FIREH R T B g

Computational Astrophysics Laboratory

EEAZER B R (EE)
EBISUZAKI, Toshikazu (Ph.D)

F—FUTUR

1. BET R X —FHBROEROIZE D
FHT S & HIERSR - AR ORI A TS
=i CHUER 2 BRI 5

KB A T CHEERDTOFE A2 5
B LWE R E AR T 5

PUik 0D

F—U—F:

TR, MRz RrLX— BERETHAT—Yar, 79y h—, X—r~<F— El, HEKEE &
FIalb—rar, THEFEGEL. J-PARC, HUERGEHME., £ FmdfRf. Geiger mode Avalanche
Photo Diode (G-APD), G-APDHZ X 7| /31 alb—ar, BErfb, FKEE

TS

WEFZER Tld, MR 2L X —FHMH (10205 R/ b)) 2L, TORBBEREEZFRETH-OD
JEM-EUSO (Extreme Universe Space Observatory onboard Japanese Experiment Module) #Bf%& L
TW%, JEM-EUSOIZHIER KR Z Mg & UCRIH L, R O ER KB N T OB 5 6B 5 2 8L
95 0£5K2.56m, K60 DOMLEF & FF O A Eimsi CTh 5, = ER400km O#LE % J& [ L TV 5 EREF
HATF— g (ISS) OHAERM [X1F95) (JEM) OMAEBR TS v 74— LTSS, BN
400km D FHIE O HER K2 — BT 5, B KR =flioI1 3Tt o b & THlRRIND TET,
201 TAEEH T EIF 2 FEL T 5,

F oMUz, SR AHERIICE 2 2B, L ITER D R X —/N— 2 FDSHIER & SBR[ 2 &N 7= A ]
BEMEZME L TV D, F70, EREE DB 2 i3 5 72D O G-APD MHZRIC L 2 ElEEE T A Z
DBZE. T—2 D) TIH A LAAHUALEHT OG0T AT 2, IR 2 7E 8 N E LT nwr 7
Vor—3a Y7 NReKOSOB%, FHREBOBERNH L E%21T> T 5,

1. BETRVX—FHEE GF, wEE, I, RI5, HE, =)

JEM-EUSO 1%, T bR A B CFEEMD &0 5 F LVESOBIHPERE “Hrs” Thb, EERN
400 km O#LE E%5 90 4 CER L TWAERFEH AT — 3 > (ISS) O HAERF [X1F5 | (JEM) ®
ISNFEER T T v b7 4 — M S, B EEE CHIER KK ZBM L, 1020 E AL~ (eV) #@
2 D MRIRT R X —FHRBEL M 2L 2 5,

MR = L X —FHRITHERO KRR DO JFE 71 L EZ22 L CEICET - BB T - Vo~ X o ks
FNHTEZER Y YV —%2 BT 5, 2253 vV —HOET R =B II R DOEFES T2
L CERIMRE i &8 %, JEM-EUSO 132 0 & & bl SN 7=2EHE0 10 b Sh 5 8t % 2.5
~A 7 aBORFMERECTRGE L, Z50 v 7 —0ORiEEZK 0.5 kmX0.5 km (fE5##EE 0.07 ) DZER
IIRRETC ST IR T 5, Zhic k| RT3V —FEHBRO T XX — LB T ERET D
ZLENRTEDS, ZbiE, 100 EhHFa A— bbb 1A T ERRELMRELRVWDT, LE<o
T S CER OER A TTREICT D Z M L LIFETH D, JEM-EUSO 1L, FHLEEIT S Z &
&0 TREEAICEI IR 2 5Kk L, 3 R iEH TR 500 E 2 2 58 GZK (E>5X101%V) ki 154l %
BRI TR EINTND, 1020V LI EDO T VX —FFroki 113, SRS T ERE Lo 5
T (BHFOBHE) AT E > T SHIERICRET 2 DT, Bk A2 WU R KK EFET D Z ENTE 5,

JEM-EUSO [Z# Dz h, BETRALX—=2— U JICLAER L YUV —F, &b, AR EDK
SEN ORI S 8 b 2R - BRSBTS,

WHFEEE L. JEM-EUSO Z#ede+ 2 hFEES LT, 13 »E(E A, KE, 42V T, 759, F
AV, ALV R=F R, 2AaRxX¥xT7 IAHIT, a7, Axva, wgE), 77 WIEkR OFEE

WFFEEE



(2011 4E 12 ABIIE) 2 Lens, JEM-EUSO OS2 T\ 5, JEM-EUSO 1. HA® H
IIBuesy hTHH ET S, HTV (H-II Transfer Vehicle) TISSIZEIZTN A FETH S,

