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Current Status of the Accelerator Facility at the WERC
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4.1.3. v rahuarBIEVAT AOUE
Improvements of Vacuum System for the Synchrotron
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AR LA ST R TS | R ST

Tetsuro KURITA, Satoshi HATORI, Sadayoshi FUKUMOTO, Yutaka HAYASHI, Hironari KAGAWA
Shinya NAGASAKI, Yoshinori NAKATA, Tetsuya ODAGIRI, Mark SHIMADA, Hiroaki YAMADA,
Fumiyoshi YAMAGUCHI, Masao YODOSE, and Eisuke MINEHARA
Abstract

The average vacuum pressure of the synchrotron at WERC was about 8.6X107°® Pa. This vacuum was not
enough for the acceleration of C® beam and had caused beam loss at the beginning of the acceleration.
We performed exchanging two of ion pumps for cryopumps, exchanging material of O—rings, and baking
chambers to decrease the pressure of the ring. As a result, we success to increase carbon beam

current.
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4.1.4. o rubn AN RE AR OB IR e 5 & B S8 G
A Plan of Upgrade of LLRF of the Synchrotron
SRR
Tetsuro KURITA
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4.1.5.SF6 H AD5e a4 &
An SF6 Gas Full Recovery System
e S g
Eisuke J. MINEHARA
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4.1.6. RO IR Bl i BB AR HE (2 O D fge i B s Bl 2 O 2 B -2 — D F8 AR IR B 35 0F
7E
A Continuous Wave Superconducting RF Linear Accelerator based Positron Generation for Investigating Point
Defects in Semiconductor Chips using Positron Annihilation.
WEJRIEI T T TAT A a—7*2 IR HLEE
Eisuke J. MINEHARA?*, Brian O Rourke and Noriyosu HAYASHIZAKI
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Nuclear Instruments and Methods in Physics Research, A557(2006) 16-22.
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4.1.7. FERAE(RENN LR O BRFE I
A Compact Superconducting RF Linear Accelerator for Commercial and Practical Uses
W JER A1 I KRR E
Eisuke J. MINEHARA and Noriyosu HAYASHIZAKI
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4.2.1. BPIE VX — 5022 —I2 81T DG T #R D AR BRI 58
Proton Therapy Project at WERC
HAFn R AKAR S A R R
Kazutaka YAMAMOTO, Kyo KUME, Takushi TAKATA, Jun UENISHI and Takashi HASEGAWA
Abstract
The present status of proton therapy project at WERC is reported. Six new patients were treated by proton at
WERC in 2009, and the overall number of patients became 62 since 2002.
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4.2.2. AFy = 7 RS ISR BT =2 — 2 AT LOREEL
Development of a Dose Monitoring System for the Proton Therapy Scanning Irradiation System
KA m RS BRI
Kyo KUME, Takushi TAKATA and Takashi HASEGAWA
Abstract

A dose monitoring system for proton therapy scanning irradiation system has been developed at the Wakasa
Wan Energy Research Center (WERC). This monitor system has been adopted in the reconstruction of the
WERC proton therapy beam line.
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FMETELI EFIMAVEEELT,

. fER-E5

AR OBIRICIY Ay =2 7 RS % D = R IR B T A RS LT R B e =2 — VAT LR LT, &
7oy ZOREE =S — VAT K RS 3M0E THICmAH LT,

COMBEE=A—V AT LAOBRAFICEY ., HIH#EL AT MILVEREEDE WS DICEHIEN, ZERERA 7]
RELTHZ LM TED,

V. it
WERC B3 F#R DN AAG BT FEE O EE =2 — VAT D A v =0 7 SRS LT2 S AT b~m AL
oo BIZZOVAT LA MRSTEIITHE AL TIIELI,

FFEPHIEER R SE S L — T
AR, () BB =1 — e — DM MEH R OZFEF 78 L LU CHML 72,
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{8 3% = ﬂm%
PC
BEERE BB LE
5tiRIRALA BT - T RE
Ay H— wEETES
£
T B SILAE)
BT &Y

K1 S BHEOTE=H— AT M, IR ESILTCWAEEFEOR R PC(XH ol BALFHE) Lo
LRI NPCL A A — (DT 42— ) BISHTHRICERE LTZ PC 128D, A%y =2 7 BREHZx I T 5,
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4.2.3. ks % A2 A 325 AUE = 0L & — it - BREST5 O BRJE
Development of accelerator—based low—energy neutron irradiation field for biomedical experiments
T LR AR A B R A AU R
Takushi TAKATA, Kyo KUME, Hiroki TANAKA, Yoshinori SAKURAI and Akira MARUHASHI

DI D IIHRIBIIE D — DT DAY F HPE iR L (BNCT) 1, &7 E OIEZE LIS OFMRIZ L~ T,
MmO A B 5T 52N FRE TH DD | RIEHZINZ . 72, 371G R OELIL LD AR
EELUTHIRFEESI TS, BNCT Tl AVHREZE AL, EE~OEERO WA Z EF TG L, it TR
TRNX— PR 2LT, AU RIERAIE P RAEHT, EH00 B TIRAERSORITIZEAE RV,
AP OARTFE 10 (X, FYEFEOSIRIZED, WEBRL 72584 T D, ZOMERL 1L, MO KEXEFFLE
DR TIEE->TLEI 20, AU FRIANZ B A A T B DO A @\ R B2 595, ZOREERY 3
AN DNEEE~D FEFEICLY EFIC@mWVREEZ R 535208 TED,

BNCT OGN R Z IV & O DT . JOEFERN S WOIEFI DO BTN L F TD, FEHIOBHFE Tl Mifu<e
FEERENW A N R BEEEBR DS LETHY , D=0 DR 2L — - BB SR S L B L 72 D, BLIR
TIEF AR FFEMER SV TOD08, ENTHEY IR A3 fTREZ2 IR 1, B R 7R 47 R > KUR
& H AR B FFEAE D JRRA O 2 fEET DA THY | AW RS D3 Al REZ2 8T 772 P e 7 PRI BRI S B i
TW5,

AWFFETIX, BNCT AMEBROT- DO eSS E | IEEE AW CTERT 58N BRI TH D, BIHERE
FETIT, 8~10MeV ([ZEL =5 1-&_VVY DD UM LV FEET DT 2K T 72 A AR SEEGEL |
R R NF — IS E TR T 2 FIEZMESL LT, ST, TR LT EF351C 38V T FERRITR T FE 3K
Flzpe G- U=z BRET L, BB FTRE ChHHZ L DR EIT ST,

FERCIL, ZoT 2IEHERE VT 8MeV (L7212 =YY Al S ppE 238 A Sw 7z,
PEAFAEDBK) 10em OALEIZK T 7o PAERE L, 77 FANIZ V-T9 MRz &R L7 7 Aa% EHEL
THRHFHEZTS7Z(K—1), FUFIEAKLL T, BED BNCT HEKFETLHVLNLTWD
boronophenylalanine(BPA)Z{# FH L | £589K T OAR T3 10 JREE)Y 10ppm LT 30ppm &725 L) FAN B4
L7z, RUHZIEAKZ ANT-bDEANIRNEDIZHL T, 60 43 DHRE 21T 57,

=213, AT 10 IR T V-T9 RO AEFROIALZTRL TS, R HREEAE AR T-bDIC
DNThH, PEFRREHNCEDEFROR T A RO, RV 10 REDHINIHE> TEFFMET 3228
DHEFRCTE T, AW IBEHG L, Bvb e 77200 Tl @ i 7o~ BB IRTEL TS T2 2h
DFHAZDONTYH, A% EZAT> TV T ETHD,

1

4 )

0.1
Water Phantom F

Beryllium target

Flask with boron1 gy / |

14
Flask with boron2 «@) I 0.01 E
Flask wifhout boro_ dlh E \\D
Gold foil 3

k Vacuum tube / | | | | | |
0.001

X— 1 AR OERER 0 10 20 30 40
R R 10BE(ppm)

X— 2 wHEFRE Lz V-79 OA&FER

V-7 E FFE

FUFFEBR ISR R f-RRE R IE S L — T R KR - SR
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A3 1.5 TR RN TRIE TR D 534 & DNA ~DZh 5
The Fundamental Study of Biological Effect Caused by Particle lon Beam Irradiation
S EEY (A=t A SN/ =/ SN VNE= R SN IS S
T B
Yoshinobu [ZUMI, Keiichi TAKAGI, Kikuo SHIMIZU, Youichirou MATUO, Takao KOJIMA
and Masanori HATASHITA

Abstract

We have been studying proton or carbon ion-beam induced mutation of the budding yeast, S288c (RAD +,
as model of eukaryote cell. In cases of proton or carbon ion—beam irradiations, several features of deep
interest can be observed, contrasting with the low—LET radiations such as gamma-rays. The yeast cells were
irradiated with proton or carbon ions with the dose 50 to 200 Gy.
G

AW TIEmEEWOET NV E LUTHIFRERZ AV, @ LET RLF# CTh 2 IREME O K LET B F-#R TH
LIRS LD N T v 7 RENEE L | TN E KT 5 AEMNE L OBIROMEI A B 5 Uiz, EAFERORK
END, LET O LRI - TEBHEEN LT 203 MR Sio, Fio, FRERBEEIL LET ITKF L,

L. il

DAAREEIILOHEL T, R RO E IS ANEHIZIL N> TND, 22T, @AM oTT L LU THFEE
B2 R, B3R NS IR E R B SN L2450 b LET OEURIZHOWTHEH L, iF%e 41T -7, 1K LET %7
SRR CTH D RRLET:0.45keV/ p m) KN, & LET KiAHRIZEETHIRFERRLET:107keV/ 1 m)Z A, A 1F
B GRS BRI\ OV A A 9 DA 9E % 3266 L 7=,

. FERIT1E
L AAER SRR
MR EELE U C., Saccharomyces cerevisiae @ S288C (RAD |l
#) . RO ZARGHEIWHESE RIEVERE CTHD g160/2b (rads2 ) Nwwwwm
|

AR A

AT+ cells

Z W AR LET B -l LT, B8 = p L — g

S— DR — A TR R O TR LB 7 ez (T /
UWZ(LET 1349 0.45keV/ 1 m), FAR RS BEDHL 7 L Dt )
BZX—127”77, £72. 5 LET B8R & U ClL. B+ iikts HUINEEEUEIED (o Semye-LPS)

A A BRFHFFEht % (TIARA) Tk FhL1-## (LET : 107 )

ke\// 1 m) . &U‘m%‘j‘%ﬁ@?%ﬁé\ %LLBJE)]"@ HIMAC Fe5Hi X-1 B RpiRe =R T 7 IUELE
RCORBM(LET:13-75 keV,/ pm) ZMREL7-, T2, L#EL T, KBKZEERZLAFZEFT D=Lk 60
MRS % DA o~ =, Z - URINRR B 1 50Gy—-200Gy T, BEREHII OS2 1213 YPD s HhZ
Nz, BERE LTI RERI I A S S = ok o — 2 A T Ly VEARREEEIE LT BRI EBRA ERLT-, 4
TERITBEZ DA TV ZER YPD B~ L, 30°CT 24h §58 % . £AF L (&Xlcan=—0OFHEITHIZE
k- TEHL,

2. TR H 2% CR-39 (LD TR IR DR 22

KRR S CR-39 ZHW, B R X A& E 2 I T 5720 O TR SR A2 FEhE L7z, Ziudl
FHROFERE AN D DNA ST W5 2[RI IS A A= 7T HFIED T2 O Ul L U TR 21 4R B8 £t L7
HDOTHD, 35X35X0.45 mm D CR-39 (2K} LI 7R E BRI L, BRI IZT LV AVEIRIZE > Ty T U 7 54T
W, Ty FEY ORI DOV TSR BRI 2 LR A2 1T -7,

BRIV - CR-39 1, BB %E S, YA R 27(35 X 35X 0.45 mm)) M OME LET Fedh i BB BT S iz
N—FZZATD-1(35X 35X 0.45 mm)?D 2 FE T 5, WIHREIE 35 X 35 mm DI IR S DA A4 HEEE (
T DELONDASNRWRED T LT R) L, 1Gy LTz, ToF o 73k b F Mo Ak (6.25
mol/L)e A% ) — V% 1:1 TIRA LIy F U7 EikE R, 10 K, 37°CT{To72, CR-39 ORRSTHIZAERL
TemyF By NI, MAHZNFBAIEI(BX-51, AV X2 4t) K OB i 288 (BH-350) I L0 BLEE LT,

1 @R, #2 WFZEBHIEES AR IRS L—7 %3 KBRS, 4 RIRIFILRS:
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1. FER B
1. AAFERZeRAE B

B AERICOWTOEGFROMEREX -1 1TRT, B iRER
FOGE OB AR TOAEFFIX, VA LET ORFBRIFHRE
FEESL TR o7z, ZHUE, LET O LRIV RETIC =L
X =T HEINAHZET, JWEIELTO DNA AREHGIW L
DRI 7 T AL — 1B ISR SN Z IR T 5%
z%ﬁ% KRN EEE P AR U356 DO NSRRI

R A L, ZOERE- B A E 2 T IR A AN —
&b\oo BRSO LET ORI 085 . A3 — [ D FERE
(e e %ﬁﬂfwéﬁ> TR R OSEATIFA A b
AZ > OIEBNZI > T TR IV AN —[E LN EZRDE W
k7/7%3_75:}b52¢50 —MIZ, LET 23 3 keV/ u m LA B ClE
AR—=NERNAT R T HEEZLNTND 2, B#. &
Oy BB O TEIEN R ELE VIRV D1, ZHILHD A —D
EDEHSEDJFK L7022 DNA HUIrE D BIRND, B T&ES
LEZoND,

F7-. DNA2 REEUIWrBMEE TEXIRVMETHD rads2 TORE R
I, B RR, IRFBARED I AR IR 1 HTRR R > 72 (K —3),
ZHUE, EHLOOBFEIZ OV TH, DNA RS UM A3 E e 2)
DERFRNEIRDZEETRUTND, FT 225K BAF T, B5F-#R
CHES LU TR ERITE < LET O _EH k- TR By |
AT DEm D RS (X -4),

Wk 22 FEEELIRE ARSHUIWHEE S ATE M THD RADS2,
RAD50, DNA ~DRR{LHEEIZ L > TAEUTZ 8-ox0G DFRZETENE
ﬁvfﬁb\ oggl T2, R IREHIC LD A fr 2R - SR A0 B

IR D L TR A FHE L TN D,

N

2. TR H 2 CR-39 IZ LA M IR DR

By R B 1% D R TR IR H 2 CR—39 0D 27 0D BE A 8114400
%)%, K-5(AIZR T, £z, RS OV 7L O % X -5(B)
(2, D7 DIZ [FIfE 2400 £5) T LT BERERERE O {5 41X
“5OCNZR T, K-5BNEARBH DO NRUANT Y 712V T T
TIVBEZAT T2 A OEE T, —y T By MENEE S oT2
ZEMb, f%ﬁ I RKTPITAFAE 5 22Rn 72 & O B M2 2 1
5 a BT I BITHREN TWAZ LN R TE, —FH . K
=5(AI kb\fﬁﬁﬂﬁfx:ﬁ/%t v MBS ER STz, [X-5(OITRL
ToHBEEE RO YA XL LT, Bifg O ERE DB O E R
Ea+olmb b LRETB L, 2 ORI 3T R A3
EGRLIEDEODOHEIIITADL O Ll Sz, 72k, 5%,
KRB 2SS OB % RAE A S, B R I2 LD T
w7 (RO E L, 2N ST B EY s R L O BHR ORI % H
I RtHECTHD,

IV. Z3E3CHk
(1) 1) Y. Matuo, et.al ,

Survival rate, %

n LET:A3kev/ & m

100.0% O =0 ion LET 25kev/ it m
Cion LETS0Kev/ tm

0= ion LET 75kew/ &L m

80.0% ==0==G ion LET 07kew/ tim

Survival, %

“Specifity of mutation induced by carbon

ions in budding yeast Saccharomyces cerevisiae”, Mutation Res.,

602, 7-13 (2006).
(2) J. A. LaVerne,
Radiat. Res., 153, 487-196 (2000).

