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Assessment Report of Research and Development Activities

Activity: “Advanced Science Research” (Pre-Review Report)

Advanced Science Research Center

Japan Atomic Energy Agency
Tokai-mura, Naka-gun, Ibaraki-ken

(Received October 4, 2010)

Japan Atomic Energy Agency (hereinafter referred to as “JAEA”) consulted an
assessment committee, “Evaluation Committee of Research Activities for Advanced
Science Research” (hereinafter referred to as “Committee”) for prior assessment of
“Advanced Science Research,” in accordance with “General Guideline for the
Evaluation of Government Research and Development (R&D) Activities” by Cabinet
Office, Government of Japan, “Guideline for Evaluation of R&D in Ministry of
Education, Culture, Sports, Science and Technology” and “Regulation on Conduct for
Evaluation of R&D Activities” by JAEA.

In response to the JAEA’s request, the Committee assessed the research program and
activities of the Advanced Science Research Center (hereinafter referred to as “ASRC”)
for the period of five years from April 2010. The Committee evaluated the management
and the research program of the ASRC based on the explanatory documents prepared by
the ASRC and the oral presentations with questions-and-answers by the Director and the
research group leaders.

This report summarizes the result of the assessment by the Committee with the

Committee report attached from page 7.

Keywords: Advanced Science Research

This evaluation report presents the result of third-party evaluation conducted based on “General
Guideline for Evaluation of Government R&D Activities” by Japanese Cabinet Office, etc.
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The Advanced Science Research Center (ASRC) of JAEA was created as the
avant-garde research organization within JAEA. JAEA is a strongly mission-oriented
technical agency with a specific purpose of developing and safe-guarding the atomic
energy program in Japan. ASRC, on the other hand, is the world-class center of
basic research with goals far transcending the core mission of JAEA. Thus ASRC
plays an important role as the gateway for JAEA to the scientific communities in
Japan and the rest of the world. It attracts young talents and contributes to
enhancing public confidence in the agency. ASRC is also leading the wave of
internationalization, and is adding increased international flavor to JAEA. The
selection of internationally well-known Prof. Maekawa as new Director is
outstanding, and sends the right message to the community. ASRC now has an
excellent opportunity to become one of the most prominent world-leading research

institutions. The committee enthusiastically endorses the goals of ASRC.

ASRC 1% JAEA OH ORIE LM E L TRYLINTEHDTH D,
JAEA IZHARDFEF B 5 EEOBIRE & ZEMERE W) BED B &2 H
L, TOMEBEITE M INLMEKE TH 5D, —J7 ASRC X JAEA O H L
HEAS 2 8 2 7o R 28 o A AR T 5, W 212 ASRC 1% JAEA &
ENA DM E OB L& E L CEEREE Z R L TCW5D, T
HLUEWFRRAEEZ DT DL LB BENTOREEEDDLIZLETHLH D,
72 ASRC IZEE L &2 & L, JAEA OEEHEAZED 5 DICEERL T
B, v —RELTEHEBENMAEOSWEIIBIR 2 HE L2 L i3EH
TNEZ LT, WAOREMHEIC EFEDORA v —V 2B BELTWD, &
ASRC 1T RO ITHFE E 70 5 BES LWEE 22T b, BB
21X 2D ASRC O HIFEZ 58 < XFFT 5,

In order for ASRC to fulfill its promise, however, strong and sustained
commitment by the leadership of the JAEA organization is essential. The financial
burden of ASRC to the entire budget of JAEA is minuscule (0.15% for discretionary
budget, 1% even with personnel cost), whereas its impact can be immense. The
committee recommends its discretionary budget to be increased at least by 20% in
order to maintain the international competitive edge. For instance the budget for
travel, foreign travel in particular, does not appear to be adequate. It is vital for
young researchers to travel abroad and interact with scientists in the world. Even
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though all the institutions under the Japanese government are being scrutinized to
reduce spending, the fiscal pressure should not compromise the unique character of
ASRC. The administration should restrain itself from weakening ASRC by
restricting its freedom and financial agility in an attempt to save a small amount of
funding. For instance, when a project is moved from ASRC to other parts of JAEA,
the positions and the budget associated with the project should not be taken away

from ASRC. The moved project should be replaced with a new project.

L7 L ASRC BNZDffifnZ R T 5 720121E, #fik s L To JAEA OfFE
INZEES B Ok 2B 5N AR R TH D, ASRC OH 76T ThAH
I BEH L 72 WFZE R RSk L CL JAEA 2K0FHEICHIT D ASRC ~DEL/y X
XLOTHIEY (HHICKHTEX 505 T AL JAEA 2D 0.15%., AMfE
EEDETHH 1%), ASRC BEBEMBS N EZHRET7-0I1Cb, ALZES
IZTASRCHHEHEED TEAZ V2 EH20%ENT 5 Z & 281535, 61 21X,
BEOTHERTIE, ., FROENREITHo &by, BHOEFseE »
Wb b & AP ORZET-L ERWT 5 2 LA R Th D, AR
B OHR T TR TOMEHENZHEZ RN TS LTV, 20
MBI EIIZ &L - T ASRC OFFEa R Bebin b XETlEvw, DEEOTEA
KINT=lz, ASRC O HHE L EE&M 2 EEEZHIRT D2 ik o T
ASRC Z#HR{b &2 L5 2EFHITET 2 RETH D, HlziE, BDHTRrY
=7 N3 ASRC 7° 5 JAEA NOMOEEIZBE T HBICIE, Y%7 rny =
FDONEHE FTEMILASRC 2bHIET 22T, HriLnwryry=2 b
ROVICEHTXETH D,

The last point is immediately relevant, because indeed some of the committee
members feel rather strongly that some of the research projects be moved out of
ASRC, even though they are scientifically excellent and are very relevant to JAEA.
The committee is concerned with the fact that only a minor portion of the projects
are genuinely new projects started by the new Director, and other projects are
continuation of the old projects with some changes in direction. This situation is not
consistent with the idea and goals of ASRC. A number of projects currently
supported by ASRC are technically demanding and require long preparation and
commitment, beyond the 5 years targeted for ASRC. Even when they are
scientifically excellent and are fully consistent with the mission of JAEA as a whole,
they are not consistent in nature with the mission of ASRC. They also tend to have
weaker interaction and synergy with the rest of the projects. These projects may be
continued outside ASRC, provided that appropriate homes can be found. Only new,
innovative, high-risk projects should be chosen for ASRC.
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HKEDHRA Y MNIRBEORETH D, ERL, W ONhDOMET —~< I
BRI b FEE S L JAEA L OBFEE RO TEHWH D TH 503, ASRC
MBINBIZBE LT BRWEMAPOEENE L TWD, Fier ¥ —ENH
WBL7e7ayzl O —HBEICHLVEDOTHY . ZOMIZLETIN G
DT —~ 2 SV EZTZHLDOTHDLENI ZEEZBEALTND, ZOWRNR
IZ ASRC OPE& & HEEIZHRAI L T 7ewy, BIfE ASRC C#fTHO7m v =
N DL AXEAMANCREE T, F O & il iX ASRC B EIE L 32 5 4[H
2O EEST L, TRODRREMICEED L JAEA OTBICELIC
—H L TW/EE LTH, ASRC DFEMOAREIZZS DRV Z Ll b,
INBIEEL, oy e OHAEERASCHEEDRIZZLY, 26
DO7r Yz 7 MEASRC AT 2GR H 5 & TEE 6 6 Tkt S
HONLELL, ASRC TIHEHMNA VA7 Tyl NOZRBDIRIIND
RETh D,

One of the projects in that category is the project #4, “Research in surrogate
reactions by Nucleon-Transfer Reactions Involving Heavy Nuclei” Whereas this
project is technically excellent and important to the mission of the JAEA, the nature
of this project is not quite consistent with the goal of the ASRC. This project may be
better relocated to the rest of the JAEA divisions. Another project which is on the
borderline with respect to the mission of ASRC is the project #5, “Study of valence
electronic structure and nuclear shell structure of super-heavy elements” This project
also is basically a continuation of an old project, even though they now have a new
leader from abroad with several new subjects proposed and are innovative and
technically excellent In addition the two biological research projects may be seen in
the same light. They are not intimately connected to the rest of the activities at
ASRC, and appear to be more closely aligned with the traditional main mission of
JAEA.

FEROHEBICEEFNLGI T a2l FO—2F 4 KD BETBITRIGIC LS
IR OGO Thbd, Z07aP =7 MIEMWICIZERKS L
<. JAEA OBEZERAEBEIEN ., TOMHEIZ ASRC O BEE &L IT—FH L2, =
D7 Yz MIJAEADHMOEFICEE L FRN L vad L7, ASRC
DFMOBER LICHEEH50Eo0F Y= MI b5 ED BHRITEOME
TREEBEZOBZMEEOMA ] ThD, Zo7mv=7 NHEIEETH LWL
V=X —%isnbllz, FEHICREINTZHEO W DT EFHNT
FRBOICIZHERE S LW, BEARMIIZLRI» S OffE TH 5, M2 T, £Y
FAHRD ZOoDMET —~IC LRI I ENREZDIN L LR, ZhbiT
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ASRC IZBT HMdiEE) & O E N E < | B 7e JAEA OLE & EL S
Mo TWNWHEIITHZ D,

Because the goals of ASRC are rather distinct from those of the rest of JAEA
ASRC runs risk of becoming isolated from the rest. We strongly recommend for
ASRC to maintain close contact with the rest of JAEA, not only with the quantum
beam physics groups at J-PARC but also with other more technical divisions, so that
ASRC truly becomes the gateway for JAEA to the outside scientific community.

ASRC @ H#JiE JAEA D OAFFEALAR D T EME N R 5720, IMSL L
TLEIEHREEZIZOATND, Fxld, ASRC 28 JAEA OMFEM, 372b
5. J-PARC O& 1 E—2YEICEHD 5B DAL BT, M OWFFEER R
ELEREREMAERDL, AYOBEWRTONTOZINHIERE OFBIELE L 2D
RS D,

The REIMEI program is an excellent avenue for bringing young talents into the
center. However, it is not clear how each project has been evaluated after the
completion of the project and how successful the program as a whole has been. It has
been proposed to open this program to international competition. Whereas this is an
excellent idea, the present size of the grant has to be greatly increased, by a factor of
two to three, to be viable as an international program. This point again is related to
the need of increasing the budget of ASRC.

AR REHI L, FOFREEE X —ICZITTAND TEDIIEHERBS L
EThHDH, L, 7zl METRIZENENO Ty =7 EBRED X
M EIND DN, F-T BT T AREKE LTORES E0 X 9123
HOMNZONWTIEARHETH D, 207 a7 T MIEBEHICAEZ{T-> TV
5o ZAUIEESLWT AT 4T TIEHHMN, HEW T 7T HE L TIEN
LTV 72121, BIEDARAEED 2~3 5D HBITHIZE L 22 1T U7 5720,
ZDRIE, ASRC ~DO FHEEFEOLEMEIZ HEEE LTV D,

B2 FRHEE BEIIaL—Ya ik AR Bl oA

A - 3 )

This group is at the international forefront of this field, and is expected to make
significant contributions to the correlated electron physics community. Whereas the
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subject matter listed are rather broad, it is expected that the group will focus on a
few important subjects within the area. The key to their effectiveness within ASRC
is the interaction with experimentalists. It is strongly encouraged that they will take
every opportunity to interact with the experimentalists not only within ASRC but

also those in the quantum beam physics groups at J-PARC.

DT N—TIEZ OIS BFICEB W TEBEMIZ S KATRICH D . IR E
FTYOBOSWICERLEREZT 2 MFIN D, BEINTWVD EFHITOR
JRFPHIZ K S, ZDREDRIN TN OO EELRRBEICESZKD 2 L
EHFELTZV, 36D ASRCICRBIT 2B EZMET 27200 X L5 E
DIXER TNV —T DWW NI THD, 55 ASRC NOAL 5T, J-PARC ©
BEE—LYBEOERIIN—T LTS E L O LR HELET 5,

B3 MERE o1 - T/ RIBRICBIT S A nEERE DA
At - )

Molecular spintronics is an exciting, highly competitive field. This group has an
excellent opportunity to make significant contribution to this field through the use of
graphene as spin injector. Although a number of technical difficulties are expected,
this project is exemplary as the high-risk high-return project of ASRC.

BFAEY b= 23R CHRAEOEWSETH D, ZO7 T
37772 B A CEACRATLZE T, TOGHICEKRETEREZ TS
Bait AL TWD, Z< O 2REIXITHEINDS D, ik ASRC O
AYVART oAV HE =Tl  OHIERDLDTH D,

ZEH 4 ERE BFAVYVLT O MKEBEESIEDIAE AL b
=7 2D
FEAT - )
This group utilizes the unique expertise in high-speed rotors at JAEA
with the spintronics to develop a totally novel idea of studying the coupling between

electron spin and mechanical rotation. The idea is excellent and quite exciting. It is
very important, however, that Prof. Saitoh becomes much more closely engaged in
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the ASRC research effort with appropriate financial compensation. The current level
of two days a month is hardly sufficient to ensure the success. Without his leadership

and expertise in spintronics this group will not be able to fulfill its promise.

D7 N—T71X, JAEA FEAEOEH o — X —OFEMERE A he=2

ZWH LT, EFAE S ENFEHEREZ ST DRI TaH Ly
74747%%%L1u50_®74747i%56L< s T LR R,
L LZ DT DI R b 72 G 28 215 T ASRC TOMFZEIZ LY
%%’%%fé ENEETHDH, A 2 EEWVDBUROREFRDILIL, K%
EIZTHDOIZEFEAR T+ THD, OV —FX—v v T A o b= AD
BN LT, 207 —70REZRZER0,

ZH 5 AIRRE BEFBITRISC XS ERFECREEDOHER

A E )

Special techniques which enable the measurement of neutron cross section of
unstable heavy nuclei will be developed. The science is excellent and the subject is
of great importance to JAEA. However, this project requires long-time commitment
to the development of special techniques. Actually it is a continuation of an existing
project. In spite of its technical excellence this project does not sit well with the goal
of ASRC as an agile cutting-edge research institute, and should be moved to other
technical division within JAEA.

AN TE HR -8 O H M- SO W i R O T E 22 RTRE LS 97 2 i ik 72 B i 4 BA 56
T5, ZOWRIZERFS L, JAEA [T > THUMO CEHEELRBETH 5,
LrL, Zo7ey=7 N TORBKRREMORRIZIE, EFMNICEE L TW
LT ERMETH D, EENLEGFO 7o Y=/ FofkiTh b, D7

Y7 MIEMAICEE L TWD L 0D, KM EIT IS Lo
ASRC O BAEIZIZHXT LbEAET . JAEA OMOMIEERBEH M ~B ) &
HRETH D,
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The goal of this project is to study atoms with superheavy nuclei by the
atom-by-atom technique. The unique effort of this group is now internationally well
recognized. Some of the proposed projects are novel and innovative, and can be
finished within 5 years. This project will explore the properties of elements beyond
Rf for the first time, and is likely to lead the field for some time. Very detailed
comments by Prof. Trautmann, who is an expert in this field, will be of great value to
this project. On the other hand, just as Project 4, this project requires long
commitment to the development of special techniques. It may be worthwhile to
explore the possibility of relocation of this project outside ASRC. The theoretical
aspects of many-body physics that could interface with Project 1 is a possible
argument to keep this project within ASRC. However, if the JAEA Tandem
accelerator is closed and the actual activity is virtually shifted to RIKEN, there will
be little ground to keep the team in ASRC.

Zo7ruyeZ FoOHBIE atom-at-a-time chemistry”(Z X 2B ER 1D
W ThHD, ZOTN—TREORYMATHREERENIZHLED LTINS,
W ONDORBEINTET BV =7 MIFHFNOEHT, 5 FLUHDET MR
ARECTH D, 207 v=/ MIRf LVRETFEZOREVITTEORMEZ WD
THERTH2HOT, LI 2O E2EETLTHAD, ZOHHOEM
EThHAHNITT MU EHBROHE LA ME, 20Fayxs MNIEoT
REBRMEOHHLDICRD, LrLZo7uy=7 hoMEIX, 4 HFAD
uYxs MNEKE, R EMOBRBICEYNICHEET OLERH D, O
=, KFavxZ o ASRC A ~DOBENO AHEMEZZEICANTH LW
L L, 1 FoXayers NEBEMITHZEDTE 52K 0 HHm
A, Zo7ay=7 b2 ASRCICHEO B ELVES, LrL, B L
JAEA D% 7 LIRS S v, EEOIEB N ZEMICHECE S & F
X, o7 N—7% ASRCIZETRILIIH V72172595,
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This is a truly outstanding exciting project which fits perfectly well to the
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mission of ASRC. Having Prof. Fisk as a leader renders tremendous boost to the
team. His deep knowledge and sharp intuition will most likely guide the team to a
great height of international prominence, if he dedicates enough time and effort to
this project. ASRC and JAEA should make every effort to make this international
collaboration a success and a showcase for the future projects.

VT ASRC DIEBICHEE—H LRICOIE LR Ry =7
Thbd, 74 A7HTZEY) —F—ZHZT-Z X, 2O NV—TDHEEL L
WEHLERSTWD, b LER SRS N EZ 0T r Y =7 MTHE
FIE, HOBRNEFREHWVEBILE - L P — T R EBEAICEEH T 5 LR
N~LBIE BEIFDHZ LA 9, ASRC & JAEA L. Z OEEW 12 lTh &+,
ko7 FOMELE T 72010, HHDIEIEAHIRETH D,
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]
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This is also an exciting project to investigate the complex condensed matter
physics of heavy elements in the new intermediate regime of spin-orbit coupling.
The goal of creating new concepts fits very well with the ideal of ASRC. Also their
ambitious target of creating new high temperature superconductors should be
commended.

ZOWRKENT Y s M, AV - UERAICS E O EHLE RS
Wy DRI IR AR B O IE T S, B LWBEE ORI & v 9 HAEIZ ASRC
AL B LTWS, BILWEIEBEERZ S DLW IHLDRE 72 HEE
FHER SN D& TH D,

BHY: MERE APV IUXRAEBEFLRERFELE N Fu v OEEREH

AEA ;o )

This is an exciting project which makes excellent use of J-PARC. This project
has a high potential to grow into a major project. The current level of support at
ASRC is inadequate to fully exploit the subject. It should be seen as a seed project,
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which, upon initial successes, will attract major external support.
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The goal of this project is to study the biological implications of actinide
nano-particles. The detailed comments by Prof. Trautmann and by Prof. Koyasu will
be of great value to this project. Although this project is an important component for
the mission of JAEA, according to the committee member who is an expert in this
field, this project is not truly expanding a novel scientific territory. Then this project
can be justified only within the broad mission of JAEA, but is not consistent with the
goal of ASRC. This project could be another candidate to be relocated to outside
ASRC.

Zovuyl NOBMIE, TIZF A K« F R ERICET DAY
PG5 OMETH D, NI U M~ ERENLEEROFE LA MIZO
TuT 2 FOFITICBWTKRERMBEOHL D THL, ZOT 0y
F28 JAEA DIEEOBEEREREZETHDLELTH, ZONHOEMZETH
LDZEICED L T A OB EEEZ AT 5 b O TIILT L7220,
Wz, TS L JAEA NOJAREOTHE CTHIVUXELLTZ 2000 Ll
WHALASRC DEFEET EZALIT—EH LWL, 207y 2 M ASRC
H~DBENREZ LN E D — DM S L,
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This subject is also fully consistent with the core mission of JAEA, but whether
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it is qualified as an ASRC project is questionable. The committee is not convinced
that this project is at the cutting edge of the field, when there are many similar
studies are being carried out elsewhere. Several technical problems have been
identified by the committee member (see the comments by Prof. Koyasu®). In
addition this project has little scientific and technical overlap with the rest of the
ASRC projects. The possibility of continuing this project outside ASRC should be
explored.