JEM-EUSO Him#iid #8559 2.6m T B KOEITLEEE TH 5, EITLEHIT, 1897 Flv—F X
RKILHED 102em JETEmBEN R SN TLK, L XOEE & AIZEDT-DIZ 100 4ELL EIChi=z> T, X
DRERMIMELNTI o7z, TNHORMBEIT, BREY L 3Ly B LOEPHEFE L v XOHUE
ZRIREIC L7 REGE BRI THF O 7 L —2 2 — Gk L. KEZIEM TR L HECRIEL C
WA 7 Lp Vi Lo XoRMEN (A£E 1.bm) 3 Kedsemk Lz, KET 7 3= KIS T 562
HEROFE R, RE B0 OENMREE ST,

http:/fjemeuso.riken.jp/

FRIR %L % — M ME B 225 o v U — % 1SS 7 5 B 5 JEM-EUSO (A8f2[2)

SRk 23 AR BE



SERR L= 7 LU ovihim L v X0 ES (048 1.5m)

2. FHELHERSOBRERD (G

JFARMIZ, TEEEZ o7 (22—24 (EERTE 5.5— 7.7 (SR SEREHEFHOFRIL, BE 10 FE0%E )
oL TINETEISONERNoT, bivbitd, ZHUBROJNGRFNAF —N—ZX & Z L
Tk, MBEELOEBNRfE, SOIITMBIOBHRERBEER LI LIZL D LW I E T
TTRIEZRATND, TR HDORE L OEZGEBE T, HERICRE Y ECFEHBERRL - & FHERO 7 7 v
7 ANKE AT, HERDBIHCRVRE, DF 0 REREFEIZEDND Z LBy hotz, Fh-, RERE
FEFEOPIZH Y IR LB D | MWD B ARG B W RBESOEALY A 7 X, E5 0 2 EfH 22
RIS LTV D00 s Lven, SHTHOEESLEMOFERNOEONT, ROJIER O A Z —/—Z b
Hidiix, B RERRIEANCIE T L2 RERERE OB & — 8 LT\ 5, BEEZEOME O GLTHERE
WENBEWIRIBHERRY O I SN D TR @V, 2O X 5 REEH L, KJEEE L & bic, FH
MBHICE D7 ) AOREELRZBNT, B o7 ) 7 OEMELRIBREEHE L WREENH S, £, #%
DOFEARITIE Z - 72 5 [ O A KK b AR O B EMEOFER CTH 5 alREME LG L T 5,

3. BF U Ial—valikrHiEREBREOWMERE (805

KRFBIXFHKZOILHETH LN, HIERRKK T OKES FIXFH LB L TLEW, BIEOHERTIIKFEIX
KH20)RLEKIW 70 EDALE S D NI~ TV~ OARM & UCTHFEET D, ZOKFBIZHENSH
BRGSO @R EEK E To~ I~ - I OREESCHMEICBIN R LY 5 2 JFIGH-ERTE R, HIEREH
RKIEKDF A F 7 AR LI EELHETH D, - IFHOENSHERN XD X 5 IcWE
LTAEMEBBOKOBE L7, TLTEI D)) LWH, FHAEMZORAMEICHEET 5,
Rk 2 0 AR EEAR O F AN R e [l e e 328k T < HIEROWE RN ) (BRI © JUKRES)
TiZ, J-PARC ([ZBT DR b v 7 L-ULOHPET- B — A & AR TS Sz i delin o BB 2 AT
Higk o T~ bk IS O EREETICB TS~ 7 <, S hickiT5k#%F Ok) OWERS%
BRET 5, TOFFEMIEO—2E L THRAXIIHRA Ny LNV DA—R—a L Vo —F LRimDE T
Ral—varEEMEL T, HiER - MENHOEEF TOWEOHELEMFEI L L2 HET, T CIIE
JEJIF CTOREUEA & o OfEEEIEDI R, ¥ 7 VIKFEEAEROFRULTFHE S OV 72 & O %2 281725