“Track effects of heavy ions in liquid water”,

# = Proton, LET045kev/ tt m

O Gamma=ray, LET02kev/ b m

60.0%

40.0% \j
\E*
0.0% T T T T )
o] 50 100 150 200 250
Dose, Gy
-2 B57HR - R SRR AR T ORI A 7R

100.00%

10.00%

1.00%

= === Ton' LET 107keV
(Wild)

=-8-CTonLET 107keV
(rad52)

—#— ProtonLET 0.45 keV
(Wild)

0.10%

0 50 100

Dose, Gy
-3 BAERRR O rads2 8k TOAEFER L

150 200

100 =—@=LET 107keV/um

—8— | ET 50keVium
90

==L ET 13ke\ipm

=#==Proton, LET 0 45keV/um

80

Mutant frequency, 1077 cell

Dose, Gy

B4 A BRI T RANE R

R— 204y 204 me
204 mv Q
0

(B) (©)

CR-39 BAfEE 4

A

-5
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4.3.2. H—RoF ) F 2—TEMEMm ETOORKREMNKFERERZOBLFHEE
Electrochemical Behavior of Dye-linked L—Proline Dehydrogenase on Glassy Carbon Electrodes Modified by
Multi-walled Carbon Nanotubes
K AE—BE1, SHMBT 8 v e
Shin—ichiro SUYE, Noriaki KUWATA, Haitao ZHENG and Keiichi TAKAGI

Abstract

Glassy carbon electrode (GC) was modified by multi-walled carbon nanotubes (MWCNTs). A recombinant
thermostable dye-linked L-proline dehydrogenase (L-proDH) originally from hyperthermophilic archaeon
(Thermococcus profindus) was further immobilized by physical adsorption, and the modified electrode
(GC/MWCNTs/L-proDH) exhibited electrocatalytic signal to L—proline compared to bare GC, GC/L-proDH
and GC/MWCNTs electrode, which suggested that the presence of MWCNTs efficiently enhanced the
electron transfer between the active site of enzyme and electrode surface.

2K

SNF U= NI =R F ) F 2—T MWCNTS)ZE L T2 Ty — T — R R A ER L BT AF B
M7 —%7 Thermococcus profundus SR L-7" 0l o K REER 2 W PR 47 LI LRI B E( b
U R SO I SBIRIN B 2T Uz, T OFEF, MWCNTs OfF(EITER LB O E TRZh R e &)
TWDTED RIS AL, M L OBE OISR RS,

L. =]

BUE, BHBEEZIILOET 0 EMEMICIDREFEWHENMBELR > TBY, A EMAED Ok X
W2 OB E K3 D7D ETHD, WEROTEMRH T EE LTI, RBEEE D, R Tk
2 BAT TFEATE YRERHL0, RHICE T DR, R, BEERSICRER S, B AR T3k
HMERZ LV, — 5 Gl 2R Mk S L TESALFRITIEZ V2 DNA B3 EH SV TVWA,
ZHUF BB OFEEBRE BICEB T LI IV AT FIETHY . X —F b DG EMEY
D DNA L~LCOMGE, ffifE, mEE MR AN ED D, 3 TIlo, Fx XM EWVERE R A EfM L 72U R — 2 — 71
— T LA F U B EMILT Y T Ty — 7 0 —T W T PCRICEVIEIE L 724 — /4"~ DNA Z & _EIZ[E EAL
JHZETDNA B OREEEFT 72 Y, AFFECIXEICERE v v v 7 T AL 2AOMEE A g+ AT
B =R T )F a—TEMEMm BB IFEBWET —T Thermococcus profindus B AaFE M L0V i
K F#EF (L-ProDH)Y % [ L UEE R RO IZ SR E MR LTz,

. FEBJk
1. A

B TS I Escherichia coli BL.21-Codonplus (DE3)-RIL Competent Cells 1% STRATAGENE f-L0 AF LT,
FBAFENE T profundus F KM EWERESE FEHH pET11a X7 X — 3 JUN KA R BBAZR IV EE LT
TBEV /=, Ferrocene monocarboxylic acid (Fe—~COOH)IZ> 7 <8l Fv 7=,
2. MHEMET —F% 7 /12K -7l ik 3885 (L-ProDH) ORI A KRG B 20 D K

FHHAR K AH B 1 Overnight Express™ Instant TB Medium (Novagen)Z£5H#iE L CTHV 16 h IEM7IEER L,
B T 12, WIRZSEE - et 21TV B BRI CRAZ L, i BIE 2 HEE R E Uz, IRITHIES
FiKZ 70°C, 10 min MBGLIZITV, BIZEATAEET =0 LML | Bk 72~ K27 57 ¢ — (Phenyl
Toyopearl 650M) |Z TR 844757,
3. W—RrF /F2—7 (MWCNT) & O L-ProDH [E E (LM {EHR

MWCNT 1 mg &% /—/b 1 ml 2R &L, 30 min BEFAHZATIZETHRSE T, MHELIS Ty —0
—R BT LLUEAZY—2 7V M(SPE) EIZ 1 mg/ml MWCNT 43 8ikZ 10 Wl il T, Bz, [FERIZ R &Y
L-ProDH % ., JE#ZL TREE(L LT, L-ProDH DL EE ERIZ 7 V20T VT eR(GA)% L-ProDH &K
WCIRIML7=b O& BRI 5 ul i T AL T2 TiTo77,
4. MWOCNT Efi B B2 OWE

TR R TR TR LA ERE, P RKE TR EHME T 7202, © WFERI ST AR N —7
AT, () IS = p VX — i Fe e — DO AR R R EL L TERE LT,
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FORRIE 3T°CTEIREL, R A AT 10 min NT V7% BREFS FTH0.45 V (vs. Ag/AgCHDOHIINE
JEZ TSR FEE CdhD 60 mM L-proline 100 pl Z#sH1#%, 0.3 mM Fc-COOH 10 pl Z &K IEINL CERLIS
BEOREELT T, EHISPE TIE4 Fe-COOH I FE D SUGIANE 20 ul #Z N ENAT)—r 7 )/I\ 7 (SPE)

FIZ FL, +0.25 V OHUNEEZT CERISEDOREEIT o7, £, (Efifi SPE (X4 HE I # 2 fH
WEETL LT, BXALFHINIE T Electrochemical Analyzer Model 800B (BAS)Z AW 3EAGR T 2T o7~

. FEREBE
1. MWCNT EffidERz > Fe-COOH (254 A Bt &t

MWCNT/L-ProDH #)BE & fifi B i . O GA ZRAEVEI285 L-ProDH [E € MWCNT & fifi #Eii% VT 0.3
mM Fc-COOH 10 pl OFRIIN KT DRI A 2 E LT, MWCNT/L-ProDH #)BREE i BB MR I AAE
RO EMRE FER L TR 14 (EO BN EZ7RL MWCNT 2REF O EBIIS A OMIRE R A MR T 5N TE
(B4-1), — 75, L-ProDH [E &1k MWCNT {EAfi BRI I AE A RO K AME DB I E Tho7-, MWCNT &
ffiL 7228120 EIISE D KRIBIZHE R T 25— 7 C, R AL P B E L U TAE M RO BRI E DMK
STEREREL TEELICHW: GA ORENETE OI8O L-ProDH BEIELTLESTZIER
L-ProDH [EE{LMED Fe-COOH DEMR~DHEARAFHEL | DV RRE AR EN TONRN ST 872 80
ZH5,

1600 [
1400

800 [
600
400
200

Current (nA)
B P
o N
o O
o O

Current (nA)

0 10 20 30 40

Ferrocene (pmol)
Ferroceneconc. (uM)

-1 1M IzALVBERODBFERFMIZLHEBEBOERGE
® 'S5y —h—R BB (RIEH) ® {54 SPE

-2 4ff SPE |ZXFd 2 BHIGE

B : MWCNT/L-ProDH (&8 EE

M :L-ProDH {&ff SPE
A ;| -ProDH EE{t/MWCNT &7 E1R

A :NWCNT/L-ProDH SPE
2. SPE @ Fc—COOH (2% A&\

MWCNT/L-ProDH #ERHHERREM TIZ 7z 2t 3 nmol ETOMENTTRE Th o773, SO E K72
DNA BV T VAT IEEDT-0 | T AAAMANZHFE H L, SPE ~OI &3 7=, SPE 134 & D SIS TAIK
THIENFRETHY, BT~ 7 LIS A F T LW 2B E TR DT A D720 BUGTAR
TORE SR HH NI C& 5, 4 RIE SPE _RIZW BRI & 128> T MWCNT & O L-ProDH O [ &
b LTz, RIEEAGD SPE K OMERLL 7= SPE % FV T 10-40 pmol D45 Fe-COOH ¥ (2% A it i & A1 E
L7= (-2) , MWCNT &R 7T —h—R B TORE T el 45 Fe-COOH Dt 5 E i
AT A0 522D 3 oTz, ZTOEHEL T, Ny F A TOREELL R SPE TOREITMEETDRSE
ROENRETHLHTD ., [RIRE DOV 7z m &AW BRI SOS IR B OV 7 VIR EE DS E v IR EE TR
EARETHALZENZEITHNDS, L EDZENE, MWCNT/L-ProDH ##EHY SPE Z T E A YA 2 —~
hELIZDNAY® LY TV AT AOREZE N RSN D,

U IN

1) C. Bartie, S. Venter and L. Nel, Water Res., 37, 1362 (2003).

2) C. Shone, P. Wilton-Smith, N. Appleton, P. Hambleton, N. Modi, S. Gatley, and J. Melling, Appl. Environ.
Microbiol., 50, 63 (1985).

3) P. N. Robinson, B. Heidrich, F. Tiecke, and F. J. Fehrenbarh, FEMS Microbiol. Lett., 140, 111 (1996).

4) S. Suye, T. Matsuura, T. Kimura, H. Zheng, T. Hori, Y. Amano, and H. Katayama, Microelectronics.
Engineer., 81, 441 (2005).

5) R. Kawakami, H. Sakuraba, and T. Ohshima, Extremophiles, 8, 99 (2004).

30



FPIE =R — P gE 7 — R RS (R 21 4R )

4.3.3. A E— LN I DT H ) — VIR B 28 SRR DR EE
Construction of Ethanol Fermentation Filamentous Fungi Mutants by Ion Beam Irradiation
B —720 mBEA T B
Kazuhiro HOSHINO, Maki TAKANO and Masanori HATASHITA
. =]

AR T A O e i oA A BRBHG Ve ~ DRGSR BV B E ATREZR A TRV — DRI R A PETE D
BRI Lo TND, FFIZ, TR ZED TODAAF = ) —uE, RS E TV ~DOIREIZEDSE
FESHUITD TOD0, ZOFEHIE S I DG LN 8O E RN ChoT-8 | gL OBEA I
HFTEDBHELL TND, Zpz, ZORBEERENT D72 D KR 7o\ A Z~ RGPS D =X ) — VA FERTE
HESNT5, — ., MRERDMOOLTOREIX, 7 va—2& FEKET DT —AD B2 b TR h—2A
7l B E TN, ZNOHEE 2 CHIATELHAD X ) — VIR EE AW I IRON TWDT20 | ITHE T,
TH )= )VREBRIZ B G- D s A0 b= AU R T A AR AR TR T | BERE, 2 R 8 DB FE DN
ATWD, LU, ZOLORER FHBZ A E O TS Vv a— R LRI E DR Ty ) — VA A FETE
HHLDIFEETH D, ZZTROONDHDON, "F0— AL REETELHEDTH ) — VREBEAEY” T, Z
DI F D, Fex (TR =2 /IR TS ) — VB CEDRIRE DR R LT > TE T, ZORER,
BEOHEN PR R OBKIEEZOSME T T /N a— 2D B 5T m— AL TE LT EZH I AW
720 LML SRZ ST, T —ARBEREILTIV, T2 T, RIFFEICBWTI R LTS Mucor sp. D4y
TFAAA LV E—BERE L, Fr—ANDDO TS ) — )V E AR R AR T D2 IR,

on. Fik
1. i HERE

BEA T EL T OB AR FARBERERAED Mucor J& 150 BB S m— A FERR S L Ok - BHEL
72 Mucorsp. HR&MEHLT-,
2. A7 — LB

Mucor sp. % 28°CCPDA FEREFHZ A B ST E AR BNG, BE S T oAt T2 R, AR
WK TR 1=, ZOW A A 7T 481 1100 (NUNCIZ AFUZIREET, 200MeV DT BRE — A& 5N E
660MeV DO —R B — L% LT,
3. BxTH ) — VA RRE O S

AF L — LU 3 A RREIR A AR L | 28 BRR S0 BE IR IR ES HUZREFEL | 28°COIREIIFHR DO FME T T
48 REMRE R ATV, A B LI Uy MR LT, 205 Bk Z Ty — VAR FERE HINZ T 96 FRE[H D RE %
AT\, AT D ) — VB LTz,
4. [RBIRDOWHE fe VX ) — VA FERD T

Fom—2 BIERY THLEL YV N—L O VRV L, HPLC ZAW Tl Lo Z ) — L
B, FvE TV —HRIa~v 57— 2 I0HEIE LT,

. #5R R ONEE
1. @xH ) — VAR OB

SRIRE Mucor sp. DX ) — )V EZ M ESEA-0OI0, A4 — LRI I AT RS Z 1T o7,
MDHIZ, 500 Gy~2,000 Gy DT BRI EITSI2M, EBICKH L UIEA LD ROLIVT A I Bk
TG TEAeD T, T TIRIT, =R AF L BREHNIE 2 TE RO RG22, ZOFER, 2,500Gy F
TIIAEBFICHL TELZBITRD BN > T-H DD 3,000Gy TIXFHFHLEA<Z T, 4,000Gy TlEa4
BT DHRIERO LN 2Tz, 2T, BBRFENFE 3,000Gy K LT 0A T D@ Ts ) — VA FERR DA
D)= T hAT o, R —ABE DL T T v, 25 g/L OxTH )—)LOFFIE T CHEB 528 Rk
13 BRE RIS T2, SIZ, 5070 13 FEOZRBKRAE VT 50 g/L OF v a—RfF(E T ChFRIEE%E 7
HREAT o724 R, RIRFEBRDGA . 12.6 ¢/L DX ) —)LEAFELTZH OO K2, J BRI 16.3 g/L DX ) —
IVEIRDZENTET,

FUEIIREE, PSRRI EWEIR S v —T
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2. Mucor sp.] ¥EDR1 4555

