which a high intensity laser beam is focused,
accelerates charged particles. This mechanism attracts the attention of researches as the new
technology to break the limit of conventional accelerators. We studied the wakefield in the jet
launuchrd from an accreting blachholes and found that it can accelerate protons up to 1020eV.

4. Application to dosimetry after the Fukushima accident of techniques for particle detection in space.
(Ebisuzaki)

LANFOS is a project approved by JST to design, construct, test and calibrate a next-generation,
high-performance, high-sensitivity detector capable of measuring the amount of radiation in food and
material due to Cs and other radioactive isotopes. The detector, employs the latest technology developed
for space-borne particle physics research such as the antimatter spectrometer PAMELA, orbiting the Earth
for more than 5 years and the JEM-EUSO experiment to study Extreme-Energy Cosmic rays. The
instrumentation (detector, front-end and readout electronics...) and techniques used in these experiments
are particularly suited to be successfully employed in the construction of a next generation radiation
detector. The characteristics of LANFOS are be 1) non-destructive food sampling; 2) large sensitive volume,
to be able to test various types of foods or material (e.g. Vegetables); 3) high geometrical efficiency, covering
the whole solid angle (4) and photon collection efficiency; 4) easy to use; 5) do not require high voltages; 6)
low cost once produced in large numbers; 7) compact and transportable.

5. Analysis of plant 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 mutants of chlorophyll
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synthesis induced by particle radiations through the process of the above studies. We are applying the
development of 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 breeding,
environmental and evolutionary earth science fields.
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