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Safe Operation of Electric Motorized Crawler and Designing for Laser Peeling Boxes
g JER B A
Eisuke MINEHARA
Abstract

The electric motorized crawler have been developed to realize safe operation for the laser beam machining in
the field, and the laser peeling boxes has been designed to construct for in—house paint film peeling applications
in the factories, decontamination ones inside the nuclear power plants and others in the world.
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Development of Laser Cutting of Thick Steel with 30 kW Fiber Laser
o (LR — | AR
Shin’ ichi TOYAMA and Ryoya [SHIGAMI
Abstract

The development of laser cutting for thick steel plates was continued using 30 kW fiber laser. The cutting
experiment for the real equipment in nuclear facility was carried out after the optimization of the laser cutting
parameters, and the remote control technique was developed out for the laser cutting system.
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Acquisition and Investigation into the Migration Data of the Particulate Matters Produced by
Laser Cutting Method and Plasma Cutting Method
RS ZE L RIS BRI AR ER I SRR IR — R 22k R s EE
Hiroki IWAI, Hirokazu HAYASHI, Goro SOEJIMA, Yasuyuki NAKAMURA, Nobuyuki ENDO,
Ryuichiro YAMAGISHI, Kazufumi YASUNAGA, and Tatsuo SHIGETA

Abstract

For comparing the migration behaviors of the particulate matters and dross produced by two kinds of thermal
cutting methods which are Laser and Plasma in the open air and the underwater, we performed the investigation
by the cutting test by using Laser and Plasma cutting methods. The amount of the migrated particulate matters
and these properties were acquired.
LK)

L — O Tk e 77X~ 7 — 7 Gl TiEO I TIEEEOEFEWIZLY, KR SIRr-oK R e a1 7o 72 BRI
FAETHRR AR PR E D282 3572012 2 E D TIETUIMEAT S TCER ORI E O
HEEA~OBAT R, BITHEL OENLOMIRFEIRDL T — 2 ORS -FAEEITo7,

=

INFETIZTTA~T — 79Il mEAKY =y MIEERER, L — OB 2T g L7k 78R
W ChHOK YOI T T BRSO E BT R O W& FEhE L Tz, Rk 27 21X, X 1
VR RIE A T, L — 8l K O T X< Bl 2 FFEO B2 W TIEIC L D5 B e Ok H g
WraAT -7z, ZDOBRIHEAT DR R EE&RE KL IRWE ORI 7547l E . EPMA, SEM, TEM, ICP-MS,
ICP-AES & HW = 24T\, 2 FEEO U TIEOKH AT T — 2 %5 i LTz,

. AR OEEL

H AR W SC R B T 5 A T O — Bl S E K N T X~ T —2
)W 2 ) L7 Uik BR 21T o 7o % . F8 = L X —ift e Z —Frg O
TR E DR KR J O | TR E T O B & RS54, K
I 7 — 7RO EZAT T2, 2, EPMA ZHWe 2 IRoTeHR~ve 7|
SEM. TEM Z 7= ME&EE#I2E | ICP-MS, ICP-AES Z W= Tt EZ S5 &21T-
7o ERFERELLTITRT,

T =TI, IR~ T — 7GR 8.7 mm, L— P EIEr TR 2.5 mm SHES

L =N T XA~ 8D 3 5300 1 LR Chd,

R E R, [FCUIRSAE T, SS400 23549 0.8 g/m. SUS304 23 1.7 g/m

(2 [BISEH4)) LHIESHU, SS400 1% SUS304 DK%y ThHD, '

BT L7 BB EHI A B LT R e R &L, 7T X~ 7 — 78I ¢ 350 g/m, L 1 K T B A A

— O THI 26 g/m L7220 L—F I D 503 —Hib 7w,

BT 4V E TIPSR IR L TEM &2 W TEIE 5L 2 DIHIC

BRI THHZEMNMEREIL, R EH3K nm 2>5 100 nm DFIFHIZ /34 L TUD,

. f=

AFHAENZLY, PR CORBRIRMEIZ R REL T, TIRX~T—2 L—
PO TIEIC LD, KPR ICBI DR P BITT — 2 S0 8h % il T
LT —BERAETHIENTE, (ST AITIE, ABIBRDT — XL FIEED D 9 ST 4 NHCTHEE
TETHD, SNTRL T TEM 4