BT —AREERIRE Mucor sp.) BRODOEIGEEROFER THD, 7 NVa— A& RFEPRELTZEE, 23
g/L DxZH —1(36 DGO, ZOEEDIEEERN 1T 90.8 %, AFEM:IX 0.64 g/L/h TIRIXFEEERERFIZIL
M DEE R LT, — 7, Fva—2A0OH4, 19.3 g/L (60 h), FEELNHR 75.3 hEfERDTH ) — L IEEEREY)
LLTHESIN TS Zmobilis 2 Pichia stipitis \ZPUEEL . BB FETREE DS EANHIBH LT,

IV. ik&b 80 40
VT ISAF R RINONAF TR ) — )V A PEST DT D 70 Glucose | 55
B E R T DA BINEL T, =8 —VRERERIRE @ 05
Mucor spAZKXTLTH—RUAF L BIFEATU, 13 BROZS Bk -é: zzés
2T, COEBKRONELENTOD J1 RICOWTHRE &, W
T CRISEEREAT oI fE R, 7/ a— AL CIIEERRICIL % w0
BEL, AZ, e om— AR TIRE ke D SR K0 7 %6 " 53
B3R CRIC, M EEMEE A T2 m MR/ R AE W A S 5L e T & T & = i
THIENTE, 5%, ZOEBKRICKH LU THIZAF B — A Cultivation time (h) .
FBS 2 ERL . B a— AR T~ AR R B D o < o e
SUMBEEBRFL, —DOMEM THLLRBEEITADmIE s | .0 e e oy
MR IREZEE T DL RFTT 5 T E THD, Iso e | g
= 40 20 ¢
2 30 15 ;g:'
20 1078
10 5 £
0 0 =
0 24 as 72 96 1z0 ©

Cultivation time (h)

X1 Mucorsp. J & BIRDBEI5HE
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4.3.4. BRI ATBIRIC 31T DA B 1 X UT KD B FRERR S e O 7 ]
—Z U E D0 AR FE DR HEREAS D i —
Mechanisms of Normal Tissue Responses induced by Exposure to Low Dose Protons
—Stimulation of Cell Death by the Responses—
FAAGEAE™ T B
Hideki MATSUMOTO and Masanori HATASHITA

I HEY

AWFFENT IS TIE, ENEFBE A (AG1522 HiIAR) . v NIE/ Nl it A3 Al A (H1299 Hif) oD 1E # Y
P53 BARF BN (H1299/wtpd3 #ld) | ICR =7 AKX e MESGHAA A~ A% I KRB B5F-# 3 <
(Z R DS RIS M OB HARE R E IR 1 O RF E B R, MRS D T e M R G K] 1 O R A B R
SR SRR A ) Sy 1 AR ) S OSHERR A S VT RRAT UL AR B BS TBR I X IS RVFE R SN D IEH,
HELR SO DR Z DN T D22 LT 5,
o. A%
1. A FERL RS LD HUR R G I D

R X FRIRSHC LD FFE SIS B R G I Y NS RRL T-BR O IR B IR KBS S0 0%
H1299/wtps3 Mz AW TRRET LT, TORER. B ik, A B, RFBEHR M OB OER RS> ThH
T BRI S B D HEINDIEN AFRBIOERE R T U RARA N LT fRFTIC IO G E 725
77
2. U AMERIZIBIT DRLFREFHFE A RS L — S

RSB OT TR E IR Bl (RIRZGE LV AN RS L OVF . (IR ZEE LV JEM)) L7z ICR
~ U AD /NG K OFREEAZF51F % TUNEL Bt (7778 — 3 ) M oD H B AE 2 4 S ki i b e B L KO
Uiz, &HREOSAIL, /MG R OR IO TEEE I TUNEL BRPEMIE R b, T8 A Iz
THRETH T, FPEEBRE T, #7E<L TR VN R OUE I3V T TUNEL BRI 2SR D B,
~ 7 AMERIZ BT R RREE 5 SA AL 2 — B KD FEME X KRR ORI ZH T AR S — ANFHEIND
ZEDNIRBRENTZ,
ZZ Wk 1)H.Matsumoto, M. Tomita et al.: J. Radiat. Res., 50: A67-A79, 2009.

EIHRFEmTARNX — BRI Z— | PR SE . MR IR v —T
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4.3.5.AF4 L — AREHZ LD NT VAR Y LB A =R LD
Analysis of the transposon movement mechanism by the ion beam irradiation
ik FH AR, KT B, I B !

Yasutaka OTA, Masanori HATASHITA and Masaya OKI

N7 AR ERE—MIRNOYRER LEZ B ERIHDFOTEHBETTH Y, HF, Mool
FEC, HEAAKEIEZMH-TRY, /-, Hx OMEORRNEZ B 720 OB s TR BEFAEHEMEIC L5
THZEPMESIVVERZED TS, LL, T ARY COBEEM LK OBEGIEH 50272 > T
LA LoV T ED L D ITHERE LIS L CO D DIARBIZ2 32, A IIHEERERE S cerevisiae
EETNERL LTV, A4 E—2REIC X VAR LR E2ZT, ZRUCk D T U ARY v
DEEICEAL T, B F LV TOAN=ALEREZHRE LTS, IoieE LT, R ARy~
DEIXZHBICa br— L, EORWEREAT AT AORIEEZBHFEL TV,

BONT, HEFERERE S, cerevisiaelZ, FEIAD B70 5 T % R USEAT 24T > 7= FURRRIZ 7 — R
YE—ALTa hrE—A0fiHY . BRI BB FESIREN STV D S288C BEA AWV,
TR L AR OBRERNT LT-, B —7R 2 B — A TlE 506y ORRECAEIFRMN 10% LLFIC/RY . 7
2R E— AT 3006y OMSTCAGFEN 10% LLTICRo7e, BBRENZ LI, I—FRrEe—2A, 7
2R E—AE B ENEEIT 20006y, 10006y DO EAFEAZBST L TH, AFEN 0% I220T, &5
—EEDOMREEBZ D EAEFRITRTET, BUXVIRER B Z EBPA LN E o7z, BIZ, 20006y D
H—R B —LBE TEEF LIEEERRRIZ, 300Gy DA —RoE—LZRE LIZE 2 A, BERRIC A~
FRNS~10F LR L, CNOAGFRN ER LEERICY ) —ERET 2 L FICAEFERN ER L, =
NHORER LY. BRERKN CTHLAEE T 2 BERIIBHRMEZ S L T\ D Z AR S Lz,
ZZEZEL 1) A.Morillon, L.Beneard et al.: Mol.Cell.Biol. 22 (2002)

REIER B T BRI, P PSRRI E AE RIS v — T

4.3.6 AL FHEZERE ~DAF e — LHBENC LD LD B AL
Development of Commercial Varieties of Flowering Plants by Ion Beam Irradiation
ERARE, KBRS ST B, mdE—

Katsuhisa SUZUKI, Takashi MIZUNO, Masanori HATASHITA and Keiichi TAKAGI

KB BIH R ORI E 2 WD Z R0, BRE S RIS W TR A DY E R AR T 52808 TENE, Th
B BARZAR U ARCMMET B E D FIEIZ Lo OB EN R ERIRE CTHIE T 52T, A CoRnEE
I C&ED, Frx 1X, BB (Catharanthus roseus) DWIKFEFIZ, I —HR B —LZ G D% O R
ROBKAEITHZ LTI, BriaFEOVEH 2R T2, T O R, FEITHIE BARDBEN AT AE (A BAR A2 5%
KL, ENDLOREFR LTV, IWEOLZEMNLMER L LT, & CAMR BXUH L UMR LT,
ARG A T CETZ,

FEDIRFINZBNTUL, V=K EREERR AN THY, FRZDO NN =—TarPRROHNLD, LnL, 8
W, R — RIS TR OB AV ZE BARLD 2V, 22T SEADVEBRTHAD L) — XA KM DT280
(1) F &8 CAMR OHEMIE~DAA B — LIRS, BELON(2) L8 UMR E[RICAERZ R348 R UP
(B> 7)) REEHIARY UR(LwR) | ZRECHIARY UB(7 b—) OFEMIE~DA A — LPRE 24T, 6] —AE
HCIEBD RIR DB AL BARDIEHZFRA TS, FEITHITE B RO BED AT B A2 AR EEAGHI T
BY, ZNOHORMEHERBLOE DR EEOMEREIT> TN,

Moy oA B —Fat VRS, PR R MR v —
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4.3.1AF B — DT IO T35 1185 32038 5 Al B o6
Development of New Varieties of Green Vegetables which are Suitable for the Green Factory by lon Beam
Breeding
ST EEE, RIEE™ muE—> | A
Masanori HATASHITA, Shizuka OHKI, Keiichi TAKAGI and Yuji IMURA

AR, RIEPCGEFTICED DR W R A FE N ATRETHY | MEEIK | BBl & O @A M O ED %1
HREW) T LD A PEDM TN TE WD, 2HL T N LIRS BR B OHIE T I B\ CEM A B4R A PE
T HYAT MTBWTE, BREHIENZD ) D3 AR T 5 EDRE TH DN, i LD RS S E0hE
Wy T LT A ORIUZ SN T, RAETFORETHD, AFTRICB O TL, B E OB IR
DRURES B HIR A A B — DB REEIN LA T8 LW B R K OSREE BB S D I b 72 12 8D |
I CRAER T MY T8Il U@ A SR Z B 5, ZHOLEAZE L €, T¥E LS
W AEFEIZD DD BRI A DA X D,

YRR 20 AR ISRk ES B S ST L T2 L Z 26 SW R I DN T B R ES U7~ A PV TEE /% 7900 7
N bR MU Z R L A4 — 2B B LT, ZO% B EERL, ShiE 257, BEHERNLOH
AR BUIRE R STV 1~3 T, A HTVOH/ LS 1EL T, K 7000 ERILHATE T, 2096, I
FRET K L A_RTAEF O B MEREZ 1S 72050 (k5% LTz,

IR b, AR 22 LS T LA RERES LT, BFICL X A&, B, e EE2HEL
7eo TOREF, BEREE O ELHIAE RIMMEESIL, SEEOHINTIH A E FTAERITMEESNLILOD,
FILEIIRIT N Th o2, Fo, IREOBINE LB I AR MEESN AN HAHEEZBE DL IMEI ST, RE
HAPEFEIZOUVNTIE 1000ppm FTOHNINI IV AE R IFMEESNDZENRALNNI -T2,

TWRIERSEED EMEIRS N — T eI RSIREE, P g — R AL

4.3 8IEMIGIEN D D U P EIFRENUZ W D IAE OWF SRR 5
Research and development of microorganisms used for phosphorus recovery from activated sludge
FH A R
Yoshikazu TANAKA

DT, AMDAEZ TV ETRAD TR THY , BIEOBRAPEEZHERF T 572D IR IR0 S D THDHH,
AARTREHSNARWY U HE A OB B L R b TRI40~5045 L FHIS L, DI LT A2~ 5512 5 i
LTV, —, FAKRLEGHOHEH SN ARG IRIL, H AROEM A &IZICET 2V 2 &/ L2 nbh
ZOFRENKAAOEEFREEINTCND VU, RIFZE T, FARBESGOEMIGIR F L) A EIRA R 957-
D,V DEEICEDLY - EFEME 2L, V&R /0 RN ) U728 BRI OIER A 1TH 2 &
2L, BIROA RN K OBRERSICETHZ 2 BE LT, ATV EIEE 28 T 5 E W&
HUZ LT 72912 BT NOWRNI e 8RB . OIS ENDHMAEMFED Total DNA ZHH L7,
%D . Polymerase Chain Reaction (PCR)&Z T, 16S rDNA OHAEEIT 7=, B2, Vo ERGE AN D4
& DNA BCFIHA B DNA 74~ —ZER L. PCR ICk > TV EREME O 21T -7 2, 2o DNA 3k
% denaturing gradient gel electrophoresis (DGGE) {£%& VN CorBEfENT UT=, ZDFER, 5 D 1R,
VSR IR R D DNA B O Z R 22N TE T, BT, 2oL Y &
FHEEA AT AWM E B R T2 2 LA HMNE LT, BEXMOBRTZ2IToCNDEEZATH D,
235 3k

1) BHESR, A S J.Environ.Biotechnol., 4, (2) 87 (2005)

2) Gregory C, Philip P et al.: Appl. Environ. Microbiol., 66: 1175 (2000)

WFEBHIEES GRS v —
AR, (M) FRE X -t o 2 = EROZFENZE L L TEm LT,
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439 RGNS A< ANE DT RVF —AFENTR
Research and Development of Energy Production from Woody Biomass
2 B R
Nobuyuki ENDO and Yoshikazu TANAKA

INAF < AGTUL, ALAREFETRORZREL CRHIH 52T bR FHEH 23 JH| T | sEEATE D
B X —LU TSN TS, FRHICKE R A A~ AL, BREEFHA LW EIR T, W E L TK
N E SO LN ETIHREEZREF THD, LnL, Hik Tk
AREFRAAF < AD TRV X —CITEHERBEL TR E LRI A
THLAMIIT TR B BRI 22K FHEME DN VAL - T a— )L
S DI B 2R KD O TS, BURDEHT TR
A~ A% G RT DT AT DR LX =N RKEL, REAN
HREN, ZI T RAF—FAEN D BREAMO/NSWE
WAL > T REAA T AL T RV — W E & & 23R
HPETDHILE BRE LI R 2 E i L TWD, ABFZE T, £,
BRI EDR I NEDNRAF R )— VEFEEZBIEL, A D E
oy ChoheNa—R VT = B, BPEAL T DRE N B RO K iy -

MIBFITE IR LTl s e HiAfi 7l & AV, BUSOERWAE R | EF

A~ AEIRS K, B30 2 M BOG D R LA 5L

BEML TS, -, TR R — 1 5 CAEY RS LTS

S DRTUERVE DR L | RILBE DX ) — VAR RE CAVEEIIC LB CED U AT ADOREEEZITV, B
DEhFEbE BIEL Q0D

WHERRTERS MBI N —T
AR, () FHRET R LF—MEt o 2 = E R OZFENZE L L TEMm L7,

4.3.10. FR{b R ONIRITIZ K B el & A B A
Useful Substances Production by Photo-Chemical Reduction of CO2
R
Nobuyuki ENDO

B2 L A BN = LR — IO KA K TR L THY . RO BB (LA OB I Lo THEHS
NB B LR DB~ BN K XA L 72 TS, (LR IRE SO BN FEHED B Chs78. A
FEIZBAETOHEDOVITEL, ER Tho ThHERELFLIZ7) — =% /L
F—DORBNLENTND, ZOIHREE=—X DI O T, HERIEDE
(LB L L CHE B A8 LA TS B LR R (L L . R
LTI OB & IS SCRITL A 7RG 25 Ha LCRI A 3 B A B R 0
WA £ LT, — LR E OIS RARIIL . L% — 3 545 /)
INEFTAZETREAMMENI) — o R R X — L U TAET LR
K232, ARFE CIE 2l C S O (LR A HL 2 A B T L ClEa 2
MuA B L7 RF 2 B S6 4175, AR, BERC AT TR 055
FRFE72 1 SO M (0T DU T L MO EEME (W2 5603 B oM ) &
BT L AR5 U7 i B D I B S S A3 2 . RGP B\ 49 - 282 B L C
VBHERSAICTBILA TR, TOILARL “RLBRAE ST o500 i N —_—
PR T, £in, RSB S AT i FELL Tl A e X ETAT RS
BERIFAL LT EE R L ook 5, ZOFEEANEET o, B HOTEIsRE
ST b S TR 1R b B BN IE VDD AR L C . G EAR BRI e (R
(o i A B - B O P A 4R,