ZOT7T—<b, JAEA OFEE R B LITERIT—HLTNDEHDD,
ASRC 7 uy =7 b & LTIHEMORMMNES, AT TV Sb ML L
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Spin polarized positron beam has a potential to be a unique tool in the
condensed matter research. It will enable direct observation of the spin polarized
electronic bands in solids. Exploring this possibility is an exciting project, consistent
with the mission of ASRC.

A ARG E S B — MG R EM RO =— 7 Y — L L LTOR]
REEZA LTS, ZHICE > T, EERFTORE MREES /S N EER
BT 5 EbAREICR D, TOMREMEZERT L LIIRENRTn Y =7
FTHY, ASRCOEFH L —HLTWVD,

*This studies the effect of radiation on a chemical molecule, in this case, DNA. Using purified
materials may not tell us the mechanisms happening in the cell. Introduction of modified plasmid
may replicate or repaired quickly. In mammalian cells, it is unlikely that the introduced DNA is
properly modified by histones etc. to form chromatin structure. There are a lot of studies on DNA
repair in both bacteria and mammalian cells. What is a frontier contributing to radiation biology?
T2 OWIET —~ 1L DNA X 2 BUR B BRI MR Th 228, RSB 2 v T MM < o KRG %
HIONCT 22 LIETERNESS, EMiEN/ZT 7 AI ROBATEDNA T TIEC<HMELIIBERHIN D
5950, WILEOMMICE N T, SASNAZDNANRE X M SICE Y EFICEHENTr a~F Ul & B K
T5H I &EB 2, DNABEICET 2078, ME &K OWALBEOMIE 2 HRITIK<AThA TV D, ZOFET
— < DB ED FITIT D e mM R IRIL 2RI h,
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Research Programs in Advanced Science Research Center

W28 7 —~ FRAM

Research Subject (1)
Study on New Functional Materials by Numerical Simulations

Research Subject (2)
Spin-Transport Mechanisms in Molecular Spintronics Materials and Devices

Research Subject (3)
Spin Manipulation and Material Design by Combining Spintronics and High-Speed
Rotation Technique

Research Subject (4)
Research in Surrogate Reactions by Nucleon-Transfer Reactions Involving Heavy
Nuclei

Research Subject (5)
Study of the Valence Electronic Structure and the Nuclear Shell Structure of
Superheavy Elements

Research Subject (6)
Preparation of New Actinide Compounds with Exotic Behavior

Research Subject (7)
Foundation of New Concept in Condensed Matter Physics for Heavy Element
Systems

Research Subject (8)
Research on the Structure of Nuclei and Hadrons Containing Strangeness

Research Subject (9)
Study of Formation of Actinides Nano-Particles in Biological Reaction
Environments

Research Subject (10)
Biophysical Study of Molecular and Cellular Responses to Radiation

Research Subject (11)
Development of Advanced Positron Beams and Their Application to Materials

Research
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Research Programs in Advanced Science Research Center (ASRC),
JAEA
from April 1, 2010 to March 31, 2015

Research policy

The Japan Atomic Energy Agency (JAEA) has been conducting comprehensive
research and development in nuclear energy programs covering the entire range from
basic research to practical application including establishment of nuclear fuel cycle
systems. It is crucial to promote both project research and basic fundamental research
to solve today’s and future nuclear energy problems. The Advanced Science Research
Center (ASRC) has been conducting new frontier research related to atomic energy
sciences to discover new principles and phenomena, and, furthermore, to create new
materials and technologies. ASRC aims to be an international center of excellence
(COE) for basic research in atomic energy sciences.

Under the strong leadership of the Director of ASRC, advanced basic researches are
actively conducted with the advantage of research infrastructure of JAEA. Scientists
who have excellent research carriers and strong leadership in the world-wide are
invited to promote research subjects. Research subjects are selected carefully from
viewpoints of their originality as well as their impacts on research areas. The research
duration is limited to five years in maximum. The Director manages research groups to
produce prominent achievement and restructures flexibly, if needed, research groups to
deal with new subjects. In order to establish the COE in the world, cooperation with
laboratories, universities and industries in the world is strengthened. Fostering young

talented scientists is also one of the main tasks of ASRC .

Toward international COE

ASRC promotes the following programs to approach toward international COE;
1. Appointment of distinguished scientists as the research advisors
S. D. Bader (Chief Scientist, Center for Nanoscale Materials, Argonne National
Laboratory, USA)
N. Nagaosa (Professor, The University of Tokyo, Japan)

2. Invitation of world-wide leading scientists as group leaders

Z. Fisk (Research Group for Actinide Materials Science)
M. Schédel (Research Group for Superheavy Elements)
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3. Conducting international collaborations through the “Reimei Research Promotion
Program” (a funding program of ASRC).
Finding new ideas and innovative subjects and hosting international workshops
and symposia related to the ASRC research programs. Exchange and invitation
of foreign scientists to enhance research activities of ASRC.

4. Organization of Evaluation Committee to review ASRC from the international
viewpoint. The members are listed below.

T. Egami (Professor, University of Tennessee, and Distinguished Scientist,
Materials Science and Technology Division, Oak Ridge National
Laboratory, USA)

A. Fert (Nobel Prize Winner in Physics 2007, Scientific Director at the
CNRS/Thales Joint Physics Unit, France)

H. Fukuyama (Vice President, Tokyo University of Science, Japan)

P. Fulde (Director and Scientific Member at Max Plank Institute for the Physics
of Complex Systems, and Director of Asia-Pacific Center for
Theoretical Physics, Germany)

Y. Iye (Director, The Institute for Solid State Physics, The University of Tokyo,
Japan)

S. Koyasu (Professor, School of Medicine, Keio University, Japan)

T. Shikama (Director, International Research Center for Nuclear Materials
Science, Institute for Materials Research, Tohoku University, Japan)

K. Tamao (Director, Advanced Science Institute, RIKEN, Japan)

H. Toki (Professor, Research Center for Nuclear Physics, Osaka University,
Japan)

N. Trautmann (Honorary Professor, Mainz University, Germany)

S. Ushioda (President, National Institute for Materials Science, Japan)

Research programs

The following three research areas are taken up at the fiscal year 2010, and each area
has several advanced research subjects.

1. Advanced materials research

1-1. Group Leader: Michiyasu Mori

New functional materials by numerical simulation
1-2. Group Leader: Seiji Sakai

Spin-transport mechanism in molecular spintronics materials and devices
1-3. Group Leader: Eiji Saitoh
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Spin manipulation and material design by combining spintronics and high-speed

rotational technique

2. Frontier research on heavy element systems
2-1. Group Leader: Satoshi Chiba
Surrogate reactions by nucleon-transfer reactions involving heavy nuclei
2-2. Group Leader: Matthias Schidel
Valence electronic structure and nuclear shell structure of superheavy elements
2-3. Group Leader: Zachary Fisk
Preparation of new actinide compounds with exotic behavior
2-4. Group Leader: Shinsaku Kambe
Foundation of new concept in condensed matter physics for heavy element

systems

3. Research on radiation field effects

3-1. Group Leader: Ken-ichi Imai
Structure of nuclei and hadrons containing strangeness
3-2. Group Leader: Toshihiko Ohnuki
Formation of actinide nano-particles in biological reaction environments
3-3. Group Leader: Akinari Yokoya
Biophysical study of molecular and cellular responses to radiation
3-4. Group Leader: Atsuo Kawasuso
Development of advanced positron beams and their application to material

research
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Research Subject (1)

Study on New Functional Materials by Numerical Simulations

Group Research Group for Condensed Matter Theory

Member (Leader) Michiyasu Mori
(Researcher) Katsunori Kubo, Hiroaki Ohnishi, Jun’ichi Ieda
(Post doc.) Jun’ichiro Ohe, Hiroto Adachi,

Bo Gu, Mari Matsuo, Mamoru Matsuo

Objectives
We propose new principles and new functions applied to spintronics- and

correlated-electronic devices by using various numerical simulation techniques. For
this purpose, it is also necessary to reach new functional materials and new concepts
of condensed matter physics. The spintronics devices emerging from both spin and
charge degrees of freedom is not simply derived from the conventional electronics.
The strongly correlated electron systems like as high-Tc superconductor are expected
to be new functional material, while we need to understand physics behind the
electrons correlation. The electron internal degrees of freedom of spin, charge and
orbital is considered to be an origin of colossal thermoelectric power in the strongly
correlated electron system. We will quest new physics originating from the electron

internal degrees of freedom and the electrons correlation.

Scientific/technical merit

The vast world of condensed matter physics is developing toward new ear. In
particular, we can expect new physics and new functional materials by exploring
physics emerging from the electron internal degrees of freedom and the electrons
correlation.

Proposed is the theoretical work, which will be scrutinized by experimental studies.
Only after this examination, we will see new concepts and new functional materials.
Theorists need much communication with experimentalists and to keep in touch with
the latest experimental data. In the advanced science research center (ASRC), many
experimentalists relevant to the present research topic actively work. We can
collaborate with such experimentalists. This is absolutely big advantage of the ASRC
for the theory group.
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Goals
We try to clarify physics behind the electrons correlation in high-Tc cuprate,
iron-based superconductors, actinides, and to develop new functional materials. New
principles and new functions applied to spintronics devices, such as, “non-local spin-
and charge current converter at room temperature”, “ferromagnetic Josephson device”,
and “spin Seebeck device” will be proposed. Our numerical simulation techniques
will overcome various theoretical difficulties. Then, we will discover new functional

materials and its application to new devices.

Originality
Numerical studies on the spintronics- and the correlated-electronic materials have
been done by another group as well, while our simulation technique such as quantum
Monte Carlo, exact diagonalization and density matrix renormalization group, which
are useful for the quantum many body problems, come up to the highest standard in
the world. In addition, uniqueness is that the material development and the device
design are simultaneously carried out in this study. By using the next generation

supercomputer, a-not-yet-realized numerical simulation will be done.

Scientific and social outcome

The conventional electronics have been developed by controlling the charge degree
of freedom. By including the remaining internal degrees of freedom, spin and orbital,
and the electron correlation, we can expect new technology beyond the conventional

one.

International cooperation

The international collaboration programs by Japan Society for the Promotion of
Science, Japan Science and Technology Agency, and Tohoku University, help us to
obtain many successful results in collaboration with the following institutes: Delft
University and Technology (The Netherlands), University of Miami (USA), Max
Plank Institute (Germany), Institute de Laue Langevin (France), Zaragosa University
(Spain), Josef Stephan Institute (Slovenia), Institute of Physics (Croatia). We will

keep these collaborations and develop much further.
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Research Subject (2)

Study for Spin-transport Mechanisms in Molecular Spintronics
Materials and Devices

Group Research Group for Molecular Spintronics
Member (Leader) Seiji Sakai

(Researcher) Yoshihiro Matsumoto

(Post doc.) Yasuyuki Takahashi, Shiro Entani

Objectives
Studies are conducted for functional designs of molecular spintronics devices

focusing on graphene as a key material, which attracts growing attention as a

prominent spin-transport medium.

* Realization of highly efficient spin-injection into graphene sheet by employing
the hybrid structures of graphene / molecules and ferromagnetic metals.

* Pioneering approach into the boundary region between molecular and
semiconductor spintronics (e.g., spin-interconnection between graphene and
silicon).

* Development of a new microscopic detection method of spin-polarized current
and magnetization in graphene, molecules and the hybrid structures with magnetic
metals by using quantum beams (e.g., spin-polarized atomic beam and

synchrotron-radiation light).

Scientific/technical merit

Our research group has firstly established an original experimental system to
perform comprehensive investigations on the microscopic electronic / spin states and
also the spin-dependent transport properties of the graphene- / molecular-based hybrid
structures or devices in the field of molecular spintronics. This makes a remarkable
contrast to other studies in this field where investigations have been conducted almost
biased toward the device properties without knowledge on the microscopic material
states which would be indispensable to discuss the process and electronic origin of
spin-transport. Our experimental system is composed of the ultra-high vacuum
(UHV)-molecular beam (MBE) apparatus equipped with several inorganic and
organic evaporation cells, in-situ micro-device fabrication system and the
UHV-sample transfer system to the synchrotron soft X-ray magnetic circular
dichroism and photoemission apparatuses installed in Photon-Factory (KEK,
Tsukuba) and UVSOR (IMS, Okazaki). Utilizing this system, we have successfully
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found the giant TMR effect (MR~1000%) in the granular structured hybrid films of
fullerene and cobalt and, in addition, clarified nearly-complete spin-polarization at the
interface layer in the hybrid films during the last a few years.

We also have another important advantageous view point concerning the materials
and device designs. As for the designs of graphene spin devices, we propose hybrid
structures of graphene / molecules and ferromagnetic metals as a new promising
electrode for realizing highly efficient spin-injection into and spin-manipulation on
the graphene sheet. We have conceived the present idea stimulated by our recent
studies on the electronic / spin states in the hybrid structures or at the interfaces of
molecules and ferromagnetic metals, and also the mechanism of the giant TMR effect.
From the view point of materials designs, we will challenge to establish a novel
growth method of graphene sheets on ferromagnetic metal thin films with large area
and by controlling the layer number. This method can facilitate to develop graphene
spin devices composed of a well-defined graphene sheet as an ideal spin-transport

medium and the hybrid structured electrodes for the well-controlled spin-transport.

Goals
* Realization of highly efficient spin-injection into graphene sheet employing the
graphene- / molecule-ferromagnetic metal hybrid structures as electrodes.
e Establishments of new growth methods of the large area graphene sheets on
ferromagnetic metals and semiconductors also.
* Elucidation of the spin-transport processes in the molecular spintronics devices

by using quantum beams.

Originality

Our idea concerning the hybrid structures of graphene / molecule and
ferromagnetic metals stems from our own pioneering approach into the
molecular-level materials science in the boundary between organic and inorganic
substances. Our research procedure to investigate the spin-transport properties with
the cutting-edge spectroscopic techniques provides us original and unique chances.
We have already demonstrated the validity of this procedure on ascertaining the
spin-transport process about the fullerene-cobalt films.

Our challenges based on the unique ideas and approach will achieve a breakthrough
against the problems in the control of spin-transport properties facing the molecular

spintronics study and will lead the way to further functionalizations.
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Feasibility
Our group has a unique potential based on the abundant experiences on materials
science, especially about the investigation of structure evolutions in the
molecule-metal systems, their electronic structures and the device properties is a
unique feature to our group, which allows us to conduct challenging studies going

ahead of the field of molecular spintronics.

Scientific and social outcomes

Molecular spintronics study is reasonably believed to contribute to the
advancement of information technologies by developing highly functional and high
density spintronics devices beyond the present limits in future. From the fundamental
view point, the success of the large area growth of the graphene sheet will conduce to
wide ranged applications of graphene as a foundational electronic substance like

silicon.

International cooperation

Our group is ready to open for international cooperation at any time, and we have
already cooperated with two research groups in Russia and India concerning the
studies on the ion-irradiation effects to the fullerene-related materials and the
structural characterizations of oxide nanoparticles. One Russian theoretical scientist is
applying to JAEA fellowship to join our group as a research fellow. Furthermore, we
intend to consider new cooperation particularly about spectroscopic study on

molecular spintronics.
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Research Subject (3)

Spin Manipulation and Material Design by Combining Spintronics and
High-Speed Rotation Technique

Group Mechanical control of spin and material property
Member (Leader) Eiji Saitoh (visiting researcher)

(Researcher) Satoru Okayasu, Masao Ono, Rie Haruki
(Post doc.) Hiroyuki Chudo

Objectives
Interaction between mechanical rotation and electron-spin dynamics in solids will

be investigated in this group. This interaction may enable an actuator for sub-micron
scale objects using spin currents as well as a mechanical generator of spin currents.

Spintronics is one of the subjects of great current interest that will be essential in
next-generation electronics. Spintronics exploits both electron charge and electron
spin simultaneously so as to produce novel function and property of electronics
devices. The central concept of spintronics is quantum relativistic effects of
conduction electrons and transfer of spin-angular momentum. The former includes the
inverse/direct spin-Hall effects, which allow us to generate and detect spin currents
flowing in solids. The later is the utilization of angular-momentum conservation,
which has allowed us to transfer the spin-angular momentum among
conduction-electron spin, local magnetization, and photon polarization. These
phenomena give birth to a variety of material functions such as current-induced
magnetization reversal, and have already been applied to magnetic random access
memories (MRAMs).

Another angular momentum carried by solids is mechanical angular momentum
due to rotation of a body. By introducing this momentum into spintronics, a
nano-scale actuator and a spin-current mechanical generator will be enabled in terms
of the spintronics. We call this spintronics “spinmechatronics.” This, on the other
hand, requires us to expand the physics of spintronics and macro magnetism into
noninertial frame, namely, into the new system of spintronics based on the
generalized angular-momentum conservation. In contrast, to investigate such a
mechanical effect experimentally, high-speed rotation technique is required. In Japan
Atomic Energy Agency (JAEA), we have developed high-speed rotation technique for
isotope separation in condensed matter. This technique has originally aimed to control

the diffusion of atoms in liquids and solids at high temperatures, and we already
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enabled the rotation of a small element at 10°G. In this study, by combiningg this
developed high-speed rotation technique and spintronics, the physics for mechanical
control of spin and material properties will be investigated.

First, the rotation technique will be further improved and applied to magnets at
critical point of magnetic-phase transition as well as to nano-scale magnetic structures.
Next, spin-current generation from a mechanical rotation and spin-current-induced
mechanical motion will be investigated. We will also apply NMR to nano-structured

magnets and spin-Hall systems and investigate the nano-scale spin dynamics.

Scientific/technical merit

Physics of spintronics and micro magnetism will be expanded into noninertial
frame and the new system of spintronics based on the generalized angular-momentum
conservation will be established. This will also enable an actuator for sub-micron

scale objects using spin currents as well as a mechanical generator of spin currents.

Goals

1. Control of magnetization direction at the critical point of magnetic transition
Magnetization of Ni-Fe alloy is controlled using pseudo-magnetic field effects
(Barnett effect) of a mechanical rotation affected by the critical enhancement of the
spin susceptibility at ferromagnetic transition.

2. Spin-current generation from mechanical rotation
Quantum-mechanical Barnett effect, which is now being constructed in Mori group
and this group at JAEA, predicts that a spin current can be generated from a
mechanical rotation. We try to detect this generation using, e.g., magnetization
reversal in small ferromagnets attached to a metal.

3. Mechanical control of a compositional gradient in an alloy
The gradient of composition in a Pt alloy is generated by using high-speed rotation
technique. This gradient will allow us to generate the directivity of spin Hall effect
in the alloy.

4. NMR study on the nano-scale magnetization dynamics and spin pumping
Magnetic domain-wall and vortex dynamics in nanostructured magnet is
investigated in terms of NMR. Also, spin pumping from nuclear spins is detected in

Pt isotope-hetero junction.

Originality
This is the first trial to expand the physics of spin current into noninertial frame.
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Feasibility
The classical Barnet effect was already established. We are now developing the
theory on quantum mechanical Barnet effect with Mori’s group. We design our

experiments using the results of this theory.