*(EIT) BAER - JIRF 250 FE A - 74P B I HY T JEBR T o 2 — (ST A) - BUITBRFE - BT BRIE AL, *2 () B BB = L ¥ — W Je &
B — WFJEBHFE S - A IRATIE 2 P () 0 = 3L — R FE e o 2 — - WP JEBA T - L —H — BIR BRIE = ™ (AR #R =oxL6 —
e & — BRZEPHIEIR - = R —FP B L —

ABFFEIE, (D350 BRIE = R — W 5E e 2 — 23 () A AR T FE B RS OB B A L TEMELIZb O TH D,

9



e = L — W% e X — R CE Rk 27 4]

2.1.1.4
W F ) THEIC L DERER B DL — - — B G52 O 581 52
In—situ Observation of a Variety of Steels Under Laser Irradiation
[pEeh S
Shigeru NISHIO
Abstract

Optical responses of a variety of steels under laser irradiation were collected to put them to use in developing
the algorithm which nonempirically optimizes laser—processing parameters.
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2.1.1.5
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Detailed Study on the Laser Irradiation Traces Formed on Non—ferrous Metals
[pEeh S
Shigeru NISHIO
Abstract

This study was performed for deeper understanding of laser—processing of non—ferrous metals through non—
contact analysis of their laser irradiation traces and in—situ observation of heat transport properties of two—
dimensional pack of metal particles in various packing configurations.
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2.1.2. BENT BEPE TRIL O OULLE - FBE - S5 At L AT D B 6

2.1.2.1
JR- )3T 70 — R R A
Research Study on the Recycle Use of the Concrete Waste Caused by Decommissioning
"
Yoshihiko SHINODA
Abstract

Since FY 2015, we have examined the recycle use of the concrete waste caused by decommissioning of the
nuclear power plants.
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TAZ 7 NVRERRY 2T v a=0 7 PR
Preliminary Re—conditioning Test of the Bituminization for Radioactive Wastes
I BRI RS KA 2 R R W HLR, R 2 KR,
Goro SOE]JIMA, Hiroaki TAKIYA, Hiroyuki MIZUI, Yoshihiko FUJITA, Eisaku AKARI, Nubuyuki ENDO and
Kyo KUME

Abstract

We have performed the preliminary re—conditioning test of the bituminization for radioactive wastes as a part
of study to apply them to the technical criteria by non—radioactive samples. As a result, we have confirmed the
applicability to secure homogeneity that is a part of the technical criteria by evaluating sample properties.
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2.1.2.3
BEAMF 2 = H b AR Ge oy e il oo BR & 32 AL,
Developmental Works for the Radioactive Cesium Chloride Separation and Decontamination
g JER B A
Eisuke MINEHARA
Abstract

The rotary kiln incinerators of cement manufacturing factories are designed to separate, and to remove by
distilling alkali metal chlorides (clinker dust at low temperature) vapor from other cement raw materials. [t was
considered to apply the cement rotary kiln incinerators in Japan to separate the radioactive cesium chloride and
to reduce volume of radioisotope contaminated raw materials in Fukushima.
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2.1.3. R EHRIEAT D BR %S
2.1.3.1

W AT I 22 BUR M B 53 AR DO FERIE,
Unfolding Calculation for Aerial Radiation Monitoring Data
e L JORAR™ ) RBIGR™, IS et L HiAES, mHsE, SEEE
Takushi TAKATA, Kyo KUME, Nobuo OTANI, Takashi HASEGAWA, Hideki ITO, Takeshi SUGITA,
Yukihisa SANADA and Tatsuo TORII