WHIEBRTERS MBI N —T
AR, () FRET VX —M5Et o 2 =@ ROZFENIZE L L CTEMm LT,
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4.3.11. WF L EZ R TE ORI AR Z D Pl b 2 b
Changes in Antioxidative Activity of Rutin Solution by Chemical Interaction with Protein.
SEHLIUBRAE | i 2
Rie AWATSUHARA and Nobuyuki ENDO

L. =

VoNE, BB E O EBEREZA T LT V(X — 122 S E0M— DB THHI LMD, R
FMELTOMFERE N, B/LT VRSO TR0 HEL, ZO i &L EIMERIZHL0, VT &
BEEDDHIEIZEDY NI O SVE 5 L OREREME ~ DB IR IR G 3%\, V3Bl O B T rd
RAF R E OBFEO M BRSNS, Fox 1L, TOM TERICEZVIDEILEL T AT X RIE
O BEAERCHE B U, BEEH O E WY SO L4442 R 22 BEL T L F UAIART LT
(OVA)ET T BEFLTE 22 37 (WP OIMBVE A AT T VBt e L G . 20 LA BE I X
LEE L OB b E BRIz,

1. ik

AEtEL T VT e F o (K —1b) , OVA, WPL, BZF D%
BRIE B LN L F b LT A EFNC O KX _BEHINZT
TNENU T2 188 2 O - o BUBHRIR D~V A2 50 TV BIE M D FE
ik, 7MEEMD—FE AAPH 2T VR AFNT AV, BRFE41E b
THRELIZANAT T TUNNE N ) — LSRR TR T 5 51
(AAPH-CLE)YZ A=, R L L (OH 79 V) I EIEMED
FHML, FEANC = AbEY CYPMPO, OH VLR AIREL T

R K KSR IS R 2 W2 AR b7y 7 BSR 14 21T o7z, ARE o ch,

NF e B RIB DSBS VAR a~ T T 4 —% AW T o o o

MR LTz, AL A B O T, IR A - INEAET 1% ORI DWW T ’ 6

A LSRRI AL MV AR E L CE b AR LT, OH OH |° 7
b) R=H

M. fEREEE

AAPH-CL ¥EIZXAMIE TIL, WPl O~V AR T B NAAEIRIE ML . .
LI LD AT WP RARE COSb IR o g | T
BDHIT, OVA bV F L EDIREITEY  HMEE L0 S MY m <
IR BT LRSI, — HAE RN Tw T ESR HEIZELD OH T A VAR MR E CTld, VTS @E RS
PEITRRD DAL T3, WPL IRG D& CORERNEDROONT, DFED NF U ERET DX NI'E
OFEFEIC KO LRE A I T 27 VN B0 ZOMEL (LT HZEERIBLTND,
TNAWIa~ T T 74— TCHEIRGRB DS FEOMESHT T 5L, OVA BEOWPL EBITVF BN ED
F7 TALDIREDBO BT, 2, VT2 -OVA BLUOVLT 2 -WPI {BA RO Al ERSMRI I A7 ML
X, ENENHEIEEL O B A AT ML L3R ARG D B2 D E ~EEEL THDZ eV LT,
WNF DT VA ThHHT VBT CHIRBEDBE DR ALN T2 n, — O I VT A 23 B
HLTWAZENRFRDLINT, L THEHEIR X RV (BT TF ) VT ARG LTSS Tl & 1k
BLOWEBLEEDOA B0 ENRD N7, L EDOFERLD, LT 1T OVA BI O WP D XH72ER IR~
VR BEOEEEEZDHZECLY, PR LREZ 1) ES DI EMHEE IS, T ORI FEIFRITA % OGRS
THDHN, V7SR ST E MRS UNBIN T3 52 81%, VY B OBEESEEZ T EEXE52 8123 53
HZEITHBENTHD,

2235 Sk
1) S. Kitao, K. Fuiii et.al.: J. Food Sci. Tech. Res., 11, 318-323, (2005)
2) N. Endo, S. Oowada et. al: J. Clin. Biochem. Nutr., 45, 193-201, (2009)

PR IR BRYSRETR U R MRV —T
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4.3.12. FEAE L HG (ESR) 2 4 F| L 7= L [RIF5E
Report of Joint Researches Using Electron Spin Resonance Spectrometer
R
Nobuyuki ENDO

Y

AL SR (BSR) 3 {# 1%, 7V —T VDN ED R E 1%
FFofbFHli% | Fr A O RIRE IO T 52D TELENR
TPHEETHD, BB T FLX—iF%E ' #—|2I% X-band I
L Q-band FEIRAFITIN A, LU AEE | IREE P AL E 0L
filfi 2 DT 2 AR A T EEE R E SN TR (X —1) |
Bk 2 2B SRS TE D, BRIV —Wfsek 2 —T
I, 20 ESR (&% FWWF2EiE 8 OSL[RIF4E 2 a1 C
BY, Z2OHORFLELOILFRFIEIZHOWTHRE T2,

. B CERT DTV I FEOR T BT A2

BUE HAREN TR SHA~OB RS, Z<—HE2RW
TROLILTWRWA, A TIEZLOEMICH L THWON  M—1 FRE oL X —ifget, 22—
THEY, BN THIEK TS50 THATWD, RN OfH ICRRESN TS ESR 2EESME
1300 B L O A LD N0 | BERZ 21142 BN
DPDLR —HE VT (AT AOMESLIIRD HILTNDMN, BAEDEZATFELRN, WL OO B ClT v
BB SND L BRI IR ER TV —T P VS IREHREIRE L CTA R L, BSR & CHIE TEH2E
DHLNTEY VYo Z—TH WL OO L FRICKH L CRICBRS NI D2 L2 LML TD, BT
WZEENLD T T, 2O EFRIBEDLER TV =T TN y SRS T4 L. ESR IENATRE ThIVT
SRR BRI OFEAI IS I CE D, AL, B OB Y, IR LTy #t X BE RS (s cR RS
IVTODRRE DR E) L, #ERR )12 %L T ESR JHIE % 5
LA T 27V =T IV ERITE AT BT 21T O B A7
PERCLEEVEZ R L 7=, F70. SRR R S 2 th DO FEE~
IRAE LT EZIC2IRMICAERT D7) —FT AN FEIZ OV T
A7 L 2N RAT 23k T T, ATE DA RIS, 2R DR i A
IZHRILT 1~20kGy Oy #RPREZFREL ARk - FRE L= 7Y
—JVMNVE ESR CRIELIZEZA, BEHOTI—FU711 1 mT
I PR IEL % CIIMR BRI L7200 O S NI S =23,
I AN 130 7% TIER B IR E LRV R E T, R %L
ZRADIEEICEN LT, FlH Ly ATl Rk E  B—2 AT T LT 20kGy Oy #jE
L7255 (X —2) BRI L EICHFIET HIENHER T RE LR B DAL BSR1G 5
D, BRSNIZE BT IEFICEMET, E0XHe7)—F0%
NFEDAERLL TODDONDIEE L TITIEESR D o7, SBRBUAISIVOE BEMITL ., AT 27—V 1
FED[AE &2 BN 2k L CTITO T Thd,

AAFFEIL, B K FE S E O R CTEML,

Mn Mn

1L AN T AR 5 TEVERR SR FE O JIE B IZ B4 D ik 9E

B E 3 R 2RI L T AR L T8, =L — A RE DI FE TR B OTEMERR R LI
DR RO =BG T2 Bl T0D, ZHBIF LR WL A meB S bR shs—J7, B0
TR ELMEA~DEFEG T ZENMON TN D, IEVERRR TR I SOSTED m S HU S 23E< 2B RH
TOERCTHE DA 22 EFEMR 2B IHER TL R WG G2, —IRENZIITEPERE R O [ E E &1

UIFTEBHIE RS IR v —T
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FICHAIEAE WAL FROLBEOWIE , # R SRIC L8 R E O 2L EZ R EL TEMEL TWHDHH, Zhbo
FFEIT R MRS  TEVERR IR LW E LA BIHIL
TWBEALEZ D, £, fix OIEEBEEOILENTH
HINERFETHILIINEETH D, ESR BEEOR ITEHm  Mn Mn
IRIEVERR R A RINMICFEE R TS FIELELTERSN
TWD, LU DB EAE DS EHEC I E S Rt 0 8 5
D3EY BSR ¥EIX, AEMEH R B ~OR HIZH EViRFEL T

WIRWDRFENE ThD, ATFFE TR, Ml P9 CIE PR F 23 —>
R THIEREZSN TODIEREHHEESITOD23, BEfFD 1 mT

WV C IR MR B O FE RN CE T . B SV TR
CEANTRIC ESR FIE A EHL . [EVERR RO D L
LN THZIEAZ AL LT, REE XN ETITHE ]
FIDD7 N — EIEBEO M ~O BN % L7z, X3 HHEAIC 4-oxo-TEMP &L TR
BRI SRESEMIIC . — IR A A kT B I A B 5 L —EAMBOFEERT ESRAE5
TR MINTE RO BRI RE LU s o 7 A BRI & MR PN I A B D — B R A A IR M R R D
ESR &2 HTHF (R—3) . M0 A BRI L SHI O B Hole & S L, ZHUC D, — IR ZE A
VBRI B L, — RIAMFEA N BT DEFIDPIAEL . TOB 5T Lo TR A I CX 5 L2 B 570>
2Lz, ZOfE RA G Teim LRl ., sz 2,
ARRIEE . SO i b D3RR CE M LT,

I AREREI O PR L EEREM 2B 9~ D78

FRAL AR R TFE & OIFRETZ IR 5-L ., ORI OMENLIL A DHE T P08 R AW SHEHERT
BETHLIENMONTND, ZIVETITEE 2 72 T HEICE > TERL AR A& FERFEE L L CRH W DR e s
N5, BRALAR A% 5 E 23 LRI~ HY | &£
RN TIERAEDFRNITEN TN R 2 D720 | 8B REH
THFENRRDLNTND, AIFFE T, B{EAR 2%
IS N R B T b S A DN (=% KA N A == B [ R
BT 20 BT ME 2R FE LRI 92 TiAE e

HT i AU o, AT MIERENCIIFRF T 581
AV P ETEMRH IR S B e 5 2 oeN ks
—

I T DRHIEE BTV CYPMPOY %
THRRFET LTz, 5 N B L ONWENT BE O Mg 2L, 2mT
IR E ISR IR 21T H) 2 TR B LT U0
NDOFAJRELUTZ, ERaX S LTV VA AL ARRA T
&% CYPMPO THEX | ERT 2% CYPMPO-OH 74 Zhd
{75 (M—4)% ESR TRIELI., ZOFERIIBEFIEICH w4 cYPMPO-OH 7420 ESR (2 &
RTET, P ORERPER REFHIENTE,

DFERAEFLD | G SCE L TR R LIBHE = Y,

AAFZEIL, EFEEANDSBELEOLRFIEDO—ETHD,

235 ik
1) MR sefal, = AEB5 ESR BMEE, v a7 Ve — -7 =77 —7F K (1992)
2) Y. Nishinaka, H. Mori et al.: Life Sciences, 86, 808—-813 (2010)
3) M. Kamibayashi, S. Oowada et al.: Free Radic. Res., 40, 1166-1172 (2006)
4) N. Endo, S. Oowada et al.: J. Clin. Biochem. Nutr, 45, 193-201 (2009)
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4.4.1. 7 v FBEEMEIND DWE~ORM T v FEUAS &
Long—term Fluorine Uptake into Tooth from Fluoride—containing Materials
INAREE® 2, IUARTET*S, BB, BERTIEIR* Y, A

Hisanori KOMATSU, Hiroko YAMAMOTO, Keisuke YASUDA, Masaharu Nomachi and Yorihito SUGAYA
L #5

7y FEAMBE G T, MBS T v BEPBATL T v RREDS EAT 5 2 ER0EM pH MK
TDEMEIND 7 v BN LFAKIbLZRESE S Z L2k - T, EEEEOEITTHIME SN EE XD
NTCWD, AW TIE, BRBT RV F et o 7 —IC3%E ST 2 PIGE/PIXE #E 2 VT, %
7 v FZEAMEPDJEBEEE~D 7 v ROTUAR B EZRFT LT,

IL. BPEkE J71%

TyRGAMEIOEEEZNENE MEERICEREL, MRS Z ST X
INTIEERNCGING, JE K 150um (ZHFEEFRRE U 7=, PPRLEPHEE O~
v BIRE A %, PIGE/PIXE #E@E A AV, 7 vR Lo AREH| :
EWC LRI Uz, MR SBER I EAIE OV L Y LED 90%% |
R LT 2 bR - S & BUE L7, JIERIBISMERT (M) 25
tr 1000 x 1000 u m O#EPH (A, B) &L, A (=FA/NVE) HTIIAF
2, B (BFE) HCIImEICHRITZITo72 (BH).,

I RERKOEER

B T AZARPERAF LIRS 2 25 OFEEE (um) (T892 7 v FRIRE (ppm) SfizRmLiz, 4
BEER LMD 55, 3HMAKEHETO 7 v RIREDN DR, FRICMABNRhoTe, 7 vk
GAMEITH-TYH, 7y RWMVIAHLBIIKRERHENDH D Z ENHERTE 2, FFETIE, TM 2k
SETOMET, ZFANVEIY LT v HBMV AL EZR LTI, 2EMICHEING D7 v EDORGA
A, MEEORE TRHEZ L, BREDSEEL DI > TREME T 523, RI &SI TIHREOIKT
Do ieimnotz, ZOMEOHEIIARATHLN, 7 v RNEEICE BT D 2 & Xmmstz2 %5845
JERELS R DR E BB OND, RETOT7 vy RRBENEH N & LMBERENZ LDEL LD
PRI WP E S BRBETT & b0 L b,

FEHEE L & 1R & D7 v BROABRBELZ I L7203, %< OB, BRI T v BEMEML T
D, AL NGE bER S 7.
|\

ERALMBIN R 2 IR L T < O 7 vy REAMEDRTTIRS TV DD, £ OFANMEITMESL L T/
WORBLURTH D, AWFZET, PIGE/PIXE #E@EAZHWTT7 v EEHMENLOEE~D 7 v FEDELY
ABZRERTE, BICHEHOHELZAMIZ TE /2, 41%, PIGE/PIXE #EDIEMICL T, HITH
BHRAOMEZRET2 2 & C, 7y REAMEIOEY)Z2EBISELEO N /e & b b,

14000 . 14000 e —O—FE
Ivj—‘)( /VE%EE %ﬂ:gl‘nﬂl% —O0—FS
12000 | 12000 }

10000 r 10000 |

8000 | 8000

6000 6000

4000 4000 ¢

2000 2000 |

0

0

0 50 100 150 200 250
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FeRh, A RBORFR e B AR e R ABFTEIE, FPIE TR —bifE o — LAGBE T, K
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4.4.2 B 05 T HGELZ R LT AR FEA A OTRS J5 R L5340 DRl
Evaluation for Distributions of Implanted C ions by Nuclear Resonant Backscattering
FURFFE R, 22 HIEA T, AEERR
Mitsuo TOSAKI, Keisuke YASUDA and Ryoya ISHIGAMI