WFFEEE



Ho,

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

4. G-APD RHBIZ X 2EHEERED A 7 ORR L EESTFRFE~OEA (GEE, I, 5A)

RS TF OB E LCid, RESOMEIE TH D sub-nsec & W9 @Rt ¢, Amz w5 A0+ oOFRiEE%E
T 5222 HEL. G-APD WA ZICLD@mBRIE T AT LAORELIBZR>TWDH, ZDOH AT,
CCD < CMOS Dt 2 kit 3+ Geiger mode APD (G-APD)Z W T\ 5, G-APD Wi 3.
SiPM, MPPC & LCTHAEIDIL, MERDIEE G E IO D8 LWERFE T TH 5, G-APD iL, CCD
AT BRI TR B BLR 21 2 5B EMICIE< 1 ns ORFFSREET 1 TN TE 5,
Tk 20 FEHIROBEERE 7 7 > F (#EE) [G-APD M X 5 @@ E D A 7 OB% & ARG 1#
ZAOISH] T, 16 x 16 WFE, FiAH LIEFM 6 ns @ G-APD 8 7 A 7 #BAR L7-, 1.2usec o7
Yo7 L—hKhTO 40nm 2021 RE XL, HeLa MR ® 80nm 4 =2 21 FOMGIEHEOIRE Z1T->
7=

5. BERHRENEE Lt a—~v (¥ —T c— RO Gk, &71)
VR ab—va VRERIZOWTO NB OERI R BR 2 BT D720, T —2 DU 72 A Kaldifedi
WOHFIE L v AT MMEREIT-> TN D, BRI = R— AR — L RSEIE SN IR ERY T H —

[T R—L4) MR LT, TOEEE a7 Y ORWEICH &k T b,

Fo, WS A RE N A LT WT Y r—2 a7 b ReKOS OB EZH#HEH#E LT, ZD Y
TR T ERWDSZ LICED, FRRREE IS FRBE., S EOHEBL TCIEHTE 5 L 912
bbb, 7V =V 7 e LTERAMEIT> TS, AYT70 27 2N ZERICHEELE LT
Ver.2.0 2 U U —A LTz, ZHIEBfFEN—Y a v EOEBERFR LR S, R EDM L, X
D ZHEEECTHRIME DB WY AT AL OEHEZ A[REICT 5 D TH D, Ver. 2.0 _X—F L, AR %
FUTC, 2011 4E5 A, 2011429 H., 20124E 1 H o 3 [AllZ47=-> T WEB ABH L 7=,

Key Sentence :

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

2. Investigation of the relationship between galactic and terrestrial histories
3. Understand the Earth quantum mechanically.

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

5. Create a new method of scientific visualization

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, Bio
molecular high-speed imaging, Geiger mode Avalanche Photo Diode (G-APD), G-APD camera,
molecular simulation, scientific visualization, formal education

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 IT 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. They also include development of a G-APD camera with
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sub-usec sampling and its application to bio molecular science, development of ReKOS which is a
friendly application software for sharing the results among researchers, and education with computers.

1. Investigation of Extreme Energy Cosmic-Rays (Ebisuzaki, Takizawa, Kawasaki, Shinozaki, Mase)
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 10!® 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.

The JEM-EUSO telescope has a super-wide Field-of-View (£30°) with two double sided curved

Fresnel lenses and records the track of an EAS with a time resolution of 2.5 microseconds and a spatial
resolution of about 0.5 km (corresponding to 0.07 degrees). These time-segmented images allow the
deermination of the energies and directions of the primary particles.
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.

JEM-EUSO has been selected as the candidate mission of the second utilization of JEM/EF. A
two-year-long Phase-A/B study has started. JEM-EUSO is planned to be launched around by the
Japanese heavy lift rocket - the H II B, and then conveyed to ISS by HTV (H-II transfer Vehicle).

The JEM-EUSO telescope is the ever largest refractive telescope with a diameter of 2.5m. Nano
precision fabrication technology allows to make highly transparent lens for JEM-EUSO. It uses the
Fresnel lens to reduce mass of the lens and eliminate color aberration of the optics.

We succeeded to produce a set of three Fresnel lenses with diameter of 1.5m experimentally with
Materials Fabrication Laboratory. They showed a good focusing performance in the optical test done in
University of Alabama in Huntsville as designed.

http:/fjemeuso.riken.jp/
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Extensive Air Shower (EAS)

Eperimental Fresnel lens with diameter of 1.5m
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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. Materials science of Earth and planets explored by quantum simulation (Iitaka)

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 understand the properties of materials under high pressure inside Earth and planets.
We have discovered new crystal structures of solid methane and new chemical bonds between silane
and hydrogen molecules.

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

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

Fundamental processes of bio-molecular activity compose a life. Timescale of its bio-molecular activity
1s 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" was approved in 2008, where G-APD camera system, with 16x16 pixels and 6
nsec sampling, has been developed. We observed scattering light from 40nm diameter Au colloids and
motion of 80nm diameter Au colloids along a wall of HeLa cell.

5. 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 1s distributed as a free software, enabling
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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. Period limited
2.0 beta version was distributed on a web site three times of May and September, 2011 and
January, 2012.
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