Abstract

An analysis method based on an unfolding calculation technique was developed to estimate a radionuclide
distribution deposited on the ground by using measurement data of gamma-ray intensity taken by a radiation
detector mounted on an automated unmanned helicopter (AUH). Radioactive—cesium distributions were analyzed
in a flat field near the power station. Estimated radioactive—cesium distributions were verified by a comparison
with measurement data taken on the ground in terms of air dose rate. This verification shows that the present
analysis method is effectively working to estimate radionuclide distributions.
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AR ETY T ICI1T 5 Nal #REFRF O FAYAEH FIEOB
Development of an Efficient Application of a Nal Survey Meter System in a High Dose Rate Environment
IKART, KRG Ie, EH =S, SRR S RN RIS, (PR, &2 &
Kyo KUME, Nobuo OHTANI, Yukihisa SANADA, Tatsuo TORII, Yoshiharu SATO, Takashi HASEGAWA,
Hideki ITO and Takeshi SUGITA

Abstract
An effective and easy—handling radiation monitoring device is needed especially at severe radiation spread in
wide area. In this research, an experiment with a simple modification to an existing survey meter system has
been carried out, to contribute to a further recovery from radiation spread in Fukushima Area.
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Environmental Radiation Dosimetry from Cement Materials using Germanium Gamma Ray Spectrometer
e g !
Eisuke MINEHARA

Abstract

In order to establish an environmental radiation dosimetry from cement materials at the Tsuruga cement
factory using a Germanium gamma ray spectrometer, we continue to measure residual radiation level of the
radioactive Cs isotopes in the cement materials over these 5 years after the TEPCO Fukushima first nuclear
power plant accident.
LK)

TN= 2T DI AR M A= — % FIOTC B DA LG R1T H AL My E T O U R EHI
Bz e T 272 DICHE NIRRT 1 R 3 EFTOFKE 5 FITHED, A MYET Ot
LDFERE UL ~ VA G T 52 & & fe T Td,

=

R AV MEREY 230 5 TOD B AL N2 DRIEEY) O BIE R EF 08 =3 N — R 5E o & — 3 Fr
FFL QOB I RIS & &2 038 A i 2 A BB T, B AV M Z DRIEW 2 & O I i 21T - 7=,
ZAUZEY, BA N T BT DR B EHA O B i RA S EMATREIC R DB 2D, U T—. 7
Uy F3—H AN(CD) | AL Mo EOFHAZKISEMATV, ALV A0 b B U A EOT VA B E el
ANeE EIRET DIV B —F AN T DN B SN CTHEEDLZENALN e T2, Tt
27 O T8%BERREF I OB LA T2 1EIE 100%) D5y BfEE 5y D —DOWE Fes b B H A ZNFI AT
x5,

Il LR B a4

T AN TG IT DR E O BB A AL 272 DIZLLU T D 3 SIZOWTCEHIIE T 72,

O EACOSFEHINE, & ENDHETECsAY 0.1Bg/glh ETIXAESITHEE O Ge iz TR T& 7,
EMESNTCWD IV I —2 ARDOA | K BG Y Ge M AT RIS BNV LD 2o T2,

@ BAPOREERAATOBIFE, 7V I —F ART 0.09-0.05Bq/gFL R 21572, 7V 1 —HF AT
HFRF LU 23 b7z,

@ FM PERFF R OBUS L BRSERE RO F L0 EH T (R /15242 2012 45-2013 Tl 21T7-o72,
Rk 23 AEPEI, BAUR, 2V — TR ALL T, 2V —2 AN T 0.1Bq/g FREE, Rk 24 A1, B A
VR 2V HHER AL T 2V — & ART 0.09-0.05Bq/ g B FETE D et Cs 25 LT=, YRk 25,

26 LSRR 27 AR PEITVEAR 24 AR L [RAR OB T RIHIRALL TS A (Rl 225 H),

. #55

5 FEARIEL T, BAVMIBE D BERL ~ UL TR > TR TN, BIZ, BAVNMUED =D Dr—2 ) —F
D EEICRESIVTODLHIR S AT A HFREVEN TR, 2070 ThANEAL NI TN THR T
TR, IBAE T DIMER S AT 2O THDT VBV &R OEAY, DFEV IV T —F ANTH A1 %
2o TND, 2V T —F ANTRMEO M E R H DD THZ LR A EE 2 biLd,