G|

St BEMRITIRFEA A AN LR (SIC) ZER L. B — 2o & W TRE &L OB S 2% )
BELTHET 5 Z SI2 &, HAKRSBA 4 ORS FRIOIRESAPNELEZ ML L, £ OFERVELREE
THZEHAMNET D, ZOENREZIEE LTl CRA TR R 2 s T 2,

. i

RFEEAEGTT ) a2 L LTHTO% T EEL T S N 5 B EEL ©— 7 OFEMARRITIC L 0 | 12
BIPNES D R IR E S AT A FTRETH D, ARG RREE VY av LICHBKGEE T2 & L0,
Z D2 OO E MM 5 Z & T, RS T ROEANA A PRI HIE O E M2 BGEE Lz,
PRI = RV X —WgE o H —CIRBA AU EARE 2B L, £7-ECTES 23 br—L LT
U 3y L ERO R HE AR LR 2 MR LT AFRIEOKGEE L,

1. FEERITUE -

ZOWIETIE, INFE THREKRFEO X 7 LNEE TR L7z RBS EBRTFEZICHT S U, BESA
FHIOSEER (RBS) 1d, MK 7 MLHEHERR T1T o7z, EET VX —iffe s ¥ — T, sk
WD E A A EAIC L DBl 2 R OB 2Bk L7z, St EIZRFER XY St DJE = 2l
MLUCHB LR REE 80nm IZSi/E5um, XTWN10u m? 2 FfEfEREHE) & Lz, £z Sikk
WUTIRFBA A A LTZRE (AT /LF—5MeV & 10MeV TRFEA A UEAN  ES T 5umMk
W 10 mIZHY) ZERR L7, 2B 0B 2 ANA 4 O+ & ISR Mg RLF—
4.8MeV : Y-fifE 10keV) %L Z &4, RBS A7 MV EICBll SN 5B —2 70 7 7 A V&7
WD Z & T, RS H MR DR FEIRE 254 L7,

I11. At am
W), kFE LG OLEEELSITICEH LT N —
2, VU ar Lo oOLEEEL G Ror
¥ — : 4.87TMeV, FHilE 8keV) BFIHTESHZ
ENGynolz, RFELOLBO T R ILF —

(4.8MeV) & HIT<, EFAINRIED B & :3% j

Elastic Backscattering p + Si/C/Si
"%Clpp)'*C resonance at 4.808 MeV
“Si(p.p)*°Si resonance at 4879 MeV 1

952 L% RBS A~ h ETEBIHTAZ LN T o
e (1), SEV, Si &2 RTHE () o) e |l
CHEH LA, BTERELHBTH LT o oo
VNV RS, REOPINIEE— 27728 RBS |k . a / ", A
TEEND, —J7, BT St TS & o W/ |
CHEB LT-SE. MEOREIT Si BT o8 e
HEBAIT LI D, LERST, 20 Si ¢ o Ty e
HEEE— 7 OF a7 7 A VE, DB Frem e

L7857 ES) TE.EAND (i) Z &1z b, -1 SiHEf IR KOS O S Al L

Z DR CTREM 22 FEBRIOMGEIL, BRI CTER L
7-RBCHER TE /2, L., REFEA AV EIFEA
L7z 7 st UCiE, pkiEE EBfkI (Bt
DRV EBT —2 IG5 TRy, EEET
TR C & 528, IREESAR OFHMIZI3AR ST D IEE
DIRDEENOFEMIR T B ETH D,

BN
1) M. Tosaki: J. Appl. Phys., 99, 034905, (2006)

7k (R#EE 80nm (2 Si/E 5um) I2X
5 NF T %L —4.95MeV OB D1% 77 HicEL %
7 Mb, FEAETE LT RBHERE S ORI
NE b — 7 & R D SilT L RIS o — 7 2B
b, HIE X VRO AR =R LF—4.86MeV
TIEE—Z 38R s i,

UK B PERALC R A 2 — FPHIERRREE =X MBS —T

ARWFFEIE

(M) FRB R —WfEt s 7 —BARERY BEREN TR R G ¥ — L ORFEETH D,
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4.4.3.TOF-ERDA I2&% Li b A D 551
Measurements of Li compound by mean of TOF-ERDA
HELE M 2 A
Shogo HIBI, Keisuke YASUDA
G
o FE N BRE = VX —F 58t 2 — TR 23 HE 8 AL T D FRAT IRp [ Y 581 S kR 1 B (H 7R
(TOF-ERDA) Y& H\WCUF U MEAE ORI EEAT o7, IR OBEEIMEL MbhEm ERANETH-

7LCO 2500 |

L V‘%_S 2000 | e He S
TOF-ERDA BB THESHOH N FIEDO1>ThD, BICFH g —
MNCIT AT HEDORIENATRETH D, ZOFEEIF T L4 20K B
RO S I IG UC o B30 FTREME A ST 5, A ], FEdER
EHELCHIIRDY B F 7 By AR A~ Ly MRS LU CHIE 24T -
7o TR T E510, 2 TORER T (Li,P,0) . ORI (H,C)
PRSI, & TR DILEN K -T2, MEO TNt RS D E 1 |
B %1757 R O 18 L ASFRE TH 5, 0 250 500

Time of flight

7;0 1000 1250
Z}%j{fﬁk Energy
1) K.Yasuda et al.: ¥ = /L¥ —WFge v ¥ —i Rlis (Eak L. VvmV)FUvLro
20 HFEE) TOF-ERDA xX~7 kv

USMTRAIIERT, ** BFEBR SRS X MBI =T AR () B PE = LR — b gE
=L B TR ZEAT ED LRI TE THD,
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4.4.4. REFTNAI=T LD~ LT
Elemental Mapping of Aluminum in Tea Leaf
FILPE—" mfEA T AT, ZEE
Yoichi HARUYAMA, Kiyoshi TAKAHASHI, Manabu SAITO and Keisuke YASUDA

Abstract
We have measured elemental distribution in a leaf of tea which is known as a hyper—accumulator of aluminum
using micro—beam PIXE with 2.5 MeV He ion. Elemental mapping of a tea leaf cross section shows that
aluminum accumulates considerably within a thin layer near upper side of a leaf. A strong elemental
correlation of aluminum and silicon distribution is observed adxial side mapping.
CE|
2.5MeV NI LAF U E Ve~ A 7mE — A PIXEIECY AR =0 MEFEEY) ThDHT ¥ /X OIEITE 1570
T E LT, TEECHEF SN AR EOWmHE CIxRmE LIS A= ARE R L TEEL TWADHD
EXVHIA L=, BEHOBENSIET A= ATV O NI I TEVVHE 2 > CODLZEN T2,

| €1

T /RII DML > THETHLT NI=Y LA EIREICEHEL TND, 7O ARV e B fllZs 71
ST ADNAIR=T X 22 —ZTHOIVTNDD, T /R ET NI ARRE T HEMFAC K EEET-T°L
VIR RAIMEE 2L > TS, IR TT AR = AN E ORI 2388« A 27k L COD O ERIIL ~ LT
2T D LT A BLOBLE D DB HLR R, FHHE = 0L — st 2 — D~ At — AEEE X 22 ]
SYERET 2um x 2um FREHY, MifamOILR oA NEIIL O RN B D, FaIx, ~ITAE—LE N
fe~vA7mE— A PIXE # VT, REFOT A=y ME G bt OO AAEET HILIZUiz, REICEE
L, NI LE—A PIXE CHIE CEAILRIIVT AL TNV H AT ETOILFE THDLN, Z2TIE, 7
NI= A, PVay, BV, T MO TER G LD FE BN DUV TR BRI E Ok R aik <5,

1. SR LR R

BE NI T S FROE WA B FEOEWEZ IS T D72 O IR ZEMZE ST el ) il fl 22
HEL T2V, B Tb 17 A BREEDOMRE CATEZ I LTz, FIRFIZE AROKPEER 21TV, 2656
FOKBEBAAEIRF S — B Z &I+ IR ETEZ BRI U T2, Wi 4340 OIE I A TE 2 B, B R Lo D% )8
S 1 mm BREOWEIZEIVHLIZLO, Kl AMAIITHEAE RIS ELEDOEET —R IR T 728
Dz LT, PIEITHWEE — AT 2.5MeV O AE — AT, B — AT A XLLFO 10 um &L,
FRHERENCT 7 — %47z 6 um ~ A7 — Rz E LIz,

DU, BHREEEE S 7= 2R BE O W ) E 45 Rl DU Tl BLUZR 5, Wit o A #PH I 400pum x 400pm &L
7o, E—LERITR B LZ 100 pA FRETHY, 1 V27024720 30 35 1 R ORERE &L=,

LR D ZEM AN IFFOINTE X BRANRT NVIHERREE DO — NN T TRT-b D Th D, LIzn-T,
P X FREHIE) X RO KBTI TE TR, LOLZRNE, itk X FRO D7 MIHIE) X 1o 3 (ERREDHY, 28R
AT BT RIELWEHIEITES, Fig. 1 75 Fig. 4 IZEOWIRIOT VI=U L, U3y, BVT LN, L
LDILHR AT, KD F DA — L XA U Rk L TVD, B — AL 400um % 256 23 EILCTlY,
FRE B OREREIIE — 20 A 2D 10 pm KB ~1.6um FEE L7 > TD, LT=3 > T, & MRE I A VICE
20ELSTND, — BT EDAT N D RN, KT 4 85 % AL TIE 400pum % 128 /3 EIL 726 D& 7R
LTW5, ZOKT— Y4720 KT 30 UV MEEETH D, OA _ENEDZRAANIHIET 2, M OIEDWT
i, EEosFITkE, REMAE (), MR WML D72 D HE ATRELAR, AHIRAR R & v Rk
MNCITHERE o, AN (5], 7F7T@L72D, 7F 7T RBIZEITIHNS/R58 0T X BN CIIBLZENT
7, FERIRDY A XL Fig.3 DAHVT LD AANBHEL TE, EE(HUEE 300 pm ThHDH, Fig. 1DTLI=
LRFig. 203V TRA TWAE G NR M THD, TAI=D AT VAT TR EMBIZE R L ToH
L TWADN R TEND, FMDFELZHROESIZIZDITLHES i OIE 20~30pum FLE THD, —77, Fig.3
WORLIE AT WET A= D72 ER AR L TSI TR E N EWIIC R 2503, A EERHIE 2

RIS SLR A BRI AL PFSER R = L X  — T
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(ZHAL TG, £, BORBMIEIHE TS WIRE S 2R L TODZE8 TS, JEEOR M
MRS R Z 2703, BEOHE LA LR NRR7ZE b, Fig. 4 (RSN LT L6 D AR,
ERRIZHMLTERY, REMRATORLEmWIRE S MZRLTWD, LinL, BUTLEZRRY, FEHFITRED

BEWAR Y NRFEIR 23805, ARy hOH AT 10~20um TH D, FFEDOHIIE THS Al H

EMED S E TEZRDY,

BEWNENZ RA DN 2T DOAR y NE, FEREDOHENOHEE R THLEHERIESND,
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TNR= LEN 3 DL AR BMUE > TODDIE Fig. 1 & Fig. 20 BB LFHRCTELN, EEMITH
BRDT-OITFIBIR A RO 7=, FBIREIT, TTHE X OF LGOI T U e, X EERTEE, X LY OFBEF

¥ Cyw %
— z XIJY'J
T Xy
LLTRODTZ, ROTAEMRE AR 1 IORT, TAI=g L Vay, AUT A, I AEOMBEGREIX0.73,

0.43, 0.17 THY, TNAI=0 LV BIOMHBEDOEEMA 25, TIAI=U LDOZEM AT NI= -
S FABERIRIE T AR = ADO AR ESC BT O 7 0B A OWTHT- 2 R A2 52 55D ThH o,

# 1.JuF# A OFHBEFR AL

Si K Ca
Al 0.73 0.43 0.17
Si - 0.42 0.22
K - - 0.35

A%, EBREOEN, THE AKBHI LD ITTHR DM OENZ LVFEMIZT <5 Lt

Z, FERAICIZRE ~ 17

bt —2 PIXE <2 PIGE % W CHiiE i U753k Cld7el, ﬁiﬁgnﬁ*ﬂ'é’ﬁﬁb\fiﬁﬁﬁ%ﬁ/,ﬁljﬂi%uit;fé%ﬁf

02,
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4.4.5. AFAENZLDER A 4Rl A OEKURHEO S B
Improvement of magnetic properties of Fe—Pt magnetic thin films by ion implantation
FFREERR !
Ryoya ISHIGAMI
Abstract
Magnetic properties of Fe—Pt thin film are improved by means of ion implantation of carbon and/or nitrogen ions
into multi-layer Fe/Pt films and postannealing. The multi-layer films are deposited on silicon wafers with oxidized
layers. Thicknesses of the Fe/Pt double layers are 6 nm or 4 nm, and the number of the double layers are 17 or
25, respectively. Total thickness of the Fe/Pt films is 100 nm, and composition of the films is Fe:Pt=2:1. 50 keV
C" or 120 keV N," ions are implanted. Heating conditions of the samples during the implantations are no heating
(less than 90°C), 200°C or 300°C. The samples into which the C ions are implanted have magnetic anisotropy in
the direction perpendicular to the sample surfaces by heating due to the ion implantation. The ion implantation of
nitrogen makes coercivity in the directions parallel and perpendicular to the sample surfaces larger.
LK)
Fe/Pt @RI IRFE ITEREAT L FEALBVLET 5281200 | Fe-Pt REER A OBRFFEDH R AT
2. Fe/Pt 2@, £MIICRALEZ TR LT Si vz — BIC/ERIENT-, Fe/Pt “HEEO/EXIE 6 nm X 4
nm C, ZHEEOBIKUEIE 17 [B1FE721F 25 [F1E LT, Fe/Pt ZEBEOEXT4) 100 nm T, ZEREEKIZET
% Fe & Pt OFKEEIL 2:1 THo7z, 50 keV D CAF L XIE 120 keV D N, A4 L M EASITZ, TEARFOE
OB IINEEL (90°CLLT) | 200°C i 300°CE LTz, CAA > DIEANTIE, AA UV EACLDMED T
D3NV FEE B T M ~ORBER I T ENTN T, N A4 O N TIN5 [\ & TEE 7 17 0 i 7 [~ D%
W1 DDA C T,

L. i

58 17 R K ARG A 1. RIS ORI EEERAT 4T . MEMS (micro electro-mechanical systems)&FEIENS
MW INE TSR T OMR T VT ax—F Rt —F~DIE APEIFRFSIL TS, BIFEIX Nd-Fe-B &K
INBEA D3 b iR ) THHN, TR Lo EREICIT W PERE DB AMERIS TV A T2 | SHITHRVVEE
FAEVERTHINOT 7 a—F O FIERLETH D, $HE A BT BT HEEENIE T IR EERE
nm ORI Th> THNN—RBMEEZFRBLCEAT-0 , fafif b DO REWERE T ) A—MLAT— L TCIRE T 5T
ECIRIE ) LR BB RAL IS EB T RE VKA DMERLICE D EMIFFSIL TN, FTo, FERITRER IR D35
B CEHETHEINTND, TOT-DEAEESITINETITEA RS, (ERUEE | fLAL, IRINTTH IR T
TERLS B S A E N E S Cnd,

ZZTIFESHKI 100 nm @ Fe/Pt Z @A alkble L, IEBIBILFE THD C UINEZAA L FEATHIETHR
itk A LSS5 EBRE{ T2,

1. e

PR AR (21, MBI A TR LT Si v = n—% V2, Fe/Pt 2@ BT HAR IR % 100°CIT R~ CThk,
JELT-, BB — LK E Z T Fe & Pt A BT L=, Fe/Pt —HEBODIEXIE6 nm £7/21%4 nm &L,
A 17 [AIFE0E 25 ARV LT, Fe & Pt OFLEELIE 2:1 £ U7, 72721, Fe/Pt 2@ IEO AFERTIZ ., JRO %
FHMEZ R L& 5728, 600°CT Pt & 10 nm RKEL7Z, BIET =2 R —O KRB ZZ[E X 2X107° Pa Tholz,
VRS 7= Fe/Pt 2 @D EMeJZE ST, SEM ICLAMRBLEL) D, W7 97 nm Th-o7-,

50 keV @ C'F721% 120 keV @D N, 78 Fe/Pt Z @I IEASIZ, TEARIL 7X 10, 2.5 X 10" £721% 4.5 X
107 atoms/cm?® & LT, TEASNI-AF L DL BT —I125 4 LT-EE . C BIOY N O LIZENE R
9.2%, 26% % VN 39%&72%, FEARFOFUELOINELSA: 1L, MEEL (90°C LLT) | 200°C XX 300°CE LT, #UEHR
FEIE, BB [ B L7 UG CHIE LTz, RS, 3B M ICREAE E 0.29 T O Sm-Co KA ZE X,
BRI ICE RN BD I LTz, A4 EASHIZRAEHE, R T 7T =— L EE XY, BT

EFFE B R R R — R L —
AWFZEIL, (W) FPE = xLX —ifge v 2 — B E /), dbkEE . BARR R BOZFENFFEE L THE
L7,
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550°C %7213 650°C T 15 S [EIEVILEE S L7z, ZOE O REEEZZE L 4 X107 Pa L FThoT-,
B OR AT AR BUBHEBNERIRE ) X0 ES N, 0% E e AT UL At A E
57 FREHI A7 KREXEL T 3 mm X 2 mm (ZYIWr Sz, T B REG 135 K 40 kOe TH D,

[1I. EXTITES
1. CAAVEN

CAA L DIENT Fe/Pt “HEOEESN 4 nm OFREHIH L TITb T, FEALTZREHT, BULELRT, 550°C
15 43 &Y 650°C 15 43 OEVILVERTZ IZE ATV AR AN AIE S 7z, BVILERRTIZIXIE EA L OFEA, (RiE )
TR T Mg A R UTZ 28, 300°C THE AR 2.5 X 107 atoms/cm?® DFREHIIRE 12 R Uiz, Ziud, 3k
NIREHE BB L QR T2 l2 DA A AR A I B RT  IRE N B -T2 s E 2 HN5,

ZOREHIBVLERE S | OB LI L CRES BB eAT VT A A 7R LTz, 650 COBMLERL (2331
HZDFEE  AAAEADI RN EA BN o T, INEIELCT7X 10 atoms/cm?> D C A4 &1FEALTZ
B O AT UL AR A ZF N E N —1(a) 3B L OIS, BB IM S BN 7R85 . fitih 2 Bt 4R
WAt CTHD, R FEHE AKE-F7 1), HARDTEE S M OERAT VAR THDH, ZIHD X5, (b) TIEAN-
CIEE THEEBALNZITIRT THY R 0 MW TR E S MO R IEE S [ IVEE RN A THHIN,
(a) CIELIRE D 5 DR BAL PR EL X XZIEFR T TH D, I KX —FEL, (b) Tldk I m L
EJFHTENZEN 90.4 k]/m® TN 65.8 k]/m® THDHMN, (@) TIEXZIEI 48.5 kJ/m® F OV 102.4 k]/m® &7 -
72o ZAUE, O)OFREHIFEHE TE S MAAL RS ChHLE2RL TN,

AT e — ML IR AREA DREAVIR Sy D J7 1012 28 95 FIEDS ML S VU, [F—m NI BE LAY 5 il
D BRI DM A TR T D TIEE L T L8R DN T v IR BBk & 720y BP0 H Al REE IR S D,

2. NAFUHEAN

N AA L DFEANIT Fe/Pt “HBDOEEXA 6 nm OREHIX L TITONTZ, A4 1EASIVTORWEREND
650 C DEVLERIZ 2331 T B /K7 1) S OV [EL 5 M) D PRIE I I3 E 0 E L 9.9 KR 8.0 kOe THAHDIZXIL,
ANED 7X10' atoms/cm?® DFREHE, ZNZFH 8.9~9.4 KN 9.4~10.0 kOe ThH-o7=, EAED 2.5X 107
atoms/cm® OFREHIK T I7 1), TE ST HEGITRBESI ML, T2 12.1~13.0 TV 12.4~13.6 kOe D
PRGN Z R LTS FEAEZ 4.5 X 10" atoms/cm? & T HELRES T L, £Z1 10.3~11.4 LT 10.5~
11.1 kOe &720) | FEBAL B LTz,

V. e

B — LI EICIOERIE - | A FerPt=2:1 TEE 100 nm @ Fe/Pt Z @ lRatBHI R 3 T2 FH4
AZAENETEHIMU CEVLEE 58T, FePt SRR A ORI A EA1To72, BB 2K AR
AEEWTIRRE TIRBAA L E I T 52 LT, BREHNZIDIEE LR/ ORI IR b 25 5t ASalophai K 5
[N DIEE G AT HEVIRE RGO, Fl2, EH% 2.5 X 10" atoms/cm?* AL 650°C CEULEE T2
TRy BB KSR FEE T A EBITREL ) A3,

Lo 300°C 2.5x10"" ions/cm? (a) - L 7x10" ions/cm? (b)
1.0 [650°C1543#% 1.0 [ 650°C154y#%
05 | 05
E 00 | E 00 |
05 05
-1.0 F -1.0
-1.5 -1.5
-40000  -20000 0 20000 4000 -40000  -20000 0 20000 40000
(Oe) (Oe)

—1 C Z1EAESNT- Fe/Pt Z B OB LEAT VL i}, ZHEh., (@FREHEE A 300 CICEEL T
C % 2.5X 10" jons/cm? TEAL7Z#EF, (b)INEE-$Z C & 7X 10" jons/cm? TEALTZ3ENCTH 5,
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4.4.6 K053 AT SRR AR RE A RO AR X MR AT S 0O BRI
Development of Portable X-ray Fluorescence Spectrometer with Radiography Function
Fa)— 8 —RL RRFajb— S G EE
Batchuluun CHULUUNBAATAR , Keisuke YASUDA and Mitsuhiro KAWAGOSHI
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I e AR AT REZ R R O HIE | E%ZobWi?ﬁ']ﬁ@f:&)blﬁf%igﬁéil&ﬁ%ﬁ@%ﬁf%jﬂtﬁﬁiﬁg@ﬁv\
Mricidf@ifize, BRMAAE D2 VT CHIE FTRE R, e/ E@E N RO LN, Tl X FRIEALR. Mt
AT ARG DE T, ELORM a1 H 25 X iRk J:sgj‘nxn%% AT AT REZ 7R — /5?71»)(#%’\79?4* %
AELT,

I EEOREE

:r~5'7 JU X BT EL L, X SRR AR (Amptek B Mini—X), M 25 (Amptek 2 XR-100CR) |, X #figs
Fi 51 27 (Rad-Icon 8 Shad-0-Snap), ZNZND, 2 ha—F— EIRET —XINEH PC DIk E D, X R
DR DT DT ZNHDOEEBIFESA 2mm DAT L A —ANICRESINS, SR, RATERE I AT
—ODOEFNOMAGTHIICL, TH T H—E TVl 5 CTENET DI Uiz, BB IED & 25 0EHE LA
NBRICA L Z =100 I Ao F iR T BENBIW T EE T X AR ALV EIICL-,

111 ?x%@ﬁ‘*?’ﬁ

ORBREL T, B =FJERELEL CU UM U L HOE X TR T -T2, /IN1=0 X e G E.L
HaJ‘l: XRARTIVEI 1, 2 \ORT, ZOHRITEDFERNS, TATOERAGFE D ER Iy > HIR VEE G X AR E
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Research and Development of Novel Photofunctional Materials
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Spectrometric Analysis of Powdered Oxide Materials
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Thermoelectric Properties and Crystalline Structure of AgSbTe, Compounds
SRR | AR
Ken KUROSAKI and Masato SASASE
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Detailed TEM analysis of ion-induced carbon nanofibers grown at room temperature
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441180 F ACFRT I F 2 — 2 DEE BRI EAFE R BT 244 — AR 2 R
Effects of ion beam irradiation on the Fabrication and Performance of the Composite Electrodes
for Chemical Actuators
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Eiichi SHOJI and Masanori HATASHITA
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Development of the Polymer—Thin—Film Actuators
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4.4.13. IMEZFRGTT LD Pk R 2 o 7 T IR
Research on Swelling Behavior of lon Irradiation for Fuel Cladding in Fast Reactor
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Formation of Atomically Flat B~FeSi,/Si(100) Interface Using lon Beam Techniques
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4.4.15. Zo e 1 RIS A A L7z e R 72 (4 2EHm)
The Joint Research for Transmission Electron Microscopy (TEM)
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4.4.16. FERE 7 BAMBIA T A L7 L FAFZE CRFHm)
The Joint Research for Transmission Electron Microscopy (TEM)
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ZDTH  ZHET BaSi, D4 EREEHIE L. ATnﬁﬁMﬁﬁ@% I CIERHIICE TS, BaSi, IHOmEN
FIRNIHNAEFRZFHRIL CTRIEL T& 7z, UL, 2T RGEMIZR B0, ZOMEEY  ~T e fmic
n'-BaSi,/p=Si b RAEREZTEA T HIETHERL, M B 205 10 %24 B4 HERICERA T -7,

p'=Si(111) AR _EIZ n'-BaSi, % MBE 1L CTREAT DI, AmicfEisme/2b7 > F—7 BaSi, XL TH
%o LU, 7R —"7" BaSi, WEWGAIZIE, B TAVEENEVO N LS, £2C, T R—7 BaSiZ
)R A2 2 T, n'-BaSi,/ 7> N —7 BaSi,/p -Si # & & L L T2 &2 A, 7R —7" BaSi, DJEZ7S 1 nm D, &
TMEERMEOBEGEMENTE R L., B2, 0.1 V HINREDO M 2K HTY 0.1 Qem? &, -V RS W B R TED
AN FNAES LR O MEZ ER LT, F2, 2O F A FIJEE 0.3 um O BaSi, A o' me 2%
YRR L, R AL AR 1.5 mm FFECERmIC, Bl Al a2 Lz, ZORELO 53 SRR
INAT ABEAMEAT A IR CRME L7z, ZOR5 R, BaSi, OZEHIFE TV 1.25 eV e E»E»%H*? b E
DDEFENGHIL, ~T R EE N L CEROBY HUIZREI LTz, AT ABIEOENINEEH I/ IR 6]
EL. 2.3 eV DHAITHIL, 3V THEFZIZRIT 20 WZELTZ, ZOMEIL, SV ARYERTIIR KOET
H%,

BRI, HUE KT LS [ TEMELIZAFFE D —E Th D,

1. Z B 1 B2 =88 T /i s OREE 22 B M2 B 3 D P 4t

FEERIEEDS 10 nm A —F — O &8 T /FEdIE B DMRD TRINZ L7 DA U DR RS (21
IKFBEH A% BRI T 5, RO TIEETH D L) Zaad 720, il Bo ¥ — BA uﬂﬁ%‘f’\@EE
RRFZER L ATHONTND, —f%IZ, BT /TR R LS <M R 2 EE S, FIRLL EToEM
(BITIER Y 2T B e ERSILCND, —F . Fox OHATF R a  ETERLI-& BT /i ClT B 4T
IR BN R TGRSO DI LNy oTz, ZOXI BN L EMZ /R 7 ORFREL T, (LTDE M
ZHOMREE THAZ LR MBI N — 72 Z 812Nz He N T IV DIFENHER SN TWAD, B2 EMEED
BLEIX R THD, WAT R a B TIERLI- &R T /i f O L EAEIEZ O T 5280, /85
OYMEZEHI B L OEAICB W TS TEETH D,

AT IR 2 AETIER LU 7o & T /fG 8L CIE, MR ORI ~10 nm (2725 BRI BT LS

*HFZEBHIE, = RAX—BR I L—T
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6] E95, KR/ NSWZEIZED He HAOWFE BBKL ., fEsbbi OB Z2 ENERH Ed D% 2 5N5,
ZTT, ARFGETIE, SRR 10~25 nm DT /i A ERL, EEEIZRIZLY He N7 LD RI AT
N B ENE OB AR LT, T4 /HEiE T O He XTIV OBWIZ EME AT RD7-D12, HeDF-E
BB 21T o7,

ZORE R, SEEIRIAEN~10 nm OEAAYIZ L T2 BN ClE, K&EE~5 nm @ He N7V Sk AT ITIC %
AFAET DAE A 235 8 B 22 - LRS-, 300 °C, 1 hr EZ2REsi% OREHI B W TH, KREENE{LL
TR He ST AR LTz, — 05, BA R ENED S D EHPRI AR ~25 nm OFUEFTIE, KN
N —IZ He NXTVBIELEL TV, LIS T, RS TICIELE T D He X7 V0 il bL D22 B
WRAR T 52 E 2 D, £, FHEMBEER CIE, SORlSfA T (1050 C) 12D He D MRS
T2DIH T, He NT AT TR ENAFAET DI ENIREINT, AT /HE i O He /37 VD554 DRI BRITIR AT
THIENGDHST-DT, WAEFEIZRB W T, SRR Z I L 7-4 T /i db O FE LR R % 3266 T & CTh
Do

AHFFEIL KR F- LI F T HEM L AR O—E ThH D,

N1 ERERAFI R U= T /oG S sk & 2 i i oD A1) B - B F A

FEYR D B 5 2 - MBI MR T 22 [F) - D WE A LHH FAf ~ DB MO L E—D
HHE, BEPEASCOBORAEIZIY, ST (B E B2 D8 B2 FE o, BlG | BEESE I, T /f5 i
b, FEAEACIC KOS &G 2 FF D | =5 5 C M EERENE « MR- & 2 I L7 A BE R I Ch A L I RES D,

H21 FEEEIL, T A AZFPEFE LU TR S45C, BB L THi Cu Z W TEZEH(9.9X 107 Pa LL ) TE
VAT A AT EEEERBR AT\ TAAY RN LT Cu B A B CBIZ2UT-, BRI, 7T

AR PEVR LT R BR 2 T, BEBORE 2 0.02~0.5 m/s (5 (A7 [alfizH B 8~210 rpm) | fif B4 4.9

N~49.1 N, [H#zE[A%5% 1 rev~5000 rev O#iJH TELEH T Cu BEBARBREZT 172 o7, 7R DEE#E
FlX~ A7 0Aa—FICEBIE L, TAAZIZAR LT Cu B A5 IR 1 TOE 2B EE 3 L O TEMGE 1@ A & 1
PAMBINC L DBIE A T o7, SBIT, Cu BAEEA AR L= T A AV BEEGBR i L S45C B2 % VW CIlf R RE R
L BEAoY

ZOFER T AAT AR LT Cu BN EEE 7 102 T B 72 Wi i 0 STEM BB\ T, Cu BE Tl
KIEE 15~180 nm DF /b b L7 iRk 23 iR STz, F7-. S45C o0 Fm i<, & R EEEEDS 30
~50 nm OEHNRT ATHFR MBI ZR ST, SHITEDS THE~ v 7I2LD, 50~100 nm DY XD Fe hi+F
23 Cu BEROFIZIRAL TODONRDIoT, T 4 AY [RIHARISE 2 % 7 BRI OB 36 D, S45C 7+
AT DRI Fe R DEANIBEEL, D Fe i &5 ATE Cu BT AAZIZBAE LT, Cu BN AR LTzE
EZHND, £z, Cu EUMBEBET A AZIIBEL T, Cu BEBENAER T 258055, £kL7z Cu BERK
DM EEFERER CTlL, Cu BERO AR L CORWESEI TOEED S45C T 4 A7 LR TELSvA/VREREN
e, Cu B LAMEEREME LD RNH O, £2. Cu BERDOARK% Ag BEBEAAERSEDE,
SOIZ BAFIREERERE MG DAL,

ABFFEIE. It L m i MR L3R A TR L 72 7E D — 8 Th D,

IV. BB TANDAT AENEDOHFSE

AF RN, MBI T DR T E DOEZE(R 1% L O BPEET 22 ) OV T RhIC &~ T MR 51
DHTINF =% 52 O BFEDITLHELZMOIAT ZENTEXL AN THS, Thbb, FEEEL LA
B pllbic, FEBCEEREE TIRINES N2 RO F R B RS ND 2 LD MPEHE Atk 0 2% 1 &
Tat AL L THBRENTIETHS,

BT AL, SR MHEE, B SICB W TEN TR A R T IR E AR THY ., ZOHEKIL, B
TAR ORI RPTHEE DRI LE 2015, IEmBERBE N T SRR 2 R 2 e ST
O, MM EFEL TIEE SV, T— 7L a—F — D~y RNV ARG SHEFEL TEA ST D,

AL TIX, AA R AZAL RS A e R i & AL B & U TR IS A 3528 T @B T AE
L ~DAF AN LD R AL, L EMEIC G2 DB AT TR, &2 Ba SN
HZEEEMELT,

H21 4E 81T, IR E A ERR L . AF 2 HEAICED ZeNIAICu $BFOD 17 2250 S 12 LA %G it s 4
BB LN, AT EIZ B KT T IOV TRFTZIT 272, ZrNIAICu 4@ 77 A EHZ XL, Mg, P A4
EAEITO, B E T BMEITE S2IC LV R PTG A b2 Bl 22T L 012, B RrIE 2 iz VW T /1>
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T o E = WU NMRUIABRIRZATV, Yo 7 BB LZ Tl LTz, Fi T, EITHT i D5, RES L
f) s BF IR — A B DR SHICTF /AT o B —Z WU NP UIA R RBR ATV, Yo7 3R My
HOERFE, 5= X =728 O E R ZTT -7,

ZDFER . 200-300 keV D Mg BENP A AL BBEHNZ K> TIHGEAR D72 5~20 nmiBE DT /#EfhFE
T BN T2, ATHFIZ AR A A B L O 3 F — 12 XS T I fee—Zr,Cu E[RE ST, fod
RTINS T2 2 e n | R B LD RGN FE T DL Bk &S 76T — 07, IRINJLHED
HRIZHLDLN TN RNWEEBZLND, T /AT o H—% AW N LIA B 5Bk TR 57 fof EE— 22 1
RS L T RT3 . RIBEIATHI 80 GPa Tho7= VYo 7 SRITAF L O FRE BT ERfFIL THENL .
#14x10'° /em? DHRETIR X% 120 GPa lZEEL 7, & - BUMERE 21 L oNT M OB FE LR A R L 7= &2
B, X T HRIIAT L BEH AT P O RFE Y SRIZHBIL . R 2K 0.1 SO LYo 7 R ITK
50 %HERLT-,

ABFFEL, ALK - @B BHFTERT L LR/ T HREREL AT 72D — T,

V. UT T )7 F ) iR — )V ota BRRUT R 153636 KO /3 O RfEST.

F IR DBRE RSN D BB REMEA B ORISR E B S CTWDN, DO OHrEIL, (ERE0FHiEAE
BEPSEE O I ) BRSSO BRI N E IR Th D, 2O D F LI, FREL ~VTIEFEITH HR ok
THHD, EHERLO RS, BIEMEIBOHIR1H D720, T CTOMIEE L TH Ao TE TR,
AW CIE, YL EORESZTIRT <, KE o B LUV O 55 N F R FEICEY, 68, Bl o
IEREIZJR AL SV DI TAE— T SR B D ILELH O A XA DX+ T 7 28— a 154 B % - feSL
THIEE & BIEIZLT, ZORBIIEEIT o7z, SHIT, R EOT /H#EERO 25T, < w7 A | 2HL
DIAENT=T )T F IR DY AXRAFEIRE ST 72, 2D iEiwmzEMEL L, ENH0 =R ITIRIE S HT
D AIREME A RS,

ATAEFE L RIS 5~9 nm @ CuO F 7RI 2 ERLL, ZOIE 10 AT MV EFHAIL T, H2 1V4EFE T, br
££5nm LD CuO F 7R 123 L C, Cu WBEN AT MV I OWREN A —2 /YT T A e —2
FREE LE O RIRAKAFE AT A LT, 2D, X BNE A0 LA b T ki DX v 7728 —T=
O HMEERETLZ,

HA_EIZSRAER LT 2R AR, eI, X BREITE, X BOEE 0B L0 HWT, 20Xy
TRV —ariz{Tol, CuO F R0 X #ILE /0 EOEfE T, AT MLVEHHIPICY T I A e — 2758
FEDND T HZEE R UTZ, ZHE CuO 2NME e &322 Thh, X FRIBEHITLED CuO D& T2 FEIC T~
T-AER, CuO F 7RI +DFRME 1~2 nm MNEITLIIT CuO, (x<1) 725208, F JRi+DWEIL CuO THhHZL
Doyhot-, OFEY, CuO,/CuO a7 = /UiiEDF IR F-NAERTHIEN -7, IHIT, X BRI X
% CuO F 7R DB T, /L7 CuO DFFUTLRT, OO TUNINWIEN/RSNTZ, BAE, CuO &t
BSOS 272012, CuO,/CuO a7 ¥ = /LA D & 43 i RE G B - BRI 22 21T > T\ D,

ABFFEIE . HUHD L=l R &L [F TR L - E D — T D,

VI R ERIMER LT 5 2 DT i i AR B 12 i PERE AR REA B B %

Fe b T 2 AT AR E TR E AT NS ZADDNEEREM B L L THEHEN TV A, kT
Z DNFEREDRER LR DITH EWME L% kT DI ER THH03, RN IR AR E <0
BB L TOMIRRL K&, LL7en3 D, Bk T2 O ROGFEIRI TSRS D7 . AT SEAH
TORMEZ W ET HI20OFE A OARFDIRMNPITOIVTND, KUFZETIEERLT X2 N A AEABIANR
VBV TIRIZ I B EDO RSP IRINEAT, T /i LR BE R L D BIRZ SN LTz, EOFERNG,
F G EEIR T A2 TEMERRE LT 2 OB ELLOEE 2 HND,

H21 AEREEIE, 1) FEEIBFIEL L CL SUGTEAR Ry 2 TR XD B Dk S & R SR 7 & o 5D
S FEENE LML DN T, 2) BT — X BB E X IR T 2 E RO AT LI B W TE R THD N IR
IZh BN BRI FEIC G 2 DB SOV TRFT LT,

FOGHEAR R ZY IR K OVERLU 78R b T & L TR D AN BME FE LR 6 i 2 IS BT D5 S i &
UK T DI BRI T TR, FEARINBA 72 1 X B i R A I Lo TG TR L )
RNEALTHIEEBDIC LIz, XRD JIEXD, ZORKRIEH A& o F AR LT 42— BRI R EL K AF
FTHIEMBZZLND, £ T, ENENOREIZKT 257l A L LT, RimERE, ERGHEFEE JEPTR, X
YUTIRE  R—ABEE) | KPRy T2 RELBLEEITV, T ORGSO EE ML AR i, 36
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DR FIZL > THERET 2D TIIRL TNEND R R AT DI L2 MO LIz, 5%1%, BT E
T BB LR AT TE ThHD,

ABFFEL, LB R PR TEMELIZAFED—HTh D,

VIL 7~ B D S A A AR EE AT =X L AL

W PE DA ZEFREPPY L~ ORI EE A AU (EWHIERR T D (A 58) T A A -2 B 5>
W2 DT E Rk B RS, MIIZ BT DA A LU D OEE BT 5, REEIL, A4 LI DEER G ELT-E
MO HAINED H DR EFF ST DR A A DS S T IR BE R FF>, 8 & oy fRBE /8 40 £ T 3 1 TR
HiAEE (TEM) 2 W CREE RS A2 0 R TESZ Al AL 528 T MBS SE D A = X LE Y SHIT
EEZHE T2 ORBEIT, TOR OB L2208 ~DISHO AT REME 2~ T-,

H21 A IE, TEM & VT, 7L~ O 551 D3B8 - AU FIEEM 2 ME Lz, BARIZIE, /3
T~ R A [ E - SR L2 b D& L YR AAERL . ATV D RS ThD Si & O, DA
FaN A DT O S, (1) BY) R OJES, (2) MY i oy ta iz hub s st L,

FOFER . TEM 12X, 7L~ BEOMIABEZRE L L QOB ARAZ U D OB A ATHE THDHZEN LN
ST OO DS, (1) BEYH OESIE, 90~300 nm O CHREEZIT o728 5%, 150 nm A% D
JESPRR ISl ChhoTz, (2) YetalIr 7 = VB IZ L DB O CT+43 T, % O TEM BZIZH VB
HENED T E YA DML BT ) ST,

FRBE LIS 1o ZVEARA ALY T H DIV IR SN AN S 2 22813 TE Ao
770 JRREL T, (a) BHEBRLLFORULIMEIELZR) o7 (b) T A3 A B 215 8 L A S8 L T AR
BAT =V TR REMENE 2 BTz, 5% (b) DR RENEZR Bip s Te A B AT — Ofilaz VTt
THIVLENDHDHEE 2D,

DUIMPPER TR TIv I AR EDJFEIE L T HEIN TS, ATV IO ki 2B 53 5]
VR A DSOSV TRE R Z A B L0 B~ IS T2 " REMED B 2 B,

ABFIEIE, IR SR LR THEME L 7 IED — T TH D,

VII. 753875 FE - BAPR SR |- D A9 e ONliHE PN R 8 O BLEL BT O fe N7

BT, B B HE(LFRMKB B —L o7 8 DR NAR 3D | B 520 i S5 D A W A A Bk M OSRHESC 0 49 -7
EDOYTNEMEIORRRBEZ DO TR MPIEF ITHI 2 TRV, 41 T O RICI BNEEOEE L E
T ZERHFEEIND, —T5, BIA O JEM-3000F Tlx, V7 R ENO MRS CHIRFS A IRAE 3 K OB ST
FOEA T AMENIEF ICHELL, ZOE RIS ZDNDMEREZ T 22N TE AR, o, x0T —7
TIEAEDLY 7 NSRBI O BEABIZE DO T7= D OFEHE AL EIF IOV T, IEFITRATH D,

AL ClE BHRZICODEGENSEERETH O N ANTRE MG DBl TxoBim A E
TEAMEE JEM-2100TM JEOL f)Z T, A0V 7 bR B O BB O BEHERLE I T DB 1545
T,

AW O LR FETHY | FEHR TEHEBCH ORI, 72720, B B #E(L 7 R OWKB &
— L b [FIFSE T B BB E R K OB ZEZ AN IS D /U IR IOV TW D, 414, FEIHR
BHERL N OB IR 2 E 5T, FRBE BRSRBIECELREL Y, /U OBEBEITI TIE THD,

AWFFEL, fEFERFELILF TIMELTAFTED —E THD,
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| BT R F— S v S — R (PR 2 1R |

4.4.17. FRE T B AR L7 L RIBFIE. JAEAHR)
The Joint Research for Transmission Electron Microscopy (TEM)
FEEDRURE N
Masato SASASE

Y
ERVB T X — Gt H— IR E ST oy iR e B B - BE M EE A . B ARJR - IR B R R
BIJAEA)E D I [FIMFIE R A 35,

. AF 8 =% 5 E Al g
I BT X —EAL LV BENC LDV AR 8K ~D ) 4 @ FH /R

PR VAR B -FeSi, OFEA 1L Si L0H 58S, BN RIEZ A 355 2 DL, iEHREREE N CEifE
THEFTNSAZDHBULNHFESND, £/2 B -FeSi, 1%, Si &8 Fe)DIbA W FIC B S 1T ET 5T
FEOVRERREZIL, DO AMEA~OEEML DR NI END | BREEIRAMRER B L TEH SN TS, EHIZH
~FeSi, 1T ERPIMEEZ AL, BB EREI L L TORRLT | BVEM B KB E L, F ROk
LTHIERZHED TS,

AWFFE Tl A& T HEEE ORI Z RIBICRET T2 HEEL T A — AV E L= R %
LT R FIEA R R L BREEREE VAR (B —FeSi,) IR EDIERIF R 41T, SHIZT U ARITK
LT f T —EHAL L — LT 52T, @mEEE T IREZED s 25| RIS, 8
RPICT A —F — D& B FCHF A ERLL , A — sV as — (KRS S 2R AT REME A 1D,

H21 AEFE T, B8 IREE VA RO IR OIS 31 DA AV R IR DWW T BiR A E 1
W (TEMICE DB Z T OICRETE T o7, A4 E—20EIZID, 1) FEdtE B2 VAR
ROEIED AT REIZ 2oz, 2) BEPNIZ T /IO BUE AR A E A LT SOV TG 175,

Si(100)E5b_EIC 23 L% VR L= B-FeSi, miE i O IR EF 435, 1 keV Ne', 3 x 10%° ions/m? (2T
AR DA ZIVBLEAT ST A A8 — LA HZEFEIEIBSDINC LOERI L7, A2 S S AVBR S5 % Fc i
b 221280 FEAROFE A& O R EEE L RESHERDROERE O R MEQEASN A EY, $kk
ORI AL AR L TRt daPE D R A7 = 2% 2 /L B-FeSi, MR 7Y IBSD £ TrIHEER-
77

EHICZOERENTRT U E T p L — BEAF IR (320 MeV Au*")Nc XD BEPNICH R K A ARk LT=, Wr
I TEM #2055 A2l L= [ R R Bl SERIEAS 6 nm OF VIR TR EAL L TODBZENDND, ZOHE R
A P OE B O RN FEB LSS LA R LTS, FFEIR K a4z ik 26 8hi 35 1 Bh Al 2h B2 g
Sh, TR =R BEOREICIOHBREORIBEN AIRETH D, UL EOFERNL, A4 BEHZIVAETD
KBaAs, gk VP AR EBEOR LU E A N BEHLI LN oT,