Scientific and social outcomes

The theory of the spintronics is enhanced by our present study, and a new study
system that the spintronics unites with the Nano mechanics is constructed. As a result,
the following two effects are born in electronics, the spintronics, and the Nano
mechanics.

(1) The generation technique with new spin current that grips the key to the
spintronics application is achieved.
(2) The basic data which is desired in nanotechnology for the efficient drive of the

movement in a minute area is obtained.

International cooperation

Collaborative researches with the Cavendish Laboratory in University of
Cambridge (Britain), Delft University (Netherlands), and the Zaragoza university

(Spain) are running.
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Research Subject (4)

Research in Surrogate Reactions by Nucleon-transfer Reactions
involving Heavy Nuclei

Group Research Group for Reactions involving Heavy Nuclei
Members (Leader) S. Chiba (Principal Researcher)
(Researcher) S. Mitsuoka, I. Nishinaka, K. Nishio,

H. Koura, Y. Utsuno, H. Makii
(Special Topic Researcher) Y. Aritomo
(Post doc.) S. Hashimoto, Y. Wakabayashi
(Student) R. Takahashi

Objectives
Physical basis of measuring neutron cross sections of unstable nuclei of minor

actinides, e.g., isotopes of Np, Am and Cm which are highly relevant to advanced
nuclear energy systems, will be established in terms of surrogate method based on
multi-nucleon transfer reactions. By means of this, we will support the main
mission of Japan Atomic Energy Agency, namely, research and development in
nuclear energy technologies, from the viewpoint of nuclear physics in a unique

manner.

Scientific/technical merit

Measurement of neutron cross sections of unstable nuclei has been a long standing
problem in nuclear physics, nuclear-astrophysics and nuclear technology. Especially,
such quantities are necessary for design of next-generation nuclear reactors which
may act as a transmuter of minor actinides and/or radioactive fission products to
facilitate treatment of nuclear wastes as a part of the advanced nuclear fuel cycle. At
the same time, high burn-up reactors inevitably generates elements heavier than
uranium and plutonium to a considerable amount. Therefore, responses of these
heavy nuclei against neutron irradiation have to be understood well for a safe
operation of these facilities. However, direct measurements of neutron cross
sections of these nuclei are extremely difficult or practically impossible because
enough amount of target cannot be prepared. We will develop a method applicable to
measure the neutron cross sections of unstable nuclei for the fast neutron energy

region (above 0.1 MeV) by a method called surrogate technique. It will produce the
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same compound nuclei as the desired neutron reactions by using different
combination of target and projectile, mostly by multi-nucleon transfer reactions, and
measure the decay probability to specific channels (such as fission and capture) and
number of fission neutrons. By multiplying the total reaction cross section, the
decay probabilities can be used to deduce the corresponding neutron cross sections.
It will lead to a design of various nuclear facilities with a high accuracy that is
otherwise unable to be achieved. They are also important for researches in

nucleosynthesis.

Goals

We will clarify the difference of the compound systems generated by the surrogate
and neutron-induced reactions. For this aim, we will investigate the surrogate
reactions (multi-nucleon transfer reactions and decay of produced nuclei) from
various viewpoints. More specifically, we will investigate if the nuclei produced by
the surrogate reactions reach to the thermal equilibrium (compound nuclei), and what
the spin-parity distribution of them is. By means of them, relations of the decay
probabilities of composite nuclei produced by the surrogate and neutron-induced
reactions will be made clear, and we aim to understand in which condition the

surrogate method will work to simulate neutron-induced reactions.

Originality

Surrogate reaction method has come to be applied to measure neutron cross
sections of unstable nuclei in a couple of foreign institutes such as Orsay, Bordeau
and LBNL. However, they are trying to obtain experimental results without sound
physical foundation for the validity of it. In contrast, we aim to give a foundation of
this method which will make the surrogate method as a universal technique of
obtaining neutron cross sections of unstable nuclei. In order to do this, we will
investigate the mechanisms of the surrogate reactions (multi-nucleon transfer
reactions), relevant nuclear structure effects, spin-parity distributions, and

thermalization process of the produced nuclei experimentally and theoretically.

Feasibility

The surrogate reaction method is based on experimental techniques developed in
the field of heavy-ion nuclear physics together with handling techniques of highly
radioactive actinide targets. Theoretical interpretations are also necessary to convert
the result of surrogate measurements to neutron cross sections due to difference of the
properties of compound nuclei produced in the surrogate and neutron-induced

reactions. Therefore, it is highly a matter of basic science in which advanced
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knowledge of nuclear physics is required. Such activities can be conducted only by
the staff members in the nuclear physics group of advanced science research center,
who are enough experienced in this field.

Our research itself is a basic physics activity. However, it is highly relevant to
development of future nuclear energy in a unique manner. From experimental point
of view, we can utilize the Tokai Tandem accelerator, which is most suited to the
surrogate method because it can provide various ion beams with high energy accuracy
at various energies. It will give our activity a superb advantage. At the same time,
our group is consisted of several theorists, in both nuclear reaction and structure, who
can provide theoretical supports to interpret the results of surrogate measurements to

convert to the neutron cross sections.

Scientific and social outcomes

The method to obtain neutron cross sections of unstable nuclei that are essentially
important for development of advanced reactors, and nuclear fuel cycle systems with
high efficiency will be established by it. It will allow the whole nuclear technologies
to step further. The method will also be applied to measure neutron cross sections
necessary for calculation of nucleosynthesis in stars, namely slow-neutron capture
process. Production mechanisms of exotic nuclei by the multi-nucleon transfer
reactions and subsequent decay mechanisms will be investigated. This will make the
heavy-ion reactions a unique tool to measure and manipulate properties of nuclei

which do not exist in nature.

International cooperation

(1) International Collaboration
Collaborations with University of the West Scotland, Flerov Laboratory of
Nuclear Reactions (Dubna), Joint Institute for Power and Nuclear Research
(Belarus), GSI and China Institute of Atomic Energy will be established and we
make JAEA Tokai Tandem facility as an international center of the surrogate
method.
(2) Foreign Collaborators
Valery Zagrebaev, Deputy Director of Flerov Laboratory of Nuclear Reactions ,
Joint Institute for Nuclear Research, Flerov Laboratory of Nuclear
Reactions, Theoretical study of nucleon transfer reaction
Andrei Andreyev, University of the West Scotland, Experimental study of nucleon

transfer reaction
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Efrem Soukhovitskij, Head of nuclear data group, Joint Institute for Power and
Nuclear Research (Belarus): Theoretical research in nucleon-induced

reaction mechanisms
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Research Subject (5)

Study of the Valence Electronic Structure and the Nuclear Shell
Structure of Superheavy Elements

Group Research Group for Superheavy Elements
Member (Leader) Matthias Schédel

(Researcher) Kazuaki Tsukada, Masato Asai, Tetsuya Sato
(Post doc.) Atsushi Toyoshima, Zijie Li, Nozomi Sato

Objectives
The research program aims at understanding chemical and nuclear properties of

superheavy elements (SHEs) placed at the uppermost end of the Periodic Table as
well as on the heaviest frontier of the nuclear chart. We focus on the valence
electronic structure of SHEs that is experimentally evaluated from their ionic radii,
redox potentials, ionization potentials and compound formations. To elucidate the
limits of stability of superheavy nuclei (SHN), the shell structure of SHN is
investigated through proton and neutron single-particle structures and through the

evolution of nuclear deformation at the highest proton and neutron numbers.

Scientific/technical merit

Discovering new elements and clarifying their unknown chemical and physical
properties are most interesting and challenging subjects in both chemistry and physics.
How many chemical elements can exist and can be produced? How long can they
live? Which properties determine their stability? What are their chemical and physical
properties? How well do their chemical properties follow the Periodic Table? And
how are their orbital electron configurations affected by increasingly strong
relativistic effects? These are some of the most fundamental questions in science.

Strong electric fields of a highly charged SHN lead to pronounced relativistic
effects on orbital electrons. Strongly contracted spherical s and p,, orbitals in SHEs
screen the nuclear charge and make d and f orbitals expand. This induces drastic
rearrangements of the ground-state electron configuration of SHEs as compared to
their lighter homologues. As the electron configuration determines the chemical
behavior of an element, such a rearrangement can lead to unexpected chemical

properties. Explorations of unknown and unexpected properties of SHEs expand our
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knowledge on atoms, molecules and nuclei as the basic constituents of the universe.

The strong Coulomb repulsion between a large number of protons makes SHN
unstable against fission. They can exist only due to stabilizing nuclear shell effects.
Current theoretical models predict the existence of doubly closed-shell spherical SHN
but they vary about the exact location. While closed proton shells are predicted at Z =
114, 120 and 126 all models consistently predict a neutron shell closure at N = 184;
some also at N = 172. The limits of stability of SHN are of fundamental interest not
only for understanding the atomic nucleus but also for our knowledge of the limits of
matter. The nuclei studied in this program represent the gateway to the predicted
doubly closed-shell SHN.

Goals

Redox potentials of Md and Lr from trivalent to divalent or monovalent states and
jonic radii of Md**, No’" and Lr*" will be determined by a newly developed
electrochemistry chromatography technique. This clarifies open questions about the
stability and the structure of valence electrons in the heaviest actinides.

The first ionization potential of Lr atom will be measured by a surface ionization
technique coupled to an on-line isotope separator (ISOL). This provides direct
information on the stability of valence electrons in the Lr atom.

The complex formation of Db in the aqueous phase and in the gas phase will be
studied by liquid and gas chromatography techniques. This enlightens characteristic
chemical properties of 6d transition elements.

The proton and neutron single-particle structure in neutron-excess (N > 153) nuclei
of Lr, Db and Sg will be determined from nuclear spectroscopy. This elucidates the
deformation and the shell structure of SHN.

Originality

Measurements of redox potentials in solution and ionization potentials in vacuum
are new approaches to obtaining direct information on the valence electronic structure
of SHEs. Due to the stability of the 5/'* and 5/'*7s® closed-shell configurations,
heaviest actinides potentially show unique oxidation states such as Md" and Lr"; No*"
is actually stable in aqueous solution. The electrochemistry apparatus we are
developing has a unique ability to reduce and oxidize SHEs as well as to measure
their redox potentials under single-atom conditions. This apparatus can also maintain
the oxidation state of interest even if it is unstable, which enables us to measure ionic

radius of naturally unstable No>". This measurement is a key to understanding the
y Y g
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unexpectedly large ionic radius of Lr’*. The first ionization potential of Lr atom is
influenced by strongly bound 7s* electrons and loosely bound 7p or 6d electron,
leading to a considerably low ionization potential. Measurements of ionization
potentials as well as redox potentials of Md, No and Lr will reveal the stability and
structure of valence electrons in the heaviest actinides.

Beyond actinides, there is the frontier of 6d transition elements. Characterization of
their chemical properties in the Periodic Table is of fundamental interest. In dilute
hydrofluoric acid solution, the lighter group-5 element Nb forms the NbOFs
oxofluoro complex, while the heavier homologue Ta forms TaFs', a different complex.
It is of interest what kind of complex Db forms. This depends sensitively on
molecular orbitals involving valence 6d electrons. Volatile oxochloro compounds of
group-5 elements in the gas phase also exhibit some differences. Complex-formation
studies for Db in both the aqueous phase and the gas phase are a unique approach to
reveal characteristic chemical properties of 6d transition elements.

Energy spacings and the order of proton and neutron single-particle orbitals are one
of the most sensitive probes to elucidate the shell structure of SHN. Although
productions of SHN have been reported up to Z = 118, level energies and spin-parities
of the nuclei at Z> 102 and N > 153 are completely unknown except for our recent
studies for 2*?°'Rf. a-y spectroscopy of neutron-excess (N > 153) Lr, Db and Sg
nuclei will reveal the proton and neutron single-particle structure in this heaviest
frontier region. Another new approach to elucidating the shell structure of SHN is to
investigate the evolution of nuclear deformation. Decreasing quadrupole deformation
(B2) towards the spherical closed shell and a drastic shape change involving
higher-order terms (B4 and B¢) are expected in the Z> 102 and N > 153 region. These
deformation changes are strongly influenced by the shell structure, especially by the
location of proton and neutron closed shells.

Feasibility
SHEs can be produced only by using heavy-ion accelerators. We plan to use best
suited accelerators worldwide concentrating on the JAEA tandem accelerator,
accelerators at RIKEN and at GSI. Because of very low production rates and short
half-lives of SHEs, all experiments will be performed ‘“atom-at-a-time”, and unique
apparatuses and techniques applicable to short-lived single atom must be developed.
Presently, our research activities are leading on a global scale in electrochemistry
and in the aqueous chemistry of SHEs. We have developed an electrochemistry

apparatus applicable for single atoms, and we have successfully oxidized No** to
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No*" and have reduced Md** to Md*". Developments towards an even more efficient
electrochemistry apparatus is in progress for the measurement of redox potentials and
ionic radii of the heaviest actinides.

The surface ionization technique is well-established to measure ionization
potentials of lanthanide atoms. We will apply this technique to determine the
ionization potential of Lr exploiting our experience from the ionization and
mass-separation of heavy actinides up to No using a gas-jet coupled ISOL system.

We have successfully investigated the halide complex formation of Rf by
ion-exchange techniques using a rapid chemistry apparatus. A similar technique will
be used to study the Db complex formation applying a newly improved apparatus. A
new gas chemistry device based on isothermal gas chromatography is now being
tested. It worked well for Nb and Ta and will be used to study formation and volatility
of Db compounds.

Our spectroscopic studies of SHN are also at the forefront in this field. We have
already carried out a-y spectroscopy of No and Rf nuclei. These nuclei are the
heaviest and the most neutron-rich whose neutron single-particle configurations have
been established experimentally. These nuclei are produced in hot-fusion reactions
with highly-radioactive actinide targets with the essential advantage to allow studies
of neutron-rich SHN. Experiments are performed coupling a gas-jet with an a-y
detection system. A similar technique will be applied for heavier Db and Sg nuclei.

Scientific and social outcomes

The present program will advance our knowledge at and about the frontiers of

matter: an understanding of the ultimate limit of proton-rich chemical elements.

International cooperation

A close cooperation with GSI and the University of Mainz is established.
Experiments with the gas-filled recoil separator TASCA at GSI are planned. A joint
collaboration with the Lawrence Berkeley National Laboratory (LBNL) and the
Argonne National Laboratory (ANL) will be pursued. Collaborative work will also be
conducted with the Institute of Modern Physics (IMP), China, and the Saha Institute
of Nuclear Physics (SINP), India.

We plan to organize the renowned International Workshop on the Chemistry of

Superheavy Elements in 2013.
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Research Subject (6)

Preparation of New Actinide Compounds with Exotic Behavior

Group Research Group for Actinide Materials Science
Member (Leader) Zachary Fisk

(Researcher) Yoshinori Haga, Etsuji Yamamoto,
Naoyuki Tateiwa, Tatsuma Matsuda
(Student) Takashi Sugai

Objectives
Actinide elements are characterized by 5f electrons that show a variety of physical

phenomena.  The combination of large angular momentum, the spin-orbit
interactions and the itinerant character lead to the formation of the multipolar moment,
valence instabilities and heavy femion state. When actinide elements are located in
a solid, the 5f electrons hybridize with ligand atoms to form unexpected physical state.
In this group, we try to prepare new actinide compounds using various techniques to
find new physical phenomena emerging in such new compounds. We also develop
sample preparation facilities specialized for actinides that can be accessible from
many scientists in this field.

Scientific/technical merit

5f electrons in actinides show a variety of phenomena that attract scientists’
interests. However, because of their radioactivity and toxicity of transuranium
elements, such material can only be handled in atomic energy research facilities. In
Japan, JAEA and Tohoku university can perform actinide research using a
macroscopic amount of sample. We also have a big advantage for the high-quality
single crystal growth technique that is indispensable to study strongly correlated
phenomena at low temperatures. Hydrostatic pressure will be used to modify the

electronic state by tuning the interatomic distances.

Goals
Heavy fermion superconductivity in 5f electrons
Investigate the nature of unconventional superconductivity in NpPdsAl,, URu,Si,

and UCoGe. Grow high-quality single crystals of these compounds.
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Study of plutonium compounds
Because of the radioactivity of Pu, the radiation damage is a serious problem in
studying these interesting systems. We develop a sample preparation technique
using a ***Pu isotope.

New phenomena in new compound

Try to find new compounds with exotic behavior. Actinide chalcogenide

showing large magnetoresistance effect is one of the candidates.

Development of high-pressure technique
Application of pressure can modify the electronic state of actinide compounds.
We develop high-pressure useful for low-temperature study.

Database for actinide properties

Originality
Our group can grow the best high-quality single crystals in the world. We can

also access transuranium facilities.

Feasibility
We have developed the sample preparation facilities for a variety of samples from
intemetallics to insulators. The techniques involve arc-melting, Bridgman method,
vapor transport and flux growth. The characterization facilities like EPMA and
single-crystal XRD enable us to determine the composition and structure of new
compounds. The high-pressure apparatus is ready for 10 GPa and cryogenic
temperatures. Transuranium facilities are also accessible. All these infrastructures

make the systematic actinide research possible.

Scientific and social outcomes

Condensed matter science has been developed through discoveries of new
phenomena in new materials. We will promote actinide science by providing the
samples to researchers working in this field including neutron reactor and SPring-8

groups in JAEA and universities.

International cooperation

We promote international collaboration among JAEA, ITU (Karlsruhe, Germany)
and CEA (Grenoble, France).
Group Leader, Guest Scientist

Zachary Fisk (Professor, University of California, Irvine)
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Research Subject (7)

Foundation of New Concept in Condensed Matter Physics for Heavy
Element Systems

Group Research Group for Condensed Matter Physics of Heavy Element
Systems
Member (Leader) Shinsaku Kambe

(Researcher) Hironori Sakai, Yo Tokunaga, Takashi U. Ito,
Wataru Higemoto

(Post doc.) Kazuhiko Ninomiya

(MS student) Yo Saito

Objectives
In heavy element (f-electron) systems, valence fluctuations, the Kondo effect, and

the RKKY interaction compete with one another. Because of this, exotic behaviors
such as quantum critical points, heavy fermions, non-Fermi liquids, anisotropic
superconductivity and multipole ordering appear when such competition is strong.
Recently, it has become clear that these exotic behaviors for 5f-electron systems are
different from those for 4f-electrons. This is because electrons with different spin and
orbital character (different j-j coupling states, so to speak) can coexist in 5f actinide
systems, in contrast to the case of 4f electrons.

In the present study, we try to clarify these exotic behaviors due to the “many-fold”
character of 5f actinide compounds, including transuranium systems (f-electron
number larger than 3). Up to now, 3d-electron systems (e.g., copper and iron arsenic
high temperature superconductors) and 4f-electron systems (e.g., Ce based
superconductors) are only treated using widely different descriptions. 5f-electron
systems are thus regarded to posses properties intermediate between those of 3d and
4f-electrons systems. The final scientific goal of our project is to unify the concept of

magnetism and superconductivity for 3d through 5f systems.

Scientific/technical merit

The clarification of exotic behaviors in heavy element compounds is currently one
of the high-priority issues in solid-state physics. In their current advanced form, the

nuclear magnetic resonance (NMR) spectrometers at ASRC enable measurements of
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exotic behaviors under extreme environments (e.g. high magnetic field, high pressure,
and high radioactivity). Moreover, a new puSR spectrometer for this group will be
developed and operated at J-PARC. Neutron scattering investigations can be
performed in close cooperation with researchers in the quantum beam science
directorate at JAEA. At ASRC, we continue to collaborate with the materials group
and the solid state theory group, which is highly effective for the progress of our

research.

Goals
1) A: Complementary studies using different microscopic measurements (NMR, uSR,
and neutron scattering).

B: To achieve world leadership in development of the above measurements under
extreme environments (high pressure, strong magnetic field, and intense
radioactivity).

Based on these two strategies, elucidation and understanding of excitation spectra in
exotic states will be achieved, creating a conceptually novel and unified picture of
correlated electrons in 3d to 5f systems.

2) Development of uSR: The pulsed uSR spectrometer at J-PARC, currently with the
highest pulse strength in the world, will be further optimized. Advanced experimental

techniques will be implemented for the new spectrometer.

Originality

Order parameter fluctuations are enhanced in the vicinity of a phase transition.
Therefore, clarifying the properties of such fluctuations is essential for the
understanding of related exotic behaviors. Because the static and dynamic properties
of both the spin and orbital degrees of freedom can be detected, NMR is especially
effective for the investigation of fluctuations. Moreover, uSR can detect the static and
dynamic behaviors of small internal magnetic fields with high sensitivity on a time
scale that is complementary to NMR. Using neutron scattering, magnetic correlations
can be investigated over wide ranges of space and time.

Research on the microscopic physical properties of actinide compounds, including
transuranium systems, is a unique capability that very few groups, including our
group, possess in the world today. In addition, our ability to perform experiments

under extreme environmental conditions will also be unique throughout the world.
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Feasibility
Experimental facilities for NMR and pSR have been developed during the first
5-year project. Thus, basic measurement techniques are on hand for achieving
scientific results and for developing experiments under extreme conditions. With our
extensive experience in handling radioactive samples, all measurements can be

performed safely.

Scientific and social outcomes

Magnetic fluctuation-induced superconductivity with a high critical temperature
may be realized in an unconventional superconductor. Therefore, clarification of the
relation between magnetic fluctuations and unconventional superconductivity is an
important step in the development of a high temperature superconductor.
Understanding basic physical properties of actinide compounds, especially of the
actinide dioxides, is essential for the fundamental engineering of nuclear power using,

e.g., MOX fuel development, etc.

International cooperation

International joint research will be conducted in cooperation with the European
institute for transuranium elements, CEA-Grenoble, Institute Laue-Langevin (ILL),
Los Alamos laboratory (LANL) and Paul Scherrer Institute (PSI). In collaborations
such as these, research is conducted on the basis of an international treaty that has
already been established, and in terms of a pre-planned JAEA Pioneering international
research project. For effective collaboration, long-term stay for visiting researchers is

encouraged.

Expected Foreign researcher

Robert Heftner (visiting fellow), Los Alamos laboratory, Research for magnetism and
superconductivity by uSR.

Roberto Caciuffo (visiting fellow), Europe institute for transuranium, Research for
magnetism and superconductivity by neutron and synchrotron radiation.

Gerry H. Lander (visiting fellow), Institute Laue-Langevin. Research for magnetism
and superconductivity by neutron and synchrotron radiation.

Russell E. Walstedt (visiting fellow), University of Michigan, Research for
magnetism and superconductivity by NMR.
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Research Subject (8)

Research on the Structure of Nuclei and Hadrons
Containing Strangeness

Group Hadron Physics Research Group
Member (Leader) Kenichi Imai (Kyoto Univ. Professor, Invited researcher)

(Researcher) Toshiki Maruyama, Susumu Sato,

Hiroyuki Sako (concurrent)

Objectives
To discover and to study the structure and the interaction of nuclei and hadrons

containing strangeness by utilizing the beam of hadrons, which is for example the
world-highest intensity of K-meson beam. And then to clarify the hierarchical

structure of quarks, hadrons, and nuclei.

Scientific/technical merit
Researching at JAEA where the world-most advanced facility J-PARC is located,

has coign of vantage and is capable to attract superior scientists in the world to make

international research frontiers.

Goals
To observe X-rays from Z-atoms for the first time in the world.
To identify the existence of Z-nuclei, and to determine its potential.
To discover as many double-hyper nuclei as possible and to clarify their systematic
features.
To complete y-spectroscopy for lighter hyper nuclei, and also to make y-spectroscopy
for some medium/heavy hyper nuclei in order to determine their structure.
To identify the existence of penta-quarks ® by high-resolution high-statistics
experiments.
To explore the structure of A (1405) particle, which is relevant to K-meson nuclei.

To develop experimental devices for the studies above, and also to make a next plan
of the J-PARC.
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Originality
Researches on hyper nuclei have been led by Japanese groups. In J-PARC a lot of
new discoveries are expected by forefront researches utilizing the world-highest
intensity of K-meson beam. Also in the general hadron physics, J-PARC is the global

center and lots of foreign scientists are coming to participate in.

Scientific and social outcomes

Understanding and progress of theoretical treatments of nuclei and hadrons with
strangeness as many-body systems, have ripple effects on material science and the
related fields, as well as astrophysics. Developing new measurement devices for

radiation will contribute to medical applications and also to environmental affairs.

International cooperation

(1) Approach for internationalization
A group from Seoul National University will participate as joint researchers, who
are staying in a long term.
Collaborators from the USA, Italy, Germany, China, and Russia are already filling
roles to develop some experimental devices. We are discussing how to make
further collaboration with them.

More than ten foreign scientists per year will participate in this research program.

(2) Foreign researchers (Name, Affiliation, Title, Role in the research)

H.Bhang: Seoul National Univ., Professor.
Experiment, detector development, and data analysis for measurement
of =X-rays, double hyper nuclei, and related states.

Choi Seonho: Seoul National Univ., Associate Professor.
Experiment, detector development, and data analysis for measurement
of =X-rays, double hyper nuclei, and related states.

C.J.Yoon: Seoul National Univ., Scientist.
Experiment, detector development, and data analysis for measurement
of =X-rays, double hyper nuclei, and related states.

E. Botta: Torino Univ., Associate Professor.
Experiment, detector development, and data analysis for measurement
of Znuclei, hyper nucleiy-rays, and related states.

S. Marchello: Torino Univ., Associate Professor.
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Experiment, detector development, and data analysis for measurement
of Znuclei, hyper nucleiy-rays, and related states.

A Feliciello: Torino INFN, Principal Scientist.
Experiment, detector development, and data analysis for measurement
of Znuclei, hyper nucleiy-rays, and related states.

B.Bassalleck: New Mexico Univ., Professor.
Experiment, detector development, and data analysis for measurement

of Znuclei, double hyper nuclei, and related states.



JAEA-Evaluation 2010-006

\\\‘ ‘/14

"$1S17U312S uUdIa40
JO 10| e 219 ‘AlUN
|euonen |noas
:uonesoqe||od
Jeuoijeusau|

7
‘'suolledljdde Jaylo pue |eaIpaw 03 SJUSWAINSEIW

01 ,so1sAyd waisAs Apog-Auew,, sy 5310943 9jddiy

uoljelped jo Adojouydal ‘sp|al} d0UIIS JBY10

———

._m_usy

J9dAy 9|gnop pue ‘IvppnuU-¢

‘shes-x wole-¢ jo 3unojdxa

9} pue Sa1uaA02SIp

931 y3nouayy ‘pjldom Jeapnu

JO Ja11uoJ4 ay3 Suluasuold
/ :3984e) EmE:_BE\

3319 “Alun nyoyol
‘*Alun 010AY
:uolyeioqe||od
a1sawoq

D4vd-r Aq papiroud

Alsuaiur 3says3iy

suoJpey JaYlo pue uosaw-y Jo weag
:Y2Jeasay Jo poyia\

suoJpey
pue 13]onu jo sadAl mau Jo A1anodsiq
:14ydJeasay Jo ainjedd

-pldom e yum

suoJdpey pue 19)dn

ssaua3duedls ay3 Sululeluod
U JO 94Nn32NJ43S Y3 UO Yydieasay :393lqns ydieasay




JAEA-Evaluation 2010-006

Research Subject (9)

Study of Formation of Actinides Nano-Particles in Biological
Reaction Environments

Group Research Group for Bioactinides chemistry
Members (Leader)  Toshihiko Ohnuki

(Researcher) Naofumi Kozai, Fuminori Sakamoto
(Post doc.) Kazuya Tanaka
Objectives
This research subject is focused on the formation of actinides nano-particles (NP)
in the biological reaction environments. The central objectives are to elucidate the
biological and chemical processes of the NPs formation by analyzing change on
chemical states of acitinides by advanced analytical methods.

Scientific/technical merit

Fundamental understandings of the formation of actinides NPs in biological
reaction environments advance actinides geochemistry, nano-technology, biology, and
mineralogy. The fundamental understandings also provide the knowledge to develop
new techniques for separation of An in nuclear fuel recycle, and to develop estimation
model of An migration in groundwater, which is important in the performance
assessment of geological disposal. Research group for bioactinides chemistry in
Advanced Science Research Center of JAEA has experts of actinides chemistry,
geochemistry, electrochemistry and molecular biology. Therefore, this research group
is the one the most suitable for the research to elucidate the formation of actinides

nano-particles in biological reaction environments.

Goals

The NPs of actinides are formed on the microbial cells and bio molecules. The
physico-chemical properties of the nano-particles are characterized by using advanced
analytical techniques of XAFS, SANS, SAXS, SEC-ICPMS, SEM-TEM, and
UV/VIS spectroscopy. The bio molecules to accumulated actinides and to be template
for developing nano-particles are identified. Finally, the biological and chemical
processes of the formation of the NPs in the biological reaction environments are
elucidated.
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Originality

The research subject is based on our findings of the formation of NPs of heavy
elements on the cell surface of microorganisms, showing high originality. The
analytical techniques to examine the chemical states of actinides transformed by the
interaction with microorganisms and bio molecules are well established in this
research group, and the analytical apparatus are equipped in JAEA. The facility where
we use actinides including Np and Pu are advantage of this research group.
The fundamental aspect gives clear distinct from the objectives in the foreign research
institutes i.e. the contractors of DOE to facilitate the application of bioremediation to
metal and radionuclide contamination on DOE lands. In addition, the foreign research
programs are organized mainly by the experts of microbiologists. Members of this
research group are experts of actinides chemistry, causing in advantage in the research

approach.

Scientific and social outcomes

The results would advance to understand actinides solution chemistry especially in
environmental neutral pH solution, and to explore a new function of microorganisms
and bio molecules. The research of biological NP formation is developing new
research area of actinides bio-geo chemistry, where the effects of microorganisms on
the environmental behavior of actinides are elucidated. The research results lead to
develop new techniques of environmental remediation and waste treatments. In
addition the results also contribute to develop economical methods of formation of
NP.

International cooperation

At present, we have collaborated with Moscow State University on the research of
the effect of microorganisms on the migration of actinides around Karachay, one of
the disposal ponds of nuclear facility in Russia.

International collaboration on the interaction of actinides with bacteria is discussed
with the scientists at international conferences.

Plan to collaborate with University of Birmingham and Notre-Dame University on
the research of the interaction of actinides with microorganisms. We will invite Prof.
Lynne Macaskie of UB, and Prof. J. Fein of NDU.
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Foreign research scientists may be involved in the research

J. Fein, Professor of Notre Dame University, Director, Center for Environmental
Science and Technology, Adsorption of metal ions by bacterial
cells

Lynne Macaskie, Professor of University of Birmingham, Birmingham, UK.,

biology.
H.Nitsche, Professor of University of California Berkeley, Actinides chemistry
S. B. Clark, Professor of Washington State University, Environmental Actinides
chemistry
L. Rao, Senior Research scientist, LBL, Thermodynamic analysis of interaction

of actinides on microorganism
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Research Subject (10)

Biophysical Study of Molecular and Cellular Responses to Radiation

Group Research Group for Radiation and Biomolecular Science
Members (Leader) Akinari Yokoya

(Researcher) Kentaro Fujii, Miho Noguchi, Ayumi Urushibara
(fixed-term  employment), Naoya  Shikazono
(additional post)
(Post doc.)  Shinichi Yamashita, Toshitaka Oka
(Student)  Kuniki Hata (Dphil), Takuya Shiina (Undergraduate), Iyo
Shiraishi (Undergraduate), Yuki Sugaya (Undergraduate)

Objectives
The aim of our research program is to fully characterize the molecular processes

by which ionizing radiation alters the chemical structure of biomolecules, particularly
genetic material (DNA), in cells. The proposed study consists of two approaches to
address the main objective:

1) Determine the physicochemical processes of DNA alteration induced by
radiation in terms of electron/hole transfer within DNA and between DNA and
the hydrated water layer surrounding DNA.

2) Obtain experimental evidence of cellular responses to radiation, including DNA
repair processes to various types of DNA alteration in living cells, such as DNA
strand breaks, base lesions, and complex damage sites consisting of two or more

individual lesions.

Scientific/technical merit

The repair susceptibility of altered biomolecules is fundamental to understanding
cellular responses to radiation. We will focus on strand breaks and nucleobase
modifications in DNA, which may potentially be repaired by different repair proteins.
If such DNA aberrations are not removed or corrected by the cellular protein repair
systems, harmful mutations in the genetic code resulting in impaired function or even
cell death may occur.

Our research approach involves the use of soft X-rays generated from synchrotron

facilities as the main radiation source. In order to clarify the physicochemical
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processes of biomolecular alteration, K-shell electrons of carbon, nitrogen, and
oxygen will be selectively ionized by exposing thin films of biomolecules,
particularly DNA and its related molecules, to monochromatic soft X-rays as
determined by X-ray absorption near edge structure (XANES) of the target molecules.
An electron paramagnetic resonance (EPR) apparatus and quadrupole mass
spectrometer (QMS) installed in a synchrotron beamline will be used to investigate
the radical formation and fragmentation processes in situ. These measurements will
provide the position of chemical bond scission and oxidative/reductive modifications
of functional moieties in targeted biomolecules. Thus, this approach has the potential
to allow the discovery of the mechanisms by which the initial ionization of a selected
atom results in a specific type of DNA alteration after electron/hole migration in
DNA.

Another technique for examining the effects of radiation is to use densely ionizing
radiations, such as ion beams obtained from accelerators dedicated for radiation
therapy. It has been hypothesized that two or more individual strand breaks or
nucleobase modifications arise within a few nanometers along ion-induced tracks in
cellular nuclei. The removal of these complex lesion sites by enzymatic repair
systems is thought to be limited in living cells and may lead to cellular inactivation,
which is a consequence of considerable importance in radiotherapy. Using a variety of
biochemical analyses, we aim to fully characterize the cellular processes at complex
lesions induced by densely ionizing radiation in either genomic or transformed DNA
in Escherichia coli cells. In particular, we anticipate finding evidence of non-linear
responses of living systems to radiation in terms of interference between different

DNA-repair pathways, particularly those involving several base excision repairs.

Goals
The ultimate goal of this study is to identify a reliable set of predictors for the
cellular responses to radiation and will be accomplished by the following two
approaches:

1) Characterization of the physicochemical processes of DNA alteration by radiation
in terms of electron/hole transfer within DNA and associated molecules, including
the hydrated water layer surrounding DNA.

2) Finding evidence of cellular responses, particularly DNA repair processes, to

various types of DNA alteration and their inhibition at complex DNA lesion sites.



JAEA-Evaluation 2010-006

Originality

The two approaches of this planned research, as described above, are to use a
variety of spectroscopic and biological techniques to analyze biomolecular
modifications from a biophysical standpoint. This will enable us to propose a
complete model of radiobiological responses which includes the physicochemical
processes of ionization to the final biological effects, such as cell inactivation and
genomic mutation. The ability to induce specific types of DNA alteration by the
selective ionization of atoms using synchrotron soft X-rays represents a powerful tool

for the analysis of the complex processes induced in irradiated cells.

Feasibility

Spectroscopic apparatuses (EPR and QMS) have been constructed in a SPring-8
beamline (BL23SU) which provide soft X-rays in the energy region from 300-1,800
eV. Our group also has experience performing irradiation experiments using the ion
beam accelerator facilities TIARA and HIMAC. In addition, at the Tokai Research
Center, we have biological laboratories which are capable of processing biochemical
samples, including recombinant DNA and living bacterial cells. A series of existing
DNA repair-deficient E. coli cell lines will be used to examine the biological

responses at complex DNA lesion sites.

Scientific and social outcomes

Humans are continually exposed to low dose radiation from environmental sources,
including radioisotopes present in soil and cosmic rays. Even at low doses, certain
types of DNA alterations induced by environmental radiation may be less reparable
than others resulting in harmful effects, such as genomic mutations leading to cancer
or severe late effects such as genetic instability in tissues. Although radiation is also
intentionally administered to inactivate tumor cells during radiotherapy, damage to
normal tissue is unavoidable. Our study will provide a fundamental understanding of
the biomolecular processes induced in normal tissue cells by low-dose from

environmental sources as well as induced in cancer cells by the medical sources.

International collaboration

We are currently engaged in two lines of international collaborative research. The
first project involves the analysis of radiation-induced DNA alteration both in vitro
and ex vivo. We are collaborating with Professor Peter O’Neill of Oxford University,

U.K., who is highly skilled in the use of several biochemical techniques for the study
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of nucleobase modifications artificially incorporated into DNA and their subsequent
enzymatic repair. We will advance our collaboration program by incorporating the
study of DNA strand breaks and their repair in terms of the biological effects of
complex DNA damage sites. The second program is a new collaboration with Dr.
Evelyne Sage of the CNRS-Institut Curie, France, who is also extremely capable of
applying a variety of molecular biological techniques to analyze the effects of
radiation in living cells. Dr. Sage is also interested in the application of synchrotron
radiation to this research area and has visited our laboratory through the Invitation
Fellowship Program by Japan Society for the Promotion of Science (JSPS). A
possible collaboration at the new French synchrotron facility SOLEIL between our
two research groups has also been proposed which would give us access to the two
beamlines (DESIRS and PLEIADES). These beamlines would provide us with soft
X-rays in lower energy regions (from a few to 1,000 eV) than those available at
SPring-8. Using these low energy photons, photoelectron and fluorescent X-ray
spectroscopy could be performed in order to investigate the modification of the
electronic structure of biological molecules upon radiation impact. The dedicated EPR
system that we have in place at SPring-8 could be also installed at SOLEIL to detect

the primary ionizations in biomolecules.
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Research Subject (11)

Development of Advanced Positron Beams and Their Application to
Materials Research

Group Research group for Spin-Polarized Positron Beam

Member (Group leader) A. Kawasuso
(Researcher) M. Maekawa, Y. Fukaya
(Post-doctoral researcher) A. Yabuuchi, I. Mochizuki

Research contents

We promote the following three sub-projects:
* Development of Spin-Polarized Positron Beam
We develop the first practical spin-polarized positron beam using a PB’-emitter
produced through nuclear reactions. We demonstrate a new application of positron
beam as electron spin probe in magnetic substances.
* Investigation of strongly-correlated electron systems on surfaces using Total
Reflection Positron Diffraction
We investigate a series of strongly-correlated electron systems on surfaces using
the total reflection positron diffraction. We reveal the charge order formation and the
surface magnetism from the viewpoint of structural analysis.
*  Materials research using Positron Microscope
We study the stress-induced corrosion cracking (SCC) of nuclear stainless steels
using our positron microscope. We reveal the microscopic mechanism of SCC under

extreme conditions.

Aim of project

Our persistent aim is to demonstrate advantage of positron beam techniques
in materials research. The aim of this five-year project is as follows:

By developing the first practical spin-polarized positron beam, we initiate the
positron research of magnetic substances. Using total reflection positron diffraction
and positron microscope developed in our laboratory, we reveal the novel properties
of low-dimensional materials on surfaces and the SCC degradation mechanisms of
nuclear stainless steels that are important issues in the modern solid-state physics and

the nuclear engineering, respectively.
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Originality

Practical spin-polarized positron beam has not yet been developed. Current major
trend of positron R&D field in the world is the enhancement of positron beam
intensity based on large-scale facilities. Therefore, the development of practical
spin-polarized positron beam will give a new research axis in the positron community
and hence it should be an important strategy of JAEA. Using the broad knowledge
and experience about high-energy accelerators and radioactive materials of JAEA, the
spin-polarized positron beam will be developed efficiently.

The total reflection positron diffraction experiment, which can determine the
structure of the first surface layer in detail, can be performed only in our laboratory.
Therefore, the research on the strongly-correlated electron systems on surfaces with
this method is very unique and important in the surface science community. Similarly,
our positron microscope has the highest performance in the world. The study of SCC
degradation of nuclear stainless steels using the positron microscope is well suited to
the JAEA mission.

Goals

Development of a spin-polarized positron beam with a highly polarized source
(~90%) and demonstration of positron research on magnetic substances.

Revealing the mechanisms of charge order formation and the giant Rashba effect
associated with low dimensional materials on surfaces and exploration of ways to
control the band-gaps and spin-splitting widths of low-dimensional materials on
surfaces.

Revealing the mechanisms of stress-induced corrosion cracking of nuclear stainless

steel in an atomic scale and contribute to the construction of the tight-crack model.

Scientific and social outcomes

The spin-polarized positron beam will be applied to the study of half-metals,
diluted-magnetic semiconductors and other magnetic materials and hence will be a
useful tool in the spin-electronics field. The obtained knowledge about surface
magnetisms and metal-insulator transitions of low-dimensional materials using the
total reflection positron diffraction will be important in the future novel device
fabrications. The positron microscope will be applied to a broad area of research such
as material physics under extreme conditions, real electronic devices, bio-materials

etc.
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International cooperation

(1) Internationalization
*  Accept foreign researchers
* Dispatch researchers to abroad
*  Promote international collaborations
* Host international meetings
(2) Foreign researchers (will be invited for short-term if enough budget is provided.)
*  Prof. Coleman, Bath Univ., Spin-polarized positron beam
*  Dr. Haaks, Bonn Univ., Positron microscope study
*  Prof. Chen, Wuhan Univ., Diluted magnetic semiconductors
* Prof. McGlip, Trinity College, Metal-insulator transition of surface
superstructures

*  Prof. Bechstedt, Jena Univ. Theoretical study of surface superstructures
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Response of JAEA regarding the Advanced Science Research Evaluation Committee

Expectation/ Task |

The committee recommends an increase of budget and securing a source of manpower
in order to maintain the international competitive edge. The administration should
restrain itself from weakening ASRC by restricting its freedom and financial agility in
attempt to save funding, i.e. travel expenses. It is also desirable to improve the working

environment including a condition of the visiting group leader for their active participation.

Response

By consulting with the Policy Planning and Administration Department and the Personnel Department, we
will request a budgetary based on funding requirement and will work on securing a source of manpower by
an interaction with the other divisions, together with improvement of the condition for the visiting group
leaders. We will also make considerable choices of research themes and balance a concentration on each

theme depending on fiscal conditions. Acquirement of outside fund is greatly encouraged.

Expectation/ Task Il

With regard to the research themes, although they are scientifically excellent and are fully
consistent with the mission of JAEA as a whole, a number of projects currently supported
by ASRC are technically demanding and require long preparation and commitment. There
are also projects which tend to have weaker interaction and synergy with the rest of the
projects. These projects may be continued outside ASRC, provided that appropriate
homes can be found.

Response

The eleven proposed research themes have received a high evaluation as scientifically and technically
excellent. Regarding not only the mentioned themes but the all themes, the progress situation shall be taken
into account in order for us to consider a flexible response including elimination and consolidation of the

themes. The issues shall be then determined at the mid-term evaluation in two years time.

Expectation/ Task Il

The REIMEI program is an excellent avenue for bringing young talents into the center.
However, it is not clear how each project has been evaluated after the completion of the
project and how successful the program as a whole has been. An increase of budget of the
REIMEI program, which has been proposed to open to international competition, is
essential.
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Response

The effective operation of the REIMEI program will continue to be promoted.

From FY 2010, the application to the REIMEI program is world-wide open, through which we anticipate
internationally active collaborations. With regard to the completed themes, they shall be strictly reviewed
by the Evaluation Committee of the REIMEI program, and subjects that obtain novel and/or innovative

outcomes will be considered to be adopted as research themes of ASRC.

Expectation/ Task IV
The committee strongly recommend for ASRC to maintain close contact with the rest of

JAEA, so that ASRC truly becomes the gateway for JAEA to the outside scientific community.

Response
In order for ASRC to fulfill its role as an incubator of research personnel and to scout future research seeds,

we will enhance our information exchange with outside scientific community as well as related divisions in
JAEA.
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Comments and Suggestions

7 R/3A ' — . Samuel Bader

General Comments and Recommendation

REBERLER

The JAEA made a visionary decision to appoint Dr. Sadamichi Maekawa as the new

Director of the ASRC. Dr. Maekawa has a worldwide reputation as a brilliant theorist in the
field of spintronics. He is also a role model for early career researchers to emulate. The next
five years will be an exciting time for the ASRC and JAEA.
The ASRC is in a unique position to anticipate the long-term needs of the JAEA. The future
of nuclear energy development depends heavily on computer modeling, such as of fuel cell
design, fuel cycle systems, and reactor design and systems. Such modeling requires high
performance computing, from today’s petascale to tomorrow’s exoscale computing
capabilities. But the future of information technology is at risk due to the semiconductor
roadmap coming to an end due to its reaching its fundamental limits. Today’s Si-based
processor chips are generating heat per unit area at a rate that greatly exceeds that of a nuclear
reactor! Continuing the information technology revolution might depend on replacing today’s
Si-based technology with a new technology, such as spintronics, where dissipationless spin
currents are harnessed to perform logic operations.

JAEA is in the position to nurture its premier spintronics programs within ASRC because
it might create the future for nuclear reactor development. Such an investment in the new
spintronics efforts that Dr. Maekawa brought to JAEA would be modest on the scale of the
JAEA budget, but the ultimate payoff could be quite enormous. The JAEA is well positioned
to take credit for a potential achievement that could possibly revolutionize the Japanese
economy if an invention emerges that competes with the Si field-effect transistor. The stakes
are very high here for a very modest investment. Such an investment is highly encouraged.

JAEA 1381)11#@E 4 ASRC O LWk Z —RICEmT 5 &9 2 B2k
Wiz Uiz, Al LIZAE Y b=/ ZA05FIZE W CTES 2B HE & L TR
A, WILETETHRETL LD TRELRD N TH D, ASRC & JAEA IZE 5T
IO 5FEMIT=X Y AT 4 TR WM E R DTEA D,

ASRC I3 JAEA OB/ =— X & e AT 2R R IESITICH 5, R+ 1=V ¥
—PBIFE DR IT, BREFEMER G, BB A 2V 2T A RAIPREE VAT A Y
DHBFEETT V) T MEETDHE G RRE N, ZOXH7TT Y 71X, 4 HO Peta
A= VNGB ERD Exo A7 — WIZOT= 5N 28T D athest B2 /3 &3
%o LML, AEMERRAOTEDIEEERD — R~y IRERERNZ 52 LICLD, 1§
WA ORFRITEHE IR D D, ¥ D, SHOXAHZEZRHAT LI Vet v
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JAEA IX ASRC TITONARAID AL Y ha =7 AfeEELNLIZH 5, 7t
5. EOMEDR PR ORKEZLE /REERH 2000 TH 5, Ail)llfHE 123 JAEA
IZH72b LT A Y ha =7 A~ EE L, BEOTRIZHB W TN 7
HOTH, HEHRFIRITER 200 b LV, b L St ERIR T
VAZNEET B T2 72 AN H AU, EIUTHAREFE ZRANOE Z D AHEMN H
V. JAEA [ ZE DEENEBR O E LR VGHMEICED, NS REFEEIZH L TE
DRI [T 7e ) KEV, ZO X fEITmEpisnsd,

1. The research policy and strategy of ASRC
SEUR IR ST O & — DR # L B

The policy of the ASRC is simply to encourage world-class basic research. The strategy
is to organize into three thematic areas: spintronics, heavy element systems, and
radiation-related effects. The three areas work both independently as well as synergistically.
The impressive distinguishing feature of the ASRC is its effort to create and sustain a
multi-cultural research environment. This approach to the problems it tackles is a singular
strength. It manifests itself in its cross-disciplinarity, where condensed matter physicists work
under the same roof with hadron physicists, where internationalism is encouraged, where
experimentalists and theorists work in close collaboration, where chemists and physicists are
found to work side-by-side on the same actinide materials science problems, where localized
and itinerant viewpoints are respected as a middle-ground is sought, where j-j and L-S
coupling is similarly debated in the quest to unlock the physics of 5/ and highly correlated
electron systems.

The next logical consequence of this productive philosophy would be to more firmly
embrace the basic-applied gap, and set goals beyond scientific excellence, goals that address
real-world problems, such as to create viable spin transistors.... Another possibility would be
to set goals to work to bridge the gender gap in the physical sciences.

ASRC D J5#HF, MR L XA ORI 2 EET 5 2 & Th b, TDHIEIR,
2y hr=7 A \HLFERF BHGEFO o0 FESEEHET 52 L Th D,
OO EEE A B2 2 X, BEICHE L THIRET 5, ASRC DR » 7= Ffid %
FESAL DIRAE L T-WFZEEREE 2 NG LR 95 2 L Th D, Ziuidkkx 2 REEICER Y #1
o T, BMToOMATHY, ASRCOLOFEMIZIHATH S, L1UIRIL., [E{iEY
HEEN N R o PR LR CRB O FCIRENT 5, EER bR #E SIS, EBRFE
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2. New Functional Materials via Numerical Simulation

BEY I 2 L—3 g 2k DEREM B oA H

This is a program where the ASRC shines! It is already world-class and very exciting.
The idea is to explore the new physics associated with coupled charge, spin and orbital
degrees of freedom in magnetic nanostructures, mainly in metallic ferromagnetic systems.
Examples include pioneering work in generating, transporting, and understanding pure spin
currents, and spin-dependent thermal and mechanical rotational effects arising from the
spin-orbit interaction. In addition, this group is exploring proximity effects between
ferromagnets and superconductors, as well as correlated electron physics of high transition
temperature cuprate and iron-pnictide-based superconductors.
Although an obvious strength of the program is that it is very ambitious, the cuprate problem
has been around for a very long time, so it is not immediately clear what can be learned that
hasn’t already been examined, or that others cannot do equally well. While the spintronic

component is fresh and the group has a clear leadership role.

o7 T T MIESIZ ASRC OFBETHY . T CITHFR L ~ULT, fied THLEE
W, EOT AT TN, BB BEEZ LT oMK T/ BiEIC T 58N,
A R UOHGLE B HEOREICEET 28 LWEFORKRICH D, Z OEBNTIE,
IR 72 A B A B UHLEMA EERICER T 5 A AKFORRLCA YV L)
LHEER AR D RO, TR, R LWV ) EERIFZE b B 5, SHICZD S
N— T E O EEREIRE 2 R R L k=7 2 4 FEBREROFHEBEE ot
(2, FREEMER & BB R R OB O 1T > TV D,

DT T T ANELITH D Z ENEORHMERIRATH DL H DO, HfR{bY) DR
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3. Molecular Spintronics

38 OF - T/ REBRICBIT B A nEfEE DR

Graphene is a material that has captured the imagine of scientists around the world due
to its elemental simplicity (it is just a sheet of carbon one atom thick) and its electronic
structural complexity (it’s a topological insulator.) Carbon being a low-Z element, the
spin-orbit interaction should be weak, leading graphene being a near ideal spin transport
medium. But the reality is that there are many materials problems associated with spin
injection into graphene from a magnetic electrode, and spin transport across graphene is
believed to be limited due to extrinsic origin. This group has done high-quality surface
science studies to create hybrid metal-C60 structures with record-setting 80% spin
polarization values and 1,000% magnetoresistance at low temperature, and epitaxially grown
lattice-matched graphene on Ni(111) films.

These are the type of studies that need to be encouraged to transform the art of molecular
spintronics into a science. This is especially important because, in general, molecular
spintronics is not well recognized for reproducibility of results. This group is to be lauded for
its hard work and fine results!

777 2 3FDOEFENRHRS QA RFORIORFEL— ) LEFHENRE
HES (NAHAIHERRIR) DO R P ORZEE OB EZNENTLIEM TH D, RTEE
D/NEWRFED A Y VB BEERIZTWZD, 7T 7 = TFAICT WA B U RE
BERIZ 2 D, L LBFEIIEIEERN S 7T 7 2 v ~D A U EAICEE T 6D
MBENL 2 HY, 7T 7 2 2T 5 A U REIIFIRIFIC L > TRAR D D L 15
CHNTWD, ZOTN—T137 4V T 4 DEWREFFEFIEEITV, A E A5 HE
80%. IR CTORKIEPT 1,000%% AT 548 —Ceo HEAMEZEKT 5 & & BT,
Ni(111) 7 4 /v b BT FEE 7T 7 = o SR E S5 DTS L,

BTAE ha=g ZOHERERF~EEZHT-DIT, ZHHIEEB LT X A
TOMETH D, BESTAE Y =7 AT ROFHEMEICZ L), Z0XE
ITFRCEETH D, 207 NV—TIXRERFIE & T L 72l R L > THEICET 5,

4. Combining Spintronics & Rotational Techniques

BFAE T/ WEEBZHEE SEDLIAE AT ha=7 2O

This is high risk, tour de force research to harness dynamic angular momentum and
nuclear spin momentum into spintronics to generate and control spin currents. Where this
might lead is open-ended. But that is the nature of fundamental research. There could be lots
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of academic effects of no consequence, so why take the time when we know that there are
definitely other important directions that must be pursued? The answer is that this group is in
the relatively unique position of having strong theoretical guidance in its explorations. This
makes the quest very compelling and worthwhile. It is not likely that they will get lost in the
woods. This could be something to watch!

CNTENAEE B LAY VEEIEEZ A Y hr =7 XITHA L, A AR
ASHTEIET D, BV AT ZIIHATR “BEN METH D, 17X DI
LMD LR, L L ZAUIEBEOARE TH 5, £ < OFINh R 21D
ROVERMDELND G LIVARWH T, T ZI0BRENDREEELFEN/MICHD &
O RNE, 2B ZNT D00, ETOEZIT, ZOTNV—TBEOHRIZEB W T
BRI PERAER A AT D L W O BN BALEICWD Z & TH D, TNBEERE
BHEMEDH L DI L TWD, TORBEOLNREKD Z EITETRWIEAS S, EEH
Ol N ThbH,

5. Surrogate Reactions...involving Heavy Nuclei

BFBATROGIC & 5 ERF RS RetE O

The surrogate method is not new; it is in use at LLNL and Saclay, for example, in
addition to at ASRC. But the unique strength of the ASRC approach is in its combined
experiment-theory strategy to get a new understanding of the origin of the elements via
nucleosynthesis. This is of fundamental interest, and has applications, for example, in fuel
reprocessing. Thus, this group provides in microcosm, an example of the overarching
multicultural philosophy of the ASRC that demonstrates its value and importance on the
world scene.

REEFEITFH LDV O TIEARY, ASRC Offic . #ilz21E LLNL < Saclay TH
RSN TWA, LrL ASRC OF7 F'u—F Ol DR, BEARKRIC L > T
DRLJROHF =72 R #1557 D, EBr BN EA LTS TH D, ZHUITRAN
RBLETHY BB ECOINAR D D, W2, ZOT N — TR o5
B TFOME & BEMEASLAFT 5 . ASRC OAFE 72 2 LR OFER 2R LTV
5,

6. Valence Electron & Nuclear Shell Structure of Super Heavy Elements
BEILROME IR & BEROBHEIE DN

This group is performing very impressive atom-by-atom chemistry of the elements up to
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atomic number 118 where relativistic effects lead to level crossings not observed anywhere
else in the periodic table.

I think it would be an interesting exercise once the atomic configuration is determined
for an element, such as Db or Sg, to ask an electronic structure theorist to calculate total
energies of crystal structures, such as bcc, that will surely occur just below the melt, and
maybe hcp or fce, to determine the lattice constants. Once this is done, superconducting
transition temperatures can be estimated, based, say, on the electron-phonon mechanism.
Although it might be impossible to ever make such measurements experimentally, it would
certainly be interesting to know what one might expect to find if one could retain and cool
pure material, assuming material availability, short half-lives and radioactivity (heating and

damage) were not issues.

ZDITN—TFRTE S 118 ETOILRD T U IAT bl v 5 BRI
TeEAT - TN D, ZOFE TITEHROMD & 212 7SR WFERERII RN BN 3
DOELEICKRE 2B bE bl-bT PRI TV,

Db X° Sg 72 EOTEDR FELENIE L2725 1X, flSE FCLTRETDHITH
%9 bee t . MAEBEIDDHT20OD hep 7> fee7e ¥ OFEEEIZHOWT, 20—
FNFX—OFEZE T HWMFIERIET 2 2 SIZBBREOREIC D B2 D, Zhun
FHA L, BIZIEEF— 74/ DA D= ALIFEDN T, BIREIRBIRE 2 5
TLZENFREE 2D, ZO XD RHEZ FERANCHER T 5 Z LIIARFEEL S LA
WS, MBS EBRIC AT TE 200G 00 O BSOS EE G2 1) o %
BN LT, ZOMEZIRIRICHEREF L2 L=, M2 Ao 5 Z N TE 500EIE
FAZBLRZE U,

7. New Actinide Compounds with Exotic Behavior

TIF A NMeEYOWERR%

Actinide crystal chemistry has slowed to a snail’s pace due to safety issues at laboratories
and major user facilities around the world. This is the case even though it’s been known for
decades that the physics of the 5f-electron systems is amongst the most fascinating within the
realm of condensed matter physics. Uranium compounds have been known, for example, to
support superconductivity even when there are multiple 3d-magnetic elements present per
formula unit. But within the last eight years, the game has changed qualitatively with the
introduction of a plutonium-cobalt-gallium compound with a superconducting transition
temperature of 18.5 K. This demands a fresh look at the actinides. Unfortunately, many
talented, early-career scientists shun single-crystal synthetic research because it is high-risk.
One is not always sure that a synthetic strategy will payoff and be successful. Add to that the
overhead of working in an actinide lab, and the incentives become almost nonexistent. With
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this backdrop, it is almost a miracle that ASRC attracted Zack Fisk, a world leader, to inspire
the actinide synthetic efforts. Zack articulated a clear philosophy: search near quantum phase
transitions; and a clear strategy: make sure that chemists and physicists work together to
bridge the culture gap. In order to understand structure-property relationships requires the
insights of both localized and itinerant perspectives.

It would be interesting if the program could some day be expanded to embrace film
growth in order to utilize epitaxial stabilization of crystal structures and lattice constants. It
would also be interesting to be able to make maximal use of major facilities, such as

synchrotron-based electron spectroscopies to explore the exotic properties.

S OWFSEATC B R R RR IS B T D ZAMEOREICER LT, 727 F /7 4 Nk
{LFOEAIA T — =R |22 > TV D, bf A ROYEENYIEY B Tl b #E )
THDZ LT HELOMEMOETHY 2N s, ZnnBikThs, flziX, vJ
AEEWITZE 3d WalER TSRS A T EL TV D & & T 2 BEE L
B3 eNMbnTWe, LrL, 22 8EOMTIL., WMEEIEBIEKE 185 KD
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TRWDOThHD, BT, T7F /A4 RERETOEEITITFERE DD | B
IFEAERVIRRET2 D, 2O L) R EDOF T, ASRC BT 7 F /A4 REKDTEFO
RS TH D Zack Fisk 2. 2 D7 7 F ) A4 RER~ORY flA~FHLI=Z &
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S EMFLFEE DN UL ZER Z WD DO T D & D RS & ARG L
TW5, fEsatsiE OME 2T 5720121, “SBE & REE” O )7 DML ) A B
L3N,

LG LT EED X Uy VEELERIAT 5 720 O E 2 2L HE
TELETTRITTLEIRTHI ENHKD & LI HHEBRED, =% F v 7 Mg
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FWEA 9,

8. New Concepts in CMP for Heavy Element Systems
BRRRMEAYDOTOOF - eEEHE a7 FOBE

This program utilizes NMR and uSR to probe and understand the electronic structure of
the 5f-systems. There are excellent synergies with the synthesis group and the theory group to
provide samples and conceptual insights, respectively. The unique strength of the program is
that the uSR capability at J-PARC is the highest intensity in the world. Thus, state-of-the-art
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spectroscopies are well matched to the state-of-the-art samples that are available to be probed.
With this combination, the physics that emerges is unmatched! The problems addressed
include superconductivity in Pu-compounds. A nice example of NMR in the **’PuRhGas
superconductor was presented. Also shortcomings of the j-j coupling in describing the
Sf-systems were discussed. The answer seems to be partway between j-j and LS coupling.

Zo7m 77 AEINMR & uSR ZFHT 22 LI LV, 5f ROEA G2 MR
HHDThHDH, DAY T D 7 —TF LBl 7 L—T7 R, RO VER & BRI 22
DIHEEZNZNAT) LWV T, TIEL LWHEESENRH 5, J-PARCOUSR PERE
NHFIREE L W) BB, 2078l T AORFETREMATHDH, DxIT, KL
O3 IENRE SN DR MO E G LT D, ZoE#ENSEEND
ThAH>YHFIFE R b DL 725, MYMEATHLHEIZIT PulbEH O
HENEENTEY, 299PuRhGas MEEKD NMR B2 OF & LTI Sz, —
FT, B VAT L EFBHTH ETO - EDOREbEm SN, TOEXEITBEL
<jj e LSHEAEOHMICH D ERZITLND,

9. Nucleons & Hadrons containing Strangeness

A MLV VRRABELRRFEE N R v OEEREHA

Not much to say here other than the fact that this group is part of the mix is quite
refreshing and uplifting in the cultural sense highlighted in the policy/strategy section at the

beginning of the Comments. The presentation was clear and engaging.

SO N—TNEERETYDONOOESTHD L VI FET, BEEOFEF LRI
DI TR LT L IUEBRE L WO EICBW TS FRETEIMm X 2B L7256 LT
bHe TVEBUT—2a VFHKBTEZ ST LDRH -T2,

10. Actinide Nanoparticles in Biological Reaction Environments

NAFRKISBZBT DT 7 F ) A4 ROF )R L& OfEHA

This group is working on interesting problems in actinide geochemistry and
environmental science and is utilizing synchrotron beamlines at KEK and Spring-8. The
group is also involved in utilizing nano-bio sensors. It would be interesting to see if synergies
develop over time to extend the sensor development to nano-bio-magnetic sensing

applications.

DT N—=TI1IT 7 F ) A ROMEFE T L BRER S0 BRI BEIZEL Y A
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KEK & SPring8 D>/t ha v BE—AF A4 L 5B LTNS, 7. F/ - ~A
I —ORMAIZH D> TWDH, FHEGENFERERL TWT e —FFERT
- NA T - ARSI E TEDS N E D TR,

11. Biophysical Study of Molecular & Cellular Response to Radiation
BB 2R G T OER L AKIGEDORH

The objectives of this group are two-fold: to understand physical and biological
processes, such as e/h transfer in DNA, and DNA repair, respectively. The group studies the
effects of modified DNA, such as due to exposure to radiation. It also modifies DNA
fragments and then introduces it into cells to see how a cell is affected. The group poses
intriguing questions, such as how is the self-organization of complexes of DNA and the repair
proteins produced under non-equilibrium conditions. There are ambitious plans to use
synchrotron and small-angle neutron scattering, and to engage in international collaborations.

ZOZN—7 0O BRI - EWTFRIEREOBIA O Z>o0EE | B, DNA
D e/h BE L DNA EE TH 5, BRI 72 S L 25 DNA OF R A5 L T
Wb, £DNA 7T 7 A P ERIE, ZNAMBNIZEAL TS ED X S
BN BEIET S, 207 —7 1%, DNA EEE0 B SR IR M4
R THELNTBEE A ERN ED L O IZH ML T 2 D0, & 5 BBRZRV R
FUCHD A TNWD, o7 ba o7/ M EELZ N ERE 128D 5 & v
O ERREIETH 5,

12. Development of Positron Beams & Applications to Materials Science

A B RHREE T — L 5T D BA 3 & iR mE Rkt O

This group provided an historical tutorial on the development of the positron microscope
over the last fifteen years, with applications, most dramatically to study cracks in stainless
steels. Positrons have been focused to 1.9 microns and can be focused to ~100 nm, and can be
spin-polarized. Positrons can provide the z-component of the momentum distribution in
electronic structure studies. They can be used to study the giant surface Rashba effect, and
also CDW formation at the surface of low dimensional materials. These are all exciting
possibilities.

What was missing in the presentation was a comparison of the projected capabilities of
the spin-polarized positron microscope to other spin-polarized imaging systems, of which
there are many. Also, synergies with other ASRC groups seemed to be lacking, in that none of
the spintronics groups seemed to be echoing the need for the positron microscope or waiting
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or yearning for its advent to tackle their problems. So it seems like there could be better
communication between the groups. Since the spintronics groups are newly arrived, maybe
the two sets of groups just need time to find and appreciate each other.

ZOTNV—TITTIET 156 FRILL L, BEFEMEOE, ISH, FFET T
AT UV AHO O OFIILOMFFEIZ DN T, FERR B 2 R Lz, BE 1L 1.9 um
FCoCE—ALEN, 5T 100nm BE~DONK L A AL’ e TH 5, BE
TAIEFEE I BT D EBENMA D z-2 R —3 PR TE 5, FNHITE
K#f Rashba iR, F 7 ARRITTH B O R IENT I 1T 5 B A B O TE R DO WFFEIF]
HT5ZEMTED, INOIERAREXY AT 0 TRl Z2 AT 5,

TLRBYT—Ta UTRIT WD, A ARG E FBRMEED T X5 EE
ESBHEETDHEERONAIMD A U MRA A=V TV AT AEDREETH D, F
T MOAE Y va=2 207 N—"T DY B5E - BAIEE O LEMEIZMEIR L7 T2,
H L IZZFOHBIC I > TS DI Z D RBEICE Y A TSI D Z E~DOHFF L W
I RUZEBWN T, ASRC Ot 7 v—7 L OFENIEDB R IT T2, 77— o=
a=—va VENEEND, AV ha=g ADO T N—FIIEELIEND 72D
T, 20 MO NA—TITETHENVEHD, ELLFEELEI ZENMETH S,

Endnote:
e N

The program was extremely impressive scientifically, and was well organized
managerially. The entire staft of ASRC and those from JAEA who participated in the Review

all deserve the warmest thanks!

70 7T DIREERNCARD THIEL L, L HMIICEE ShTnsd, ASRC ©
28y 7B e, LE2—IZBM LT JAEA O A2 20X 0 EHT 5 !
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Comments and Suggestions

7 K 3A 3 — : Naoto Nagaosa

General Comments and Recommendation

REBERLER

AT - D)

This is an important and appropriate project aiming at the top of the basic science and
internalization of the institute. The director is the world leading scientist in the condensed
matter theory who has the experience of leading many successful projects in the past.
Therefore, it is important that he will be able to show the strong leadership and freedom for
the administration of the center and to support him financially. For example, it is desirable
that he can keep the certain amount of the budget, e.g., 1/4 to 1/3, which can be distributed by
his own decision. This will also reduce the number of administrative meetings for the team
leaders and they can focus on their own research.

For the team leaders coming from the outside of JAEA, it is highly desirable that they
can get reasonable incentives. Also it is important to have the sub-team leader, who belongs to
JAEA and stays there 5 days per week, who will take care of the safety problems in the labs,
which should be considered most seriously. For example, the safety patrol by the members of
labs. every week would be recommended.

Since the project is limited for 5 years, it is desirable that the young researchers can stay
for this whole period since it takes some time for the new comers to understand and catch up
with the research going on.

I think it is a good idea to submit the monthly report, and have the evaluation every year.
But it should be “light” since the innovative work takes time, and the evaluation should not
depress the long term project.

The “Reimei” program is also very important for the internationalization, should be
supported more strongly from JAEA.

Since this center includes some of the new teams, JAEA should supply the start-up funds
to them in addition to the usual budgets.

I CIRBEINT G LRSIt X — BN EER RO & ER b BT L
T, HEDOWUR e N THhHDH, ey —RiIInNEFTHrOTR Y s
M CHRINEND TEX RO H 5 & UM EGR O M AR TH 5, D2 Irnt
A —DEEIZBN TN —F— T LA ENEZRECTEZLLOICT5 2L &
EBHNAEZT R — T HZENEETH D, FlIX, R TED 1/4 025 1/3 DEFH
ZEBRL, MEOHW CAY TEL LT HIREDHIENEE LV, ZHICL-T
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ITN—T VN —=H—T=bLOEERHEDORE WO T Z LI 27en 0 | S5 E Y
EhTEHL TR D,

JAEA DTN ERTNWDETF— LY —F—Tob~ Y HmEEOMENEEN D,
F2D%E, JAEAICFHTER LE S HEBT L5V 7 - U —F—%EEX, ZEINDH
TEREOZEEHREIHIGT DI ENEETH D, Pl IXEREA L N—I2LD
DR s a— L E R 5,

TaYxl MBI EMERONTVDEA, HWFEEIXZ o228 LT
WHETEXAHZLENEE LV, BRNLTF—AICAET L CTEITH O 2B L . 1B
DN Z BT 506 TH D,

BHLUR— MR 528 F—RIOFMIRNT AT 4 TIZERD,

L2y LB 2RI TR R 2 2 L, Z ORI 7 e = 7 FOBITFIC2 >
TEHRLRNOT, g T BV DT HRETHD,

RAMRILERM L E VWO I THEETH Y | JAEA 26 L 0 B2 R — 2%
FTHRETHDH, 2O H =2 ODDOHLNWTF—2n3b5Z L 2EE L, JAEA
3 SIS Ll O FROMICSE S EIFEAA2ES T NETh D,

1. New Functional Materials via Numerical Simulation

BAES I 2 L—3 a i & AERsEER B DA
SEAM )

This is the flag-ship theory team leading the whole project, giving the direction of
researches in this center. This team aims at many problems of condensed matter theory,
ranging from high Tc superconductivity, thermoelectric materials, and spintronics. These
themes are relevant also to atomic energy and nuclear science in the long run, and fit the
mission of ASRC together with the other groups of spintronics. The methods include most of
the modern numerical techniques and should be powerful enough to achieve the proposed
projects, and will be applicable also to the design of the various processes in the nuclear
phenomena. The collaboration with other experimental groups will be also fruitful, and the
seminars among many groups are encouraged. Also since the themes show some diversity, the
strong leadership of the team leader is requested to keep the coherency of the team.

DB R — LT —DsED FmErL, 7uel oy NefRE ) — T 5HH
%ﬁ% Afhéo_@%~ %, WIREEE, BEME, Avrhr=s xR L
BrYMHHGRICB T 22 OMBEICRVAE Y L LTWnD, 20607 —<dEWH
Tﬁékﬁ%ﬁ HLIFEAERRICHEE L oA b= AT —TL L
IZ ASRC DfEE &b —E L TWD, EHOEMEEIRZ AW D FIEITRE S L ifE

ZRERRT D DIZH IR T, S BITIER 70 b Dk~ 72im R OREIZ i
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HATE5THAY, MOEBRIN—TLOWITHLHERTHY, ZL DT NLV—TLDE
SF—bHEREIND, T, TR LIGIEDL DT, F—LDH—DImHFT—2
— A —DFRNY —F—y IREREIND,

2. Molecular Spintronics

MAERE WRRE 0+ - T/ KERITBT 2 A VBB DR

S|

AT - D)

It is important to develop the appropriate materials for spintronics, and graphene is one
of the most promising candidates, and this research proposal is quite timely and important.
Molecular spintronics is a topic attracting great expectation, but does not show so remarkable
outcome. Hopefully, this project gives a breakthrough in this field. Their experiences on the
surface physics will be a firm background for this project, and I can expect the fruitful results.
The communication with Mori’s group is recommended to design the experiments.

A hr=7 RZBWTHE MBI 2T L IFEERZ LT, /972
IZZOHFTHROALEREFHO—DOTHY | ZOMRRERITIZT OO CTREES-EE
RHDThD, BTAEY hu=J A RERYFE2SE-T- Ny 7 THDLHMN, B
SNoTREE RE TR, FEDLIE, 2ovavey MIZEDOT L—7 A —% 1
FEL72\W, BEWFLUCBIT AWML ORBRIZI 0T =7 NOMET=2 v 7 757
YRERD, B BLBR/IIGFTE D, EROFTEICIIR I V—7 (&
TN—"T) L OMNBHLREIN D,

3. Combining Spintronics & Rotational Techniques

BFAE VLT ) MIKEBZHEE IR AN he=r ROBRHE

A ;)

This is an ambitious project trying to explore (i) the nuclear spin spintronics and (ii)
spin-mechatronics. These are the unique proposal possible only in JAEA possibly opening up
the new directions both in the spintronics and atomic sciences. This seems to be a challenging
and may not be successful within 5 years, but ASRC should try this kind of new ideas. The

team-leader should come as often as possible to ASRC.

THIZOBEAE AR LA = 2 LA AT b =7 AR HRER
TAHEHLN R T 2 b THDH, ZNHD L) 7pa—=—7 IR 1L JAEA TORHA]
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BETHY, Ay bu=7 X LA HRZEOWTT OS5y BT TZ el 2 9] 0 B < ATEErE
Wio %, WEEZRPRIR T, 5 ELIN THR Z 3 2 LITHERZR WS L2, ASRC
FZDORIBRFHLWT AT 4TI _RETH D, FT—2 U —F—1TH R D 72T H%
IZASRC il o & Th D,

4. Surrogate Reactions...involving Heavy Nuclei

FERE BTN & 2 BER PSR DR

AT - D)

I am not an expert in this field, but understand this is most directly related to the main
mission of JAEA and is the continued program. It is desirable that the director of the center
has the freedom to decide to keep this team within ASRC or not.

FEFIXZOSBHOEMTIIRWN, 20k v 75 AT, JAEA O F5
B LR LEENEDY RS EHETH, B X —ENRZ D7 V—7% ASRC IZ
HRESEDIDEDPORTEMHEEFF SO ENLEEND,

5. Valence Electron & Nuclear Shell Structure of Super Heavy Elements

WHFEERE A E TR OliEFIRGR & BER OB IEDAFH

AT - )

I find this project interesting also from the viewpoint of the condensed matter physics,
1.e., electron correlation and the spin-orbit interaction. Therefore, the communication with
Mori’s group would be fruitful for both of them. Also the comparison with actinide
compounds, which are intensively studied in ASRC, might be fruitful.

IO7uY el MIETHESCAE CHUEMAER L L, BERMEZ OB SN D
THHEBREN, ZNOIFHRIN—TLOWNIN, MEFEICE>THERRLDERDTE
A9, Fi-. ASRC TEFHIZHIZEISNTWDET 7 F ) A4 RMbEW & Ol b H 80
H LAvZeuy,
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6. New Actinide Compounds with Exotic Behavior

M8 77 F /A NMeEmowERS

A E )

This is an important and interesting project, which should be strongly supported. This
theme bridges the spintornics and atomic science, including many intriguing issues such as
electron correlation, strong spin-orbit interaction, quantum criticality, and superconductivity.
The team leader is the world top researcher in this field, and it is wonderful that JAEA can
have him. The strong support for his visit/stay at JAEA is desired.

VB EE N OHRENT R 27 N T RABRIENMETH DL, ZOT — I,
BEB, WA CEUEMEAER. BT, B I OEEER SO RiRE A
Gir, A M= RLFETIIRFEOBEL LD, F—L ) —X—XZDHHT
S > T OWEE T, JAEA B A X 5 LD 2 EITHEE D LU, 1O KT
FEIZBE9 5 JAEA O BN EEN D,

7. New Concepts in CMP for Heavy Element Systems
WEHE BErRERREAYODOHT-RBEEYE a7 N ORE

AT - D)

Combined with the above project No.6, this project aims to explore the physical
properties of 5f electrons. In addition to the coordination within JAEA, the collaboration with
the various experimental groups even outside of the JAEA focusing on the charge dynamics,
photo-emission, or tunneling might be useful.

6EFEHOTZu Y27 kN (T7F /A4 MMeAWoOwER») L4 ;\;@TMV%ﬁ
B OMEIMEEOMIELZ B E LTS, 2O JAEA NTOWIERUAMZ G,
WA AFTI T A KT, R ABIG ST m%éféﬂﬂ@%%ﬁw—7k
DO FTHEESEODE LIV,
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8. Nucleons & Hadrons containing Strangeness

MERE APV UVRRAZFLRETEZEN R OEEFHA
2FAh - )

This project is aiming at the high energy nuclear physics. This is very interesting also
from the viewpoint of condensed matter physics and fits to the scheme of ASRC. Because the
team-leader is from Kyoto University, and needs the start-up money, it is strongly suggested
that JAEA supplies this extra budget in addition to the usual running cost of the lab.

oYl MIRBZRAX - EWEICIREZ 5 bE T\ b, 2ty
HEEOBLEN S R THEBEZELS | ASRC OREMEICHL —FH LTS, F—L ) —F—%
HESRFZN S~V L TS, LB S BIFE A%, @i O ERIEE 2oz
JAEA D BiEMNBl 56 2 & 24223 5,

9. Actinide Nanoparticles in Biological Reaction Environments

WHERE N ARISHICBIT DT 7 F /A4 ROT 7 KL #EORER
A : @)

I cannot say much on this project since it is rather far from my major. However, the
viewpoint that “learning from the nature or living creatures” is an important idea to develop
the nano-science. Therefore, I would like to encourage this project, and suggest them to
communicate with the theory group working on the large-scale quantum chemistry

calculations of molecules.

FEBFOHFEM LN VR0 RHDHT-0, HFEVEZL EBRDHZ LIETERN,
LL., “BRLEDNLFE EWIBRITT /) - A= ZADFREIZE > TEE
Thod, PRICFIFZOTvn Y =7 FEEERL, KBRS FO& HLFEHAEEZIT O
M7 N—7 & DIFMEH T R EZT 5,

10. Biophysical Study of Molecular & Cellular Response to Radiation
WISEERRE BRSBTS ARG T OEE L AKISE DOMRH
FEA - )

The response of the DNA to radiation must have been the subject of intensive studies,
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and it is desirable to clarify what is unique to this project. For example, it is essential to study
the response in the living cell, not in the artificial environment. This important issue should be
addressed in the plan for the research.

TR B2 569D DNA ONGMTIETHICIE SN TE T, Zo7ny=/
NORHEAIEICT D Z ENEEND, FlAIR, NLRRE T <, Al Tox
DI ZEII AR R CH D, ZOEBERMEITMZEEHEICHRVEENDIRETH 5,

11. Development of Positron Beams & Applications to Materials Science

MRFE R RBEET ©— 2B OB% & HREm M O fF
A E b

He explained clearly his plan including the background, which is very interesting to me.
The spin polarized positron beam would be a powerful tool to study the magnetic properties
of materials and fits the aim of this center. It is suggested that this group will communicate
with the experimental groups working on the ARPES, STM, and electron microscope to
identify the advantage and disadvantage of this technique.

WD 2 & O TR RFT & TH BRI o 7o, AV RIS ©— A%
MEOB LI OBFZE TIZR N 7Yy — L ER 0 EL L, 2O X—DFEFKE L —
BLTWD, ZOHEORP EEFTZ#NT 572912 ARPES, STM, & FBEMEi%
BT D ER I N—T L DIEWMEREIREZT D,

—107—



This is a blank page.




JAEA-Evaluation 2010-006

ZF Gk 2

\

HIITZET —~< (T 5 i) Wt E-

ORI, AP HAGHEII (AR 22 R~ AR 26 AEFE) 1281 D S
ﬁ%ﬁ U E DT —<RIZONT, NS OESE D ﬁ%ﬁot
D, FEEHESEAEBE L L CER 21410 H 29 H Lxu&%ﬁiﬂ{ﬁb a0
FHEERZEDE LD LDOTH D,

—109—



This is a blank page.




JAEA-Evaluation 2010-006

Seim RN v A —
R 21411 A 24 H

(R T —~ ICBd D =ik Wil

Seln AT SR o 2 — CIRBLT IR CERR 17 4R —21 42 5) ICERT O 8 DDHIFET
—<IETRTC 2L EETKRTTEFETH D, T, 22 N BRSSP 5
M FERE T HIFZEEHE 2 R E T D7, 214 4 B X v ai)llfi@#Edz (AL K24 R EHr5eaT)
BRI A —RELGHA, FEROY) —X—2 v 7O FTHRFNEIT> CTE T, Jou R
U —NOENER T N—T N BBIEOHENEIZ DN T T U U T 2T & L biT, BT itk
HEN ORFFEERRY -« $0RUTR LTRSS —~ ICBT o R&E A 1T o 7o, T ORER, Jeim BT I
U H =80 9T —~, JJ-PARC BV X — LV 1T —~, WIEKFLY 28T —~D
RN oT, MBEINTMET —~ Tk L THIFEREE PO e TV 72 E L, LN 11 #F
T —< MO IR DI RFHEEAMER S 7z, 10 A 29 BT I8N o BE L 7o iR 785
R LR Ed JOUR T IS O TR S LD 2 A B L. IR ERIC OV TE
RZFER L7, AREETZOSFETCHINTCER LEBERA~OIEEE LD LD TH D,

WH5E57 B T~ ERE T4

JehmbEE | AR R ORAERS) B R 2 b— 3 U X DR RO A

HERFEEE | B k] (el iEa) GF - T RERITEIT DA AREHEE OfFE

g JEls GRAER) | BEHAE AN bu=27 2O

T2 B (Coimseg) A BATRIRIZ & 2 BRI OGS R E O E

HOCREME | kB G BD (CoinkEeE) | BETROME IREE & L O BE O

FHEDER | 5 5L CeidkrE) | WERRBICL DT 2 T A REEDIEOMEH

FRE IRAE (JeomAeR) | L B SRISER T 2 A R O

A E— GUEERT) ARV VR R ZORFE L N B ORGSR

G RRE | KB BUZ GEii) NAFRISHZBT DT 7 F ) A ROF KAk O i

W

FHEEE | s AR COIIERE) | HORBHC I BAERSY T 2SR b A RIS O R

W

e JES GosmkEil) | AV ARBESE T — D BN OB & H R mBAE O fE

1. SO

DI IR S (Com ST gE o 2 — N BE) AR & L. SR BN o BT R
R - WRE 34 X OUEF A OAE 3 4 CTHRL L 7o, ZRIZITFINZHIER (&
BEL 22 BEEES) 2l L, B RE (Ek 1) IX0o TiF a2z, T —~I_EH I T
P—N—L L CEFEIISM LT,

JRF HERENE B
BRI RE (BT v — AR R)

—111—




JAEA-Evaluation 2010-006

I 8 R 77 Rl Tt e &)
KEEE (J-PARC % —E)

JRFiEstESN 2 B
ERIT (BULFAIFEAT AR ZEATR)
WM& (WE - MR E )
#  #ilh GRRRFVERTZERTR)

ZEOBEROBERUL, LT OFBE A (ICOWT 3 B Rl 2175 & & b2, Ml 2 &R
Zroh 955 E Le (B8 b), ZREOMERIE RITATHEICIER L7z,

FAfE B

(1) WHIFHE OFEARFEHZ DN T

(2) WHIFFET —~ 122\ T
(a) Sesmbr Bl LA R 740 B
(b) TEICHE AR 7508
(o) o5 LR R0 By

3 B LR
A ZUTHS,
B —#EENKLETH D,
C RELALETHD,

2. BROE LD

(1) KEFEOEAFEIZONT

M ZELBENORYOFMESEL,

A NRVEEANR O b EME— O COE MR T 2 Mt oHEtEx I v v a v &

Lt —E LT, HYRHETH D,

BV H—ROWNEE, ATy 7 REEO T T, RREROMAINED & D B & HE

L, EHEERFRIL AR E BIET ik, 2bd THIMTH 5,

- EB AR 72 TEBRZREAGE) OB A BRI TH 5,

(2) REFRT —~<Ii2>\T
(a) Jesimibh B SR 700
il 54&DEBLVRY, 140FB LY —HEEDTMEH.
AN Z—RDRRD ) —F =y TERETE L0 THLDO T MR LI LIV,
- BEIOLRIIEZ HRE,

—112—



JAEA-Evaluation 2010-006

(b) T yEs# SRR 7257 87

i 5AOEREVEY, 14OEA L —HEEOHHLE R,

- JR A IR CRECFTRE R CIEF I LW e — 72 D,

CEEVT =V RBON, ST AORRE 8D EX BN, ARIRT RSB H 5,

()i 45 FLbE L 740 B

P : 4L DEBELIVERY, 2ADOEB LY —HMEEOHME S,

< 2RI T X DR A A NTIE T AR L — B STV T, AT TR
RIS WFBETH 5,

c AV UARMBIEE T E— AOEBUCE L QI LW RERAH 528, e AW CTEERmIZE S
WO LW T ERAEEIC /2 D OFBIIWE 0 720,

- BE MBI OV TEEE(RIZAEDE T, bo L IAVIGHEZRTRETH D, N1 AKX
IS IR ARBN 2 D b DIZTET) LT LY,

(3) ZOfd=a x> MzHoWT

- EEHIRE 50 4, M EATSER 20 4 BUROIIE | 2 —ORFFEE & LT 3EMIFHES LWV
b g, BB OBEMEZ B L T PREEICON AT TELLY,

cWFET =~ IXEEE T, T~ ETERHE LoD, BfEEL L T TR R,

R IIEEADN D EE DN EED DZOIXEWA, BRHMICIIEBENO MR E->TY — & —
IZRND LT HZENHFETH D,

< SR IR O P CJeIR LRI R e L X X EE TH D Z AR LT, IEE b I ERL
J5ENELTUELL,
cHEY—RICHIGFT DL ZARTHY, A IEEOIEE R, b TR /==
X —~DEBICH S H & 2> T D A ERB 2 o TIE LW,

3. BERA~OFIG
Sk CHENIZE RO T #HIATH RIS RE# L,

—113—



JAEA-Evaluation 2010-006

(BEZ

ZEERE R LOERA~DX S

—114—



JAEA-Evaluation 2010-006

GRa:
—EAAZRINERL AL T E TN R R Z T 2R O R —
L% T OQUGRINE R 22X R O W RO — 423 - Ao

W) ¢ C I BB RFRIC L © [N QIO QL —A 4 DM — & A2 A FTr R d
‘B O L~ L R O R DR 2 — LB TT - SHEDEI LN B DI
€ NAY “CRQAUGHTD QLR R G EEH B AU TS O N TR
WA O @ OTNBT QUK D QREN 4 £V HEY(EHEOT— 522
°C RIS C N2 LRI R EY o TN x| @
CNUND GO R R @ 6 B % 36 My MR B A 1) 1 B
SEQLOYC QYL LNT IR
ZHEHFOYT G R QFANTMEEZ 2 — LA TT YR D R EEILMWIIC €| RE a
CCH TR DNEIR D Q88 R YA 3 A
" RIS SN AVEE XIS
LT | 2L OB OT — 4 A AU NENMN O L —A 4 8 M TR X W O (3 =% | o
WUAMEREEE 2N 2VhE (N s TRns | MHEBEE) L OBFAAE DS Y@M ERRXE 23— 4 AWM T 6 B
AR A QS 2192 2 | 2 EAL X ZFHOUMBT T QS DBMALMGH HOD Ol ¢k QMIFEAL
C REGANNHOBLNTL L DNRAS £ CNURBERHE I FD 2N
P2 AT ML T CHSAE "2LF “C L2 | R VAVE 20 ¢ T X LWHFFH U R ¢ " >HI LAY 0 £@E TOH) = q
YIER MO o — LYY “RPLRGE ML SN Y BT GO W B
—AULHAM CFANRUDY CNARANLCL | CTOIEZ DAHEL] ANe— ( £20FTE "YU — L L QT — & A AW (1H
ZEBO— 5 2 AWUMPTF UL S L) AT END CYE CNR O e | v
& QU FRRZERAGHEORUAM | T AT LT PO R NH WY AL R HSLNTT ZMCHEAY - GHFYTT 21 B
NURINCS Yo WA | B

DAY F ORI (1)

—1156—



JAEA-Evaluation 2010-006

" AFRAHMO G TR O ¥
SEXLN WV ORAATH NG THL-A | WS RIWBOAYH R 22— L@ DH—s AL g ) FUED0HR T C3T
& Ol B R LA G OUWSFTHE | TR 4~ £ %] DX >HF2 0207 THFULH) WZRIRCIAeLd | k& | d
CCW AL AAAUL T RA T B D PR 22 | RE |V
3R CIE Wi | HE
eV SR
TO QBT LD CSTINET [T LM QA LT s CEAMETE - “ Sl | TF)
B — 4 A AIAFTNT ) 0 TAHEOTT YN QBTG HWFID | d—
NN O~ VEE | NCA(EHR "ZRLRELDLNCDALAL G ORI IAY TAEA—ATIAIE | RE | A
S
YD C T QURIGH O > % 0 TR
R ROMA VYR LA — (QEENNME | RE a
(CEALRE (HERE) N4 CRE CBEEL A WFOIFE P2
BHEZUNO~VHE | Wb Qe R Ry ( L5350 "NEiR o —LFOY =0 ZAY WG | "% | D
TCLANHYCEYNFHUAN L g e [(EH)
"7y
B~ VEE | THIZEN 2 00@2HI I RIMEZLCA—L— ( YHCT -4 AWM | RZE | d
"W A TR YRR L O TR
QM A Y - gLl ) 2% 2—L F (M EQR AN — LAY Y o=04
DVNCDARMOY g=0 U AAYYEHBE | AAY "HEM) "CHINT I QWa—LIy 4 —==2 NI OWE 2 Wkt OTGHTF | =% |V
A CEE: Wi | HE

A L0 F AT Ak G
22— LAHIEYE (T)

—116—



JAEA-Evaluation 2010-006

U
M < B WS L L ) BRI S O TR N
Q¥ T ALK GAU— A HYO
Qb5 RO sV FEIE 20 QO sk )
AALFBEUNE TSGR O W E
BRI T YR B 2 B
CHYE 21 2344 SR D O 2 Hi# O 3
HI 2P 2 2 SR QTP T — A F B A v

NI AR O S T BE ¢ 2 DA e g
NHYF L 2 U WO @YFERENEHEEIDNE WY OT —AFBEG WY A Y

SR EED N TR A — C e T RG99 2O C T | TTE)
LAY O HRIME T CHERER 0 2O | BB HEES BUX W 0 HOMHEE € " Q@UWR C N LR O >lfi 2083 | d
“Q @RI > D) G SEID
R "D2VNOIURL AA UL LW NGB W X #FI G 22 | RE A%
agx Y B Wi | HE
AT G MY
R d
R q
TR
2 & 6 B (1 2 CH R S SRR ORI
WA S L RADIENELER °> 2| L4
DI D R <o N0 3T TN
OUVA-L £ 21 GH ¥ Bk Q<€ 36 iy 0 O 8 FY Teoc S CE R NAREER TS
T LALLM FH C LEDVHEA | CQRIRMER LR G B UL E R BHREHOTLAL N ER A~ LOHE | i a
SN B D DV BEE O~ B G EE e X
IHEHEOFF L —L TV ORI AT S NV OH GEVER "Hig Lo | RE D

—117—



JAEA-Evaluation 2010-006

oﬁN(@n
I 2B LM HEH A C QB RY 2D "D HRUFA G bHm T 2 SEEO
~ =Xk TN QICHTF RS HT CCRILEH L ANLHER N9 — 413
OB CY WO EHANCTURERL—AULI] —LO—% C NG LIDNFHL D2

R

‘CRFEI

2 ch N HE S D) b Q L D 2K
2 C T OBFEE D R D G2V HiH O $ 34+
kL] V£ 4 LG Q2N EHUE K e
CCLDN ¥ “RIHMOEY 4
LN b & ORI S p B3 2 30y
SUNCE B 2 T A e S M 3D | B R
W (o S - WHEE) D NC D) B B

SN LRI % O 2 MO SR %K oy o
TR R BB NT 2 G D RAGE T EE R D NG\ B

2RI 0 QU ZOL—AUL ST

IR

SN AMLE LW T HBALGELS A RS QAR D
VO£ 4 L MMEARE M e R AN O 3 S B ICE B S B ) Fr 2 152 by

IR

—118—



JAEA-Evaluation 2010-006

CANTWEILNYLFZEHLEIE 00D
PR (DDA C AT VT2 () Foth— kT (S WIS ) ((HO~ AR OTH ¢ @2 OYUR TR

T UER

— & A A AT, T LY E R NFQ 0 F QO BRHFF @ QS DB S © QO NS ONAILFE T Cx 2 Y REY

ZMHWTEH 2R EHY HIWMEOY —2 10k T FUHRIU L Gy WEMMOMEBBH A "0 @I 223 QLT 2 | A
H
CANEDN BHGEC ABWRZUD Q4 U2 2 2 @O B LI 0D dh QM
TR RN RIAUUNDLCHHG A PN UR T C L) B — 4 A AT T LU B RS LRI | d
e
QAFBHIOGILER L —AQVE T A Y2r—LTT “C L QHE QY > N2 NG "CON WL e — £ LRIFE G Bla— L3041
("\
N> 2 g AR “HmA G OFEE R O MBI O O ¢ 2 NG FFEENEE)) N RN CHHO R L T BE
TR T H QHFT " QUDE I N TR RIO C N FHHHE € 2N I L HEWWO— 4 2 AWM L 06 ¥ £ w3t "% 08 Elilg=2 | D
CRIFHU I DZLANCT QU —E— 128 (=& — 1 L4) WY OMETIDIGHEY T ROZ 05EZ A OEZ9gld | 4
A
4 2 ¥ & IEEZ

1 24e "Hozxr (€)

—119—



This is a blank page.




JAEA-Evaluation 2010-006

>Z Gk 3

% 3 EIJSRALRERTZE - P2 B s 2

ABEFIILUTOERN LR LFHERRRICT L D, Sl O FRTRHEIC /R D
bOTHD, (FTIE. BAFFER 21 F£3 A 31 HEHE)

EJ=F =3 HO EHE FILIUXEMNHER LEXEHRE

£8 TW BX AMEHREETIVO=7) Uik Et BEE

(E+&Ig) NIl 47H0 BIMTBCEATEMEATARERE 2282
¥ #H RRIXRZAFREIFHARR HiR

it BE=ER ZEWKFE ER

R X EREBHXRFHEFI HiR

IME RmE BIRLF—IRSAEEEDERERERR  ERER
®ik X hEKE BElIFR

Bl F— RKRKRZEERZHRR &R
Bl FE RRERKXZEPAICAYEZER iR
MH EZ WAL ITBUR AR PRI IR EAEE
4/ R=23VTSHKR R
M B WAL ATBUE N2 BZRT

CHMESEMARE L 2— FTEHRE

—121—



This is a blank page.




JAEA-Evaluation 2010-006

Rk 2143 H 31 H

MNATBAEN AR T FEBR FE A
B Mkr gRRE B

WrFEBA%E - AHhE A=
(JoomALAEMEE - FHEZ A=)
ZEEK Jfn E4E

WFFER JERRE ORI R IZ 2DV T (B )

YUZEERICHFEM (2 0JFHE (BB) 0 3 9] D& -7 TREOMFIER FERIUE O FAiTEHIIC
DNT, TORHMIERERZBIHO & B Y EHR LET,

WFIEBASERRE [ Joim AL ARt

DN =

—123—



This is a blank page.




JAEA-Evaluation 2010-006

(HII#%)

Jodm AR RERT ST - RHIlE B WG &
et SLAERTIE ) ORHR R (SFRITREATR)

—125—



This is a blank page.




JAEA-Evaluation 2010-006

H X
1. 5)\@%4,:—%‘»%6:4: 5{5&%: ................................................................. 129
2. %ﬁ%{@@? ..................................................................................... 129
3. %jﬁjﬁﬂ‘ ...................................................................................... 130
4 . /)/'(,ﬂ;@ﬁ%lﬁ:f‘—? ............................................................................. 130
A—1. F ARG T T LT A T oot 130
4-9 . Efﬁ%*ﬁﬂﬁ? ............................................................................ 130
4-3. 7779’—/,( ]\ff%i/gﬂ,r—%‘» ................................................................ 131
4—-4 . ::*ﬂ“/ﬂ»? ......................................................................... 131
4-5. %%% Ii“‘-bﬁ@’riﬂ*'? ................................................................ 131
4-6. %%7\&0‘/]\13:77\ ................................................................ 131
4-17. %ﬁﬁ@#@g%Jx—%@ ..................................................................... 131
4-8. ﬁ&%ﬁﬁ{@ﬁﬁ%ﬁ%@%ﬁﬂ,i ............................................................. 131
4—-9. DNA TE{%E#@#@@? ................................................................... 132
4-10. ﬁ%@f%ﬂ*i’ ......................................................................... 132

—127—



This is a blank page.




JAEA-Evaluation 2010-006

5 3 [T E - RHiER s Wi E

(CUF. AAEFONERR R 2 T CIECT 2 2 &03d D, JetinEfgbit v 7 —% Tt
YH—] EWERET DI LND D)

1. 5 NOBMFEEIZ XL pHiE

LRIDOEETHETRE Z L1L, B ¥ —0 5 AORSEEIC L 2 DEERETH 5,
T E TEL, B2 LL Tt —REowbfErbH o T, EORVGEH
H&lpole, B<EEINT—~EWmEH LIL B —DEZBT 0T, AN
ITktehafif v o9 <, BRI IEE LIFEE OBE NIRRT,

&~

2. FHM% - EE

55 2 [RlDZ B OWE T T SRS IS A HEIE, SGEESEon
SRS TR VR LI SN, TNE CICEBRESNTHEIL. BB TKT
X5, TDOHIBLELIX, B —ROBENHEARICID Z Entfigishng, L
L. RNz 5 TR W GERTEO TN T2 0 1 < WER DI B - T2, Bl 2R,
LMD TERIREDNEZ TOZRWE WS RIS AT T2, ERRITITI Z OfBEICZ < 0
BREBRT TR, WEIMTONOOHD L) Z LT, AROE SR 5WENH
b, moflz2FuE, HiEFR SO EIconT, Br&—1fF
BT S BICSEEICE I TRETH D LRI, FEHE S B OB T 22 HUE
PIZBRLS LE D EWIBRREFRFOZ EREETHD, ZORMET, F2ROEES
DWEETHERINEZMED S B, v ¥ —DOROE % 1 5 -0 EHcE
ZoLKbEERMETHA I,

HERENAL O A2 TR X ONEBEAZTROTERILITEA T D 0D, S HICAE L5
INEE L,

EDX O TAIE LS 2T _RENT, B X —RELNEZ 2 HEMETH
D0, Bz, WFFEE D A% D BEROTEBIO SIS HHELTE D &),
U —REEOan XU MNIRWVAIBEOEHITH S, L, BEDEED D220,
Flo. PRLTLEZ0anFx Y AORERELRBO TVODHHEETDD TiEavy,
ASR2007 @ & 9 I CTL < OSIFE N & D SHD L7055 &5 IC50 T HHES
[Nz, N2 BB L T D 2 SIGHliCE A8, B —D
MRENZOEFZ L ER L THEBICSINT 52 X9 ¥ —BET0 X575
BINVETH D,

FEFEH OBANZHIATON TS Z 2iE, E<iHliT %,

VR 2 O FEDORVERIEE N> CnDd Z Lo, BEE R LEERE bbb o7z,

—129—



JAEA-Evaluation 2010-006

B E CTO BFRRIIZEEREN T DT ES, BFEEZEZD T, K
BURLDINRE B DR FE E A DRV DIL, B2 —ORIEOMAE L TIIR L
WEC a5 25, JRFIREOSEEE 2 > TR OREE2 R 2 U — K972 Lk
STWDENBITIE, MBRZR IR Z T2 2 L AMHIG LU,

3. HATE

WHAFP AR R O 720D TR TR E 03 8 & 1 DRV TR B OSSR 2 T 5 |
EWVIHIRBUT, BRCTH- TENIERLS, TOEFIIRNT TR RSN
ENCBT 24 A2 X 2 DRSO RS Z T b O TH D) I i, @<
HAH9, -

%2 M ORHMIEREECHIER Lz L 912, SO AR Z A0 L7
N RA S OFMETE) 72D ThA D0 TRFNORMENZE] &I E2 BT 50
EETIHMEICER LD 2T, S W0ITE U X —IX 8D L 5 RIEE &9 5 ON
WY CTHN THDINEEZDRETHA I,

4. WHFET—~

F iR, P L THh D, 1 OHOWMINIET —~ 13T X TTKT
x5, HIFRTRE HDOFRWEEZ20,

TSRO T —~ DO THRERNIKF 2D, FFEEFEDO R THY . ko
R 70 ER AR EClR e, ME O T —~ OO 0N & B 2 55 DI,
T X —ROREEHIMIZIR > TV D,

4-1. EREZ7arT74A47T

T DI TR TE 5, RIS, WY 7 MRS L5 MRERS )
DOWFFEE KR OFE & L, DU T J-PARC ORI & 0 2R S D& 2 JA1 TY7<
DIL, W TH 5,

4-2. HEILHEEFE

TR DHHTTATE D, T D DILADKEE P TDEA A > DI
EHLET LD, WL TETH D,

—130—



JAEA-Evaluation 2010-006

4-3. T F A RWERIF

ZOREDOIIZEIL, T AU AR ETIE BT 2 TLE -7, MHERAIC Z OFEORE
WEFMTEXDHDIE, 77 ALHAR (ZENL#EDOR) THAH, HEoTZ D5y
Bpix, EHE L TRKEFEIHE Y RETH D,

4-4. I a—F R

FECIIbHrThEL, Ja—FrFAIFlE LT-EDH N EZ b ->T\ 5,
FVMFIEE 2555 Z LICBEE L CED TAR LV, J-PARC T MuSR 72 K DiFEE 2RI L
Tld. KEK & OB AN EE LV, KEK &8 & O SUboZENEE ISR B &
INTERE SN2,

4-5. PyE T — LR

BAEH OB TBEMET S . FHEH O A VARG E T IROFIA S BEEEE
TR 2B EN 2 HD Db D TH D, JRFIRZOREEE L TOMEZ, RN
FInsZ L amed 5,

4-6. A =7 A

Ce—Co SRDWFFEIT > Z — DI H DWFFEDUHFI T 2 L FRIRIRE IR 7225578 72
DT, ZL OEEPEVLRSFI AR LT, FRFC, 2 OWER T IR0 b
FRELMESEZ LN TE D), BMERHTL2Z8bH o1, B ¥ =R Ihzi
FHEE LTS LOHIVIIRUNIETE 2 &) I, £Z L@ ThH 5,
KITRF:8 2 WO FEHERN T 5D LW ) AREMEZ BREIZZ O TN TH A

-

o
4-7. FKifm - REmERF

Z DS EOERIRI 20T & R IR O R 2, R D ME Z®RS
SIS & R OB L L COMIE A2 RFT T2 Z LIRS TH A 9,

4-8. TR ER AR

HRRFERR 2 H0D ) —F—1d, ZORBOMFNRMER TH Y | EEEAIRE
DK EAREEIEDIFETHAL TH D, [FRHZ, IROMROFEFIFORRGT, BIFEICEH

—131—



JAEA-Evaluation 2010-006

DOEEORETHIFB L TV 2D, DX REBO—fz, o7 —oftdo—
EHELTIT) Z&1E, BEIC L > THh RWICHEFRTH 5,

4-9. DNA {EIE/EWimEL

ZDOBOMIENR, B X —DFHEL L THEYITH S Z LIk, Ve, L,
IBJERFAS Z O THRD TEHARTZ o 7=DIT, BAEFMRICHE Liel ZATH o7,

2L, ZOZN—TOBAEDERH &R A D & FTMSEH L THERO—
WOWFE T N—TIAL L TAT NEe, AU 2 5 RIT =& 2 6hd, &6
—1%, BT —~ ZBIGRICRE LT, O TITHER S SCh e i s h b &
IIRFEEZFT HDIT, TEAETTE DN LRV, BT, D b b 248
JEDHEHROMIFEE L I IMZ., FIUCRS ) THREMMGETHIZ L ThD, &
VH—IREENRE 2 HREMETH D,

4-10. JF1EZER

JRFEZERMEIIMRD TIREIZ B Ch 0, B, by, 77 X<, KX, F

HBRFE, MEINT., B BIEEIEE) IZHEL WD, SLLED, &t LTo
SN OFE Z HIVAHHEE, ITER OB E CERERIRTH A 95, Fr, BN
A =S FBRE D S B AR R 2 BT T\ D 7 —T L D INTAERTH A
V. I HIT, BAFFIEETE DIED B FOMITHERE & O b B E LS, £
DI OHE, FEEIIEH TIN5 9, EFEEOMEF L iU, BOHHRE T
GWFFERT & OEHER X S 72T TR BV, LW L—F ORI LT, b
D LD 7RFERREICEET 5, FELVEAZE ETHHETA b TRAEZBRRD Z &
PTEZRUN,

—132—



JAEA-Evaluation 2010-006

(AR

JeliEETAE - 5 3 MRMER B RICR1T 2 ZAOMBIER

« BFFEERBE DT DN T

HERE Tt & oM DI 72 EANIRIZA TN D X D 1272 ez o0 T, BfgEE oHIciE, 17
JFHFRAR & D TSN E Vs TR L TN D Z LB bz, Ziud, BIEEEICEY
DET DM FICAICELS LE D W) BREN L) BERARREEZ R LTS, ZOR
L, 2 RIOZEEROWMEECTHEMINMED > b, B ¥ —OROE % HiF 572012k
Hick 2 b < b EERMETH A I,

- BERENAL D ZZIRIZ DT

BRENA DRSS K OEBEAS I OTE R LI T T 7= AIE L 5 o B4Rp & LT, FlxIE, R
DRFAEILD, FEROEBOFEFFIZUELTE Y LWV, BrF—REfEoans:r TR
WEIEDOBITH S, LnL, HFEEOTICIE, Z0anx v A0ERLZBOTE LT, KOs
LEZEZTNDELHD LD T, PUTEIIBRMERICHTZY | MIEE OERICHOIEET XETH D,
VAT A U 7 TR HE RN 5 & miniworkshop & FHEND OS5, T EE
EIRESNIZT—~ &R, 2k X —0WigeE 207 &b SATREGTe, 2Tl
DEMEBEEWRL, BETLOLLUTEL, ST 2EMRE LTS, 29 LTGRALT—<IID
UWNVTTRUEIIC i m L CL eI C A (T 5 Z L 2 AR L 975, BT E L 2 —0dh
DIFFEE N T —~< ZffoTNT, FILRERICR 20N L WNTRE S, o ABFIZ/2->T
bRy, B —RIE ZOREENAERBISHA LR, 7v—T ) =X —DhOEHE
LT, 7T~ BMEERD D, ZZTEHADIN—T ) —F—OBE PPN EBETHZ
L 3TE A, miniworkshop 25, B Z— L HHED visibility ICZFETAZ LTV T THRUY,
TERBEAD ORI, ASR2007 O X 9 I TL < OSMED & V) WO FE 725055 % i 50 T
LEEIV B THROMRW RN THEHA 9,

—133—



This is a blank page.




[EBREEALR (ST)

1. ST AT # 2. JEAHIA VTR S 5 ST i i 5. SIEHE
g | SR TR e — Tk | bR | ave | Rk | B | an
i T 7 WEHA T e L ] I I A

& S|A— h A m [E3 A{SziE A — v m® 10% | ¥ sz 102 | » F| ¢
= Blenrsa WX, EA— bER m/s 108 |= 7 ¥ E 10% |2 y
= i ER=4 kg i Y | % — bR e O15 - 0_6 m
53 fifl ® s i st A — b1 m 107 |~ Z P 10° |v A7 m n
[ W7 X7 A #FE, OB BE|%n /7 AElA— L | kg/m® 10" |7 7l T 107 [ | n
BOFRE v E U] K woOR % E|xesIamThA— b | kg/m? 10° |¥ H G 1012 (v al p
B e M mol 4z, [ZS | A— bR R 2T A | mbkg 10¢ [# M 10 [7 =& b f
. wly v = 5 E W B ETSTEBES ARV | Am? 3 -18
N BOR 0 B |7osTEA— b Alm LU I I L A
ﬁ?l:%)%‘“), | ST A — kL @’ 10 ~ 7 k h 10 £ 7 k z
TR EFosIamsiEA— L | kg/m® 10" |7 B da | 10* (5 7 M ¥y
i PE( 2T T A— RV | ed/m?
T O (o) 1 1
e % B Of GrrEeo) 1 1

. ST

TR S 2RV, STE R S 2 HAT
(a) HLRFE (amount concentration) (XERARALS: D5 B TIIMELIREE e SI Bz L A1
(substance concentration) & & LiE 5.,

K6
i
B e B VNITE 1 & bORTH S, 20T & 93 min |1 min=60s
IS
H
BE
5

RS TH BT 1 ILEE TR LV, h 1h =60 min=3600 s
d |1 d=24 h=86 400 s
°  [1°=(0/180) rad

3. DL TR AT H R T
* [Ef D4R LGB T S5 ST HAL  |1°=(1/60)°=(/10800) rad

ST AT FRAL
LiRVATS S s fhDSTHALIC & 5 | STEAHALIC X 5 » 7 [17=(1/60)=(n/648000) rad
zLF KL ~J B—) ha |lha=1hm?*=10*m?
¥ H i el L i Uy b | L 1 [1L=11=1dm®=10%em*=10%m?
Sr 7S fi| 27507 O &© 1® m”m? % t |1t=10° K
J b3 Bl (@ Hz st £
7 —a—FhFv N m kg s?
Eh , [ Vil A% Pa N/m? m’kgs?
TR LX = T, BRIV J Nm m2kg s 7. SITBS AV A, SLEHH SN BB T, SIEALT
R, T %, Hatdluo b W Jis Py ﬁéﬂé?ﬁ(ﬂﬁﬁ%ﬁﬂ"ﬂlﬁ%ﬂé 12}
E O, ® & #lr—mr c A A L5 SI BN TFR S D5
B (BE) , &€& AR v WIA m?kg s? A’ B F A L b eV [1eV=1.602 176 53(14)x107°J
[ o " 777K F Ccv m?kg’s'A® # A b | Da |1Da=1.660 538 86(28)x10 kg
[ = #® Hi| A — 2 Q VIA m’kg s?A? MR EREA u  |1u=1Da
a y Z g v AU RAUR S ANV m?kg’s®A? K X B 7 ua [1ua=1.495 978 706 91(6)x10''m
T w®|w=—x Wb Vs m’kg s2A?
73 xR 7 E|7 A7 T Wh/m? kg s?A”
PO AR S R H Wh/A m’kg s? A
o vy 2 R OEleryyrES C K #£8. SHTEE VA, ST&HFH S % % Do Hifr
Pin Ek Jb— A Im cd sr(”) cd £k Cibeas SI Hifr TH Sh D5l
fz%‘f PUREI [);; iz i/» . 11;; 1m/m? ?1'2 cd N - /M bar | 1bar=0.1MPa=100kPa=10°Pa
WIRER Hor oL Eh i | - ARFER U 2 — b/ {mmHg 1mmHg=133.322Pa
e |ZvA Gy Jikg m’s? v 72 bu—n A |1A=0.1nm=100pm=10""m
MM R OB, | s i H M |1M=1852m
TS RO O S R Sv g e s = Y b [1b=100fm’=(10"cm)2=10%m?
i3 # I P & — kat s mol J v M kn |1kn=(1852/3600)m/s
<a>:sllfiﬁigﬁﬂ2?fﬁ:aaa#—fmwuﬁmmammmrMfmm B. Uin UESHGE A4 LIs 0T b 1350 7 - 7| Np STME & MLl A BRI
OV ST & 2T 5 T D 1155 W OB BT, Bz CORHE S 2 5 T izt 5, =~ . h SR D EFACKAT
FPRICIE, BT B RICIEE Brad R Cse 0 b A A, BIRL L CHLLEL L LTORETHHHFO 110 7 v~ /M dB

RENIE,

@ADL TIEAT T OT v LI AFE LB sr 2 HLOE L OFIC, TOEEHERFL TN D,
@~V FEBRIC OV TOR, N7 LW OREABBRIC SOV TOREH ST D,
@AY RERTVE L DERARATHT, AT RAREZRTEDIERSNS, BAVTRELILELD 9. [HADLHE HDOCGSHLEAL
BIOKE SFRA—Chs, Lidio>T, MEACREREE R THKINL LS bORM TR L TR LTH D, = e T ey
OREHERERE D HURTE (activity referred to a radionuclide) 1%, LiE LIEi& - 723 T radioactivity” & it S5, A - s SI ?T%Ti%éﬂ‘éi&ﬂﬁ
(¥ —~L b (PV,2002,70,205) 12U THECIPMAENE2 (C1-2002) % 5, = Ud 7| erg (1erg=10"J
4 F | dyn |1 dyn=10°N
,,,,, e R : ] §
F4. BMOPICEAOL L A zﬁgﬁﬁjﬂumw AR 7 Al P [1P=1dynscm?=0.1Pa s
JREL N DA 9 - ~ B
ST Ty A — 7 R = 2 1 104m2 o]
[liRAT At . ST EABNLIC L 5 I ] St |1 St =1lcm’ 5-2 10 4m 5_2
7 AL %% A v v 7| sb [1sb=lcdecm®=10%d m
BE| SR A VD Pas mtkgs? 7 *+ M ph |1 ph=lcd srem™ 10%x
— A ¥ HK=az—brrA—}1 Nm m?kg s? A M Gal |1 Gal=1lcm s?=10%ms?
G H==a—brmA—br  [N/m kgs® ~ 7 A U =z 4 Mx |1Mx=1Gem*=10"Wb
# K7 T ER rad/s mm’s’=s? v 7 Al G [1G=1Mx em?=10"T
ﬁ‘ L“I FIT ‘/’ﬂ?fﬂ‘ﬁ@ rad/s’ mm’s?=s? A A7 v R )| Oe [10e2 (10%4m)A m?
=, B a R EY s M by e e (c) FOCCSHLFR & SICIHEHELTE Rz, %45 |
. 9 ) 3RO HL R & SITIRIE I TE 2, 5 [ 2 |
Ty bm ey JIK m’kg s 2K = N
FAISERE R T O TH S,
v br E—|va—rmrarsagrrey |JikgK)  [m2s?K! ’ J .
x v ¥ |va—afmEurssa |Jkg m?s?
# 15 L oy A= brmrrey [WimK)  |mkes?K? #10. SICJE S 72\ 2 DD BT O P
B = % v F —|Va—UEihA— L |Jm? m™ kg 2 GaLi R SI WL T S h 5 %
R 0 R &R MEA— R Vim mkgs?A" ¥ = U | Ci [1Ci=3.7x10"Bq
5 Ao % B —w g3 A— bV [C/m?® m? sA v ¥ b 7 Y| R [1R=258x10"Clkg
ES i) E-'é |7 —a mESA— RV |C/m? m?sA 7 K| rad |1 rad=1cGy=107Gy
EREE, BERE {:i 7 —na g A— RV |C/m? m'zsA‘ s i 4| rem |1 rem=1 ¢Sv=102Sv
G i #7757 REA— L Skg .
2 2 aiieecin  |mm s I I e v
’; 5 e o N g I/F; ) b $/m1 mkgs A" A 17 =/ 3=1 fm=10-15m
T S —|Ya—
! T A S Al |¥me el A—RALFRHT v b 1A—NLHAT v b =200 mg = 2x10-4kg
EALY h B, BAARR Y 2 —AHEAES L E Y [J/(mol K) |mPkg s2K ! mol!
e ., o : > V| Torr [1 Torr = (101 325/760) Pa
AR (XBREDy ) |[7—rrEdns T A Clkg kg sA o P
AR S U R PSP Gyls m2e % K & JE| atm |1 atm =101 325 Pa
i 5 i ElUy MEATIUT v W/sr m*m?kg s’=m’kg s P Y | eap [leal=41858) (M15C1HmY T) , 4.1868J
Tt o) o JE|7 s M A= A7 7272 (Wim® sr) |m® m® kg sP=kg s (T2 Y —) 4.184F (FBLEI =Y —)
B OdE M @ g Am S A— b katim®  [m® s mol S 7 v v o [1p=1ym=10"m

(538, 20064FET)



ZOFRIMEBEREFRALTOET




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