23 3k
1) —fRAEFE N A MG SR, 2016 FERREAL NI T w7 —FEFE AN BAC S (2016)

) FPGE TR —BRTE e 2 — - WFIEBH SE B - L — W — R B R ==
AFTEIE. (A FPE = RN — e 2 — NBOE R A S (BR) LR 2 7TH B L AT 7EL L TEIMELIZL D TH D,
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K1, FR2TAEE DI T)—H ANV Ty —42 AR) SR A LEHANE

IV —H AR W ~<gAT E AN — [Bq/g] HIER | RBEE | CLRE
UN —

(&)/ﬁg& ;XH MCs BCs [sec] (g] (%]
201544 A 21 B | AR (0.027 Kif) | A (0.023 K) 1000 51.0 21.6
2015 4E5 A 14 B | AR (0.017 Kifi) | A (0.017 AK3) 1000 71.3 9.5
201546 H 9 H A (0.022 A:Ti5) 0.0370.008 1000 53.3 20.9
201547 A 21 B | A (0.024 A5) 0.038=0.009 1000 51.1 15.0
201548 A 11 B | A (0.023 i) 0.030==0.009 1000 44.8 16.8
2015429 H 14 B | A (0.023 A3i) 0.0270.008 1000 59.2 10.4
25015 F104 13 A (0.022 Aiw5) 0.047+0.008 1000 60.4 18.8
25015 11416 A (0.019 A¥w5) 0.026+0.006 1000 66.9 16.5
2015412 H 7T H | A (0.020 ) 0.022+0.006 1000 62.3 15.6
2016 4E 1 H 12 H | R#iH (0.021 Ai) | AHeH (0.018 i) 1000 66.9 9.3
2016 4E 2 H 15 H | R#H (0.027 Ai) | A#aH (0.024 K3i) 1000 53.2 16.2
2016 43 H 7 H | R (0.023 AKiil) | AHaH (0.016 A3i) 1000 61.2 11.4

F22., W2 TAEFE D @A NV RT U R A MLYE B L EHRIE
SEY < ~ 17— SHI[ == ESSIN =N
L T A B H oA AN — [Bq/g] HERER] | FUBIE &
B1Cs BTCs [sec] [g]
201544 A FAj(1~15 A) ASFRE (0.012 SR3%) | A HE (0.010 A) 1000 120.5
2015 44 A FAI(16~30 H) | A (0.011 &) | A (0.009 A3) 1000 117.3
201545 A FAj(1~14 A) ASKRE (0.011 R3%) | A HE (0.009 Ai) 1000 123.8
2015 45 H FA)(156~31 H) | A (0.012 AKfif) | A (0.011 A3) 1000 123.3
201546 A FAj(1~8 A) KR (0.012 R3%) | A HE (0.009 i) 1000 128.9
201546 A T4 (9~30 H) KR (0.012 R3%) | A HE (0.008 Aii) 1000 121.6
201547 A FAj(1~15 A) ASFRE (0.011 AR3%) | A HE (0.009 i) 1000 121.8
2015 427 H FA)(16~31 H) | AR (0.011 i) | A (0.009 Ai) 1000 125.1
201548 A LA (1~13 A) KR (0.012 R3) | A HE (0.008 i) 1000 122.7
2015 4F 8 JJ TAJ(16~31 H) | K (0.013 i) | AHH (0.010 i) 1000 99.0
2015429 4 EA)(1~14 A) KR (0.011 2R) | A H (0.009 A) 1000 115.0
2015 4F 9 H TAJ(15~30 H) | K (0.010 i) | A H (0.009 i) 1000 128.2
2015 4F 10 A By (1~13 H) | K (0.011 i) | A H (0.009 i) 1000 131.0
2015 4 10 A P (14~31 H) | AHiH(0.014 Rjw) | At (0.011 SKil) 1000 115.1
2015 4F 11 A By (1~15 H) | K (0.009 Aimi) | A H (0.009 i) 1000 117.9
2015 4F 11 A FHy(16~30 H) | A (0.012 Kimi) | AHH (0.010 i) 1000 114.7
2015 412 A EAI(1~7 H) AR (0.011 2RK3) | A H (0.009 F) 1000 124.7
2015 4F 12 A FHJ(8~31 H) | K (0.011 Kimi) | A H (0.009 i) 1000 124.0
2016 =1 H EA)(1~15 H) AR (0.011 2R3) | s H (0.008 Fig) 1000 115.2
2016 =1 H FAJ(16~31 H) | A (0.010 AKfifi) | A (0.011 ) 1000 112.5
2016 42 A FAJ(1~15 H) AR (0.008 Rfifi) | ANA HY (0.009 AT 1000 126.7
2016 -2 H TA)(16~29 H) | A (0.010 Afifi) | A (0.008 i) 1000 126.2
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2.1.4.1
~ A7 INENE - R ROKPEBESEMIND DA W E A e
Conversion of Bio—waste into Useful Materials by Microwave Pyrolysis
TR 2!
Nobuyuki ENDO
Abstract

We investigated the microwave digestion for bio—waste on various conditions, and examined the effect from
the product analysis.
LK)

EMOKEEBE W FURHI XL T, A DS T Ty AN a5 P | FE R & T 752 & TR
DN RAFR L7,

=

NAFZAEPFIL, FAEFRE T =Ry =a— AR EREL TAEFI AR HSN TODHL00, [[lL=
AMNEL BRSNS ZENGTEANEA TRV, ZHET, KENA T RTK L T A7 a2 RS,
BUHB PRI K S TRAF T AN Z AR RIRBRE AL BE T D720 O 582 i L Tz, ~ A7 Nz
DB E R IE, B KD E OB Z R L NET 2 FIEEL TENDL OO, BALOAR REHA PE
(T 2T EL UILBE AN E DT, RRAMEIMENEVO RS 72, L, JFTICE—RAR Y
RS H AT > T~ A7 DB BEEZ L, B = f N —(bE2XHEEHIT, TR R TIE<
IR TR R X D59\ EN AU TAL B % | 55 T REROTE L DAL 7 U L Clal ©
THTEEWGINI LTz, RWFFETIL, ~ A7 2 0 iR ISR A7 ARIR BE T DA iR B /KD mE W EEHE Zh 3 X
INBVLVER-CED R A AL, BRKEEBRIEY 7~ A 7 o \Z K> TMEN /iR AVER L | BEIEM) 2 U LEE 325
EEBITAEH R OH R 2RI 25N 2B 522 BRE LTz,

I s RO

MK PEBEFEY) (53, B, 0T, KM, SUYSE) IKEIRINL , ~A 7l 2 INEV i CA U o FE %
ML T2 G H % . GC-MS, LC-MS, HPLC Z =T iiifiz BREEL T, o dT bl 35 2 88 C& 72, el
PRONT hERaY DR H ORI E DI BENLIT~ A7 v T 220°C 30 S FEEEINEV iR
ZEIZEY EE B TIX AR W AR AIRIR LK B EOIL ML L7200 D B L S0, BRI RE G
DHEBREINEM VST A BTEMEZ RS R L 720 B D PR R RIS AR T D 2 &3 R T
77

72 MBVLERRHC 7 Lo — L 2D BRI D 28 ARWII R E BB L3 b1, JOED @A
DT TNDH DDA R EIFRESE LT SR LEEE B RN D ANTHIN T 2729 | 1
NPMBETHD, £, REEREZTRINT 5L T, ~A7ailiRIUshR s m B, DB B TRV EN
HEFFCX, iR T DTl - BB R T A0, ER O L FFRIT R 7> T,

SBHB R 0 75 5|2 L A5 R D B 3 54T o 1= L 2 A ~ A7l IMBLER T, 3B 2 T 528 T,
SRR OAL R RE RIS AR B BT AT R TE T,

. &=

~ A7 B FRIL, B —H — 55 T 0E RO I INEN X5 53 i CIEAE U7 \WNRE ) 72 OGS H3 PL iR
AUEVEE CTEIRTRETWAZENHLNERY HHWE L PEZ B E LT R~ A 7 i InEvE
HOWDLZEITEAL ThAZEE BN LT, 5 %1%, R ILKEUCEMED W 23R E L, 77 fRALEE -
HHAEPRE - FRE A O —#HOREZ R E L, FEFEY L -G W E RN A EBL TEXHU AT ADOREEE
R4 %,

A BB T RN F — W5t o Z— - WFEBR I - AL IR SR
AFTEIE. (AM) FPE = RNF — et Z— DM@ RO DOZFEAFJEE L THEML 7,
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2.1.4.2
KRG & R BG = 1 L2 — ] R4
Research Activity on the Applications of the Solar Thermal Energy by the Solar Furnaces
TEHZ 5
Yoshihiko SHINODA, Tatsuo SHIGETA
Abstract

Since FY 2005, we have developed the utilization of the solar thermal energy by the solar furnace.
2K
N KB IZ LD KGR RV — DI 5 R A B LT T, T, B2 BRE R L TD,

I ¥ 5
K7L 2L A TEN L THEEIRSGZVED TR AF7E 2 Rk 17 4E (2005 42) 2B R T
Do ZORNTKAL /N 2 7% 51« BUEL . 2> DRk (R5FE & Te) LR DA FRD FEERAFFEI ML LT,

1. A O3

TARBFCIE AR RN DTS & RS2 7B (3 TREGE ) O1E A2 DWW TR R il R 41 7o
TW5, ZOHCHI I RE BHEL C, [UEMREEZ A 754 8 MO Y — T RS # % Bl% LT,

WK R E L B LT — T i ds et B INRLURBE R Z FV T, 2013 200 KRR CINMREE# Bd) Tl
ERBIC XA T 7 2 D E fE 5T = ORI BT A EBRIF 22417V, =& ) — LB EE T
ACTHIS LB ED LB T77 2 OEME RH LTS 1), AT RAUKIGIE LD INEIE R %2 7%
ST INERIGIF LA B @i BREE CREBLL 7= BLR O PLZ MREE T 532504 2016 LD ICEHIML T D,

BT, KBHFEOHT- 72D R L, BIFRFERIEILFRIL TAMAMFEE & O %Z B LT, JSTJAXA IZ
LMK GR 70747 BRI L2 NFED A A7 8 ISR RIZN T A — T A " —a 1B 50
ZER RN TIA HEOKFERE T AT LOEE — RSN EO TEMRIHEZ B L T— 183 8RIREN
72 ZOWFZEIE, TA 1872 E ORI L) JFR 212 et G L L, BB EEL W R b o4 R s 7 m
Y AD TEMSHERGTT 5, £2. KBFZE WA 7 o A0 EBME A BEd 5 ) (G FHE S H o
T, JUNRFELerE 2= AR E LA SEIC S B35, F72, NEDO IZSFE LT UL FIEARERIREZR o7,

O MEHERCIEER OB 22 | Mk Sy O 23 BEfh H 36 L OUKBE B L5 B HEBEIEY) D IR AL LA FR R

DT — R Fr—HIFEH FE ] (To—X AIZBWT, THAE AR RV — LN A~
AH SRR TR REHVE RS AT DOHANBI S | LA TR s (HFEE . 7 U 77— /UE St A HEEE
LLTEMm),