1. IR R O FR SR (SR EAf T 0 BR3¢

TR —RL T a2 BT 52 LI Lo TR IR EHE 2 7 7 AP S AR E DB EE B LW
B NEOEE, BIOE RS EEECOBHERBE OB L RN TOZEITED  BREHADIR
ERHmEEEE T BINET 5,

L) BT 7 A(CeO) 2T, B R NX —h -2 T 52 LIk > THRIENE LT 5282 & 1 BK
BB IV E BT 5, @R &FIR COBREMMZITOZL T BER LOF— " —Fv 2L R
% e AL LSRG RHINE ORGSR TD, B e E R CORE LD I AAITH OISR Va I To R
BEIZOWTHRBRD KR AT o7,

ZORER, PREHEEE M E CeO, DETIy 7 AR (JESHK 0.3 u m) (KL T, H AF - 1A S0 B F A 0
MRS B 2 — D 20 MV Z2F AERER RSN D @=L X —EHA A (200MeV Au A7) % & R
BEL~UL? 1x10" jons/cm® B ORKN EFTHRELI-, BB = RLX—WEo #—I12B8WW T, %R
BB IR IEZ ZEAM 572 O 1 B2 BB LN T f i@ Seth 2 B BN LT, 512, Bl E 1T
2 VT, IREHEGRIREE, FrlOm = R — A4 BEF G 7B 5 (A4 b)) Rl LT,

RFFEERSRE T X —BAR L —T
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FPRIE = X =W FE e Z— Rl (K 21 4R

4.5.1. K SYHE CR AL IO SRR B S04 (VD)
Research on Hydrogen Purification System Containing Basic Test (VI)
R RAEE, A
Kenichi AMADA, Jinro NAGATOMO and Shigetada KOBAYASHI
I #5

%f%i%?‘lﬁiﬁ@?&%ﬁﬂb\T7k$*%§%i)§ﬁ26/w’7°U v FEMb ik (LR, Hy2s & 1) Z&EAIC,
FETHRET D Z ENBEIN TV DML KBEDO LMY T A extget LT, WERZHEH L TBRES
BERIN 25 Z LI R D KRR AR 551 (K2) 2fAET 25 HAYT, 2008 4REE £ TIZF M L 72 ZLaE
B HT . BREDBEOFEDKIDIE - JET) A A ZPRMEEICE T 5 a5 & B #hbifeiEds o
ATREME 2 R SRR A FE i L7, £z, AROBREHIZEICE T 5720 Hy2S ED /A 1y b HUHiER
DR - BT B e i L LT,

IL. %

Hy2S {EIZ BT D 5LiERBR Cldk, A FEEITA A U RO RHMM) T A Z S BHNTE MR~ A S8, ok
EPEREDS BN FR NI INNTRAE T A & g LA TE DIRE - BN A A o ZIRMSEIZ BT 2 P2 5F
s 272D DRERAEAT o 7o, WE - JENAA 7B LR AFRAERHITEMER OIRE Z T, 2ofE
T mOWAEREZ ) B S, IEMHRICHEAE ST T A Z WA S 2HBRICIRE & JE )25k - FIEIC L
CTHERFMICIEERZFAESE L2 HIETH L, R E U TIE, RIFE & FIERICTENE R 2 FEE L 7o W E BE I,
IR FEES R THE - T2 AKFE T AR FAAKRFZ NIRRT ZAZRBE LIe~V VLT AZRETA L L
T L. H A OAK IR ORFRI 22 2841 2 2 2 R (Ban) sk 245 2 Z &1 o TR SLrie et
2 NZEL T O R R A2 1572,

(1) ARIE bR DIREE £ A A o 7 YR mI B AR
10ppm O Z LIRS 2 A ffify & LC-75°C., #J 1000kPa (gage) TWk#F, —40°CE THIE., KK
JETRIENAE S DRE - JE) AL - ZHETIIR 24 (5 ORMEERE D iR STz,

(2) BALKFEOIREE JES) A A > 7 P RIS R
5 ppm DAtk 35 2 AV T-30°C, #J 1000kPa (gage) TWAE, 0°C. R&5UE THA SE DI -
JENAA » 7IETIE. K 32 5 OEMEMEREN S D v,

(3) BBk s T (R R
5 ppm DFfALAKFE Z FVT-30C, KR&JE~FKI 800 (gage) TWAE. 0°C. R&RJETHAESHED
BEE-JESIAA  73ETIR, K 18~28 5 DIRMEMEREDMS H LT,

A EIORER CITTEMER FRIE &N AR - BLE ORBICHT L TORNWO T, BRI NS OICHTZ &
ZONDH, R« [ENAA o 7IET O WS HRER T 6 I L2 20 FRREORMENRPE LN
e, FENEIFETH2ICEME L b0 LD, (X 3)

FTo, Hy2SYEIT K D31 1y MR OF%GE » eI B & Tl Hl O 7c OWEFEEIZE
T U 7o @ik 28 CEME (LUF, HISEYE) N CTHEPEL L, &R REZLU TOL I ICE DT,

(1) Hy2S ¥EKR OVHTSEJEIZ K /K E /ST T o MIBEFOM R REEZSEIC, bA U HITIEN

85000Nm3/hr & L. /A v MHELIE 1/10 (Z8E L 8500Nm3/hr & 975 Z L3 RE TH D,
(2) JRFHEd & ARFROHH OFEVICEA L, BV OBIH 2 2 3 2 515 ek (i & /K R0 OB
BREEEET, B KEDFER TR A A 47 (GTHTTR300) o 1S IEIZBET 2 Jef A/ & | Hy2S T 170m
TR TR B S —7 PR — BRI ACHEER, i TR

ARIFFEIL. () BB = 2L — WG 2 —D B R+ 1) BB FeAsE O = 3thF2e L L CE i
L7z,
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LUF, HTSE AT 140m LA FiZ72 % & PSS,
(3) TP L RFBRE H & OB (A X —T7 x4 R) OFGFHEE LTUTRETOND,
cJRFIF R~ DKFE, KFBRIERA~D Y F 7 LOBAT
- IR B FH O JF IR~ 0 B & U7 AR R B O K R BLE I~ D S8
o JEF-HPR B D K SRR B E R~ 0D B
- KBRS T | szmr: & RTIF R HIR O IR

SE SR 1) PHAF S T B HE R | T RE 7 K B RLEH A OB 3 - ~A TV RBYLRIE DB ¥ - ) B AR
J?%iﬁé%* Vol.50, No.10(2008)

AT [H,+H,S+50, + 2 0fty

o] L
ARFRAE R *#ﬁ‘&l/
JEany i A L AT 2
(E&ﬁﬁﬁ&a\zﬁf&bf’iﬁi)
WA/ ki
[El | HS
A |50,

50,

l R
P

HO

le— o, m

Aligt (L
Rt

I
s HS50;

o

TR

SO,BRUTES

[ AN 1)T Nakagiri, TKase, et al:Proo. IDONE =13, ICONE13—50147(2005)
{2)T Nakagiri, TKase, et al.: Proc.GLOBAL200S, 135{2005)

K1, ATV FEME ORISR B2, NAT VN FEYE AR 9 2 R AR B O

45
|
W L B %R RE -40°C. ZMIE 711000kPa., 9.76ppm
40 | H.s @O & ZFEAL R RIRARE-40°C., DIME 71700kPa, 9.76ppm
CO, HI0.e0A00L AA A ZEE R TR RE-40°C, H)HAE 51500kPa, 9.76ppm
© L B SRIR I RIE-40°C . HIRAIE 11200kPa. 9.76ppm

© ZE LR ERITRE40°C. HIME 111000kPa, 4.78ppm

K A ZEE BRI R -40°C. AIHIE /11000kPa, 98.8ppm
m] Py O Z B b % R AR E-40°C . FIHAME F11000kPa, 974ppm
. ® Bt KFIRAREOC, HIHIE F11000kPa, 4.80ppm
O BiALK IR R E-30°C, 4.80ppm
O ZEAE B RIRERE-65°C. 9.59ppm
© ZE LR RIRE-65°C. 486ppm
A ZEAERBRIFRET5°C. 486ppm
A ZEAERBRIFRE-T5°C. 99.9ppm
A ZEE BRI R E-75°C. 982ppm

35

30

o5

g |

0 1 2 3 4 5 6 7 8 9 10
R T B A FE 7. it AR B FE 7 (—)

XI3. IR - [EJIAA L TN EDIG MR EE 3T DA 7T AD Pk Bt S

62



FRIE T AN — e — iR (R 21 4R E)

4.5.2. KUEBRENVRIIE R — b S A I LD Bk
Heat Transport of Bubble-Actuated Circulating Heat Pipe (BACH)
SR K AR RVE R E], M A S0, R s
Shouji TOTTORI, Niro NAGAI, Toyoji ONISHI, Tomofumi IKEDA and Hideyuki MORI
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4.5.3. ALZFSUGE W B A 7 )L DB 5
Study on heat storage cycle system using chemical reaction
JSIE N E
Shouji TOTTORI and Hironao OGURA
Abstract
The possibility of chemical heat storage and heat transport system and the actual proof of the introductory
effect were tried by container model experiment and a case study in various heat sources for the purpose of
developing the chemical heat storage and the heat transport system. Since generation of cold heat was also
performed, it turned out that the big effect is acquired from an environmental side (carbon—dioxide emissions)
and a cost side in the process from heat storage to heat supply by using a chemical heat storage container.
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4.5.4. KEGEA T L —FI IS0 KRG A
The Research about Utilization of Solar Thermal Energy and the Solar Furnace
O ERE, K fE—
Tatsuo SHIGETA and Kenichi AMADA
Abstract
The research on the method of manufacturing the spongy iron by using “Solar furnace” with which the ultra high
temperature was produced by collecting clean and unlimitedly existing sunlight with the Fresnel lens and the
method of generating hydrogen from the sponge iron at any time was made to be advanced further. Additionally,
the examination of the device that invented the electrical energy by combining the solar furnace with Stirling
engine began.
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4.5.5. KIGEAT R /LX —F FIC KD B LR i 5 F LR H AT DR FE AR
Verification test of the element technology for design of heat exchanger using solar heat energy
KRG R YEIL A", RHE =, HE R
Takeshi OKUBO, Shigenari HORIE, Kenichi AMADA and Tatsuo SHIGETA
Abstract
The element test concerning the heat exchanger characteristic that utilized solar heat was carried out. In this
test, heat source was converged sunlight by using 10kW solar furnace, and amount of the heat exchange in the
heat exchanger and the temperature distribution in the tube of heat exchanger were measured. The result of
the simulation of the heat exchanger performance and the measurement result showed good correspondence.
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4.5.6. KEGRABREN AL =)o 7 2V S AT LD BSE
Development of Stirling Engine Generator System driven by Concentrating Solar Power
KHGE—, HHERE s
Kenichi AMADA, Tatsuo SHIGETA and Hideki I[TO
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Study on Marine Environment Monitoring System for Wakasa Bay Area

K, RS,
Kenichi AMADA and Hideki ITO

Abstract
Several numbers of nuclear power plants are generating electricity in Wakasa bay area. The plant
operating companies and local government agency are monitoring radioactivity in the environment.
In such monitoring activities, it is often pointed out that the monitoring in ocean is not speedy in
data acquisition in comparison with the ones on land. This study started to give a solution to the
problem in 2007 and will last until 2011. The study in 2008 made a detailed survey in eastern part
of the bay following the previous survey conducted over the bay in 2007. A computer analysis
methods and simulation model were also investigated based on the results obtained in the surveys.
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Study of sea radar on remote sensing method of ocean current at surrounding areas of Monju Site

K, G
Kenichi AMADA and Hideki ITO

Abstract
Feasibility and suitability of a remote-control and real-time observation for sea current by sea
radars was examined at "Shiraki sea area" including the surrounding areas of Monju Site.
The observation instruments of sea radar were set up at two sites of Kokonogi district and
Kaburaki district.
A continuous data of sea current was successfully collected by the sea radars from 11 December,
2009 to 15 January, 2010.
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Radiometric Skeletal Ages of the Snow Crab, Chionoecetes opilio
INEFER A i, AARFHEN?

Masahiro ONO, Toshi KON and Hideto SHIRAKI

Abstract

The exoskeletal ages of the snow crab, Chionoecetes opilio, from the latest molt to sampling were measured
radiometrically in the immature both sexes (instar V11-X), and the adult males (X1-XIII). The exoskeletal ages of each
instar VI1-X were in the range of 0.67-1.65 years without distinction of sex. Because the sampling season (15, May
2009) was thought to be as near as the molting season, the durations of each instar were estimated to be about one year
as reported previously. The duration of instar XI males was estimated to be one year as same as previous reports.
However, the duration of instar XII was estimated to be one year and half which was half year longer than previous
reports. It was clarified for the first time that the exoskeletal ages of the soft crabs (XI-XIII) which were called in the
market were shorter than 0.51 year, and the hard crabs (XI-XIII) were longer than 0.67-0.99 year after their molt
respectively.
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CO  FEAZEE
. 1. This 2. Existing Rreduction
Item Unit system system (1-2)
BARE Mcak | 174.502 174,502
; CO2ikHE kg/GO, | 29,711 60,917 -31,206 ( -51.2% )
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R~ D H R

H H N K SINEE
6/20 (+) 55 8 MIEFE TS RRs AGHERREL
~21(H) « WEFTHR A SOV JRIR - B— AT R EGIF R #4500 4
8/ 8(+) BHLLATZ = AH in ¥ F—AEFH 2009 NG
~ 9(H) « WFGERRI Y SOV IR - Pk ER = —J— #917000 44
8/ 9(4) YA = AT —/L K 2009 NIGF AR
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10/16 (%) SHNBREE T = 7 2009 IIE R
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10/22 (K) ekt iz T 7 2 7 =7 2009 A E R H
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4. 7. hs%F H

FPBE TN —WHgE o — s R R L2 LU IS ELD 2,

NV

4. 7. 1. REFEH(EAL:N)

A 4 5 6 7 8 9
AN 150 37 147 229 261 98
H 10 11 12 1 2 3 & F
N s 127 527 68 44 38 55 1,781
4. 7. 2. i EEMBFFRIL(CR) (BN )
A 4 5 6 7 8 9 10 11 12 1 2 3 | &
GE 24 17 48 51 73 83 45 33 123 57 29 40 623

X R A —b | R, ZHE (1, 2) WHE= (1,2, 3, 4),

ZikE (1, 2,3), #H=E(1,2,3)

4. 7. 3. Sy dEiE R e as O F AR (P15 550
AR 145 260 14

F A LERE RINER
BB B . 120 1 (46%)
LR E T E 19 4 ( 7%)
-DEREESATEE 0 114 14 (44%)
il 7R ( 3%)

FIHE OFTAE RIS N R
W 122 71 (47%) | B4k 138 4 (43%)

4. 7. 4. INEZEOFRA

GRSk

FILH BB ER

CREIERI - 242 BRRE (15%)
S TR ¢ 715 HER (44%)
CEHEAH ;0 673 FER (41%)

(ZOf---FRET 3% . 763 IKFfE)

2,393 HFfH] (R FBHEU R 5 (85 & T) ORI HIRFTH])

108




5. NBARE &

5. 1. FmFF
SRR 2 1A ORF R SCE, B T36 R Th o7,

IR V—T A 12 1
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