@ Bb~7 22U AOEGRITIC LD FHGA H AT R = %L — YA 7 L DRfEST

[T R F— BREEFHAT G T 0T L IZBWT, BV TR K 2 & BT EE ) E Mg PEER | LEEL T
i (WFFEBRFE AT ALK, WFFESEfEréRIE L&),

7B, A EHFFEE U CE LB LU D 20 FEE MO R SR EHE oK B L& 72 B~ |
BT DR A% B U7 EEBRF 221 S\ Tl AR IC BV CRIR IR 35,

. f&=

KEGIF DBr=72 BB ZR R L, JAXA HEOILFEIFZEE L CTESRERIZRTIL, KEGE O A mCoiEHET
2 B E W R BAC AT TR B 2 B AE T DI E o7, 2, 7V R R W%l - R R o K40
DOFEFRMERE DR ENENSNTIZL O LB, BT RO RENFHEINT-LDOTHD,

235 3CHK

1) Takashi Ishida et al , Anomalous restoration of graphitic layers from graphene oxide in ethanol environment
at ultrahigh temperature using solar furnace, Volume 9, Number 2, pp 025103-1~025103—-4, 2016

LA BB T RNF — B FE e o7 — B R s TRAX —BRR L —T |
AHFFED—EB (K BHIF 2 O RSB IR AL L 57 57 = TR R EOBFFE) 1%, BHIFE(26600044) DBI L Z 21T 7=,
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FR b2V D LD EHEY) M O LRE RO K RS2 E ~ DS
Research on the Properties of Cerium Oxide and for the Applications to Fuel Cell and to Hydrogen Production
TEREZ™ ArhEES™, B L | SaARBHA™, 3 L — ek Fn s, (L P —RR e
Yoshihiko SHINODA, Ryoya ISHIGAMI, Tatsuo SHIGETA, Kohtaku SUZUKI,
Shin’ichi TOYAMA, Kazufumi YASUNAGA and Ryuichiro YAMAGISHI

Abstract

We have examined the properties of cerium oxide exhibiting characteristic behavior at high temperature. Then
we have studied to aim at the applications to hydrogen production from water by renewable energy.
2K

R ER B TR 72 28 2 R 3 LB UD A0 SIREZ R T 5L &0 12, Z DR ETED L T AR
TARNX—ZLDKRNEDKERE R S ~DISH % B e LT Bt e 217572,

=

BT AORHEAMEE LT, 'Y AOB LI A li& 3 Moo TRl LA R 2R b Y,
ZORERIA T 228 CREIRER L IR EHE th o TR AR E SO K B R 70 & o B A (Fifge) FILF T REZ2 =% L
F—IRICE DKL BRI IR B O S i~ AN IFFS D, 22Tl B b O R E% B L7T- L CRpEN7:
Wtk BT T COREICHE B LTSI FE 68 FLTZ, ARFZE0 BENZLL FD 3 S TH 5D,

L. BEREMEEEE L L C He A4 AR ANERRICALT D L-EU D A (4 ) D7 V2R BSR4 Bk

BHEEE G IR I/ mAa— V7ot 50D LT AR R DA T AHT 2B O R | D —Br L L CHEfE
2. KBBIFIZLDKD 53R Ok FEE) ~oi H A B fEL7- ez
3. ERERALY IR R E O B AR N~ % B HE U7 i O VR - { I RF M ST

. RO
BIEDIMNENFEER % OB XPS, SEM. TEM, EPMA, XRD 72& 0 2l aa% F N CToLES (547 - 3:4) L.
Fe bt UD L0 EREFE L E ORISR DR BB G ORI 8D 1o, Fo, BRI R oD B ff
BEA~OHEHZZEL ., B b)Y 2O EBRAERL 72, DL NICAREE O T B S A R,
1. K& T 1600°C Mz (FEAUT)
Felb2Y Y 2 RKaR (BRI L JE AT B MR 99.9%, DM R) Z@mHiE T LI T2 211
FEAL, 100°C, /10 43 THIE L, 1600°C T 8 IR fRFF L7 1% , IR E TR LI, 5 5h 1A X234
L7es, A& IS I T e o 1o, INEAEBRF# &b T — X N — R E b A B S & D 4 il
DAL EIT L THLZEaMR LTz, IMEEEEHT, e 7t h LTz,
2. KEUF 2000°CHEEE (Rl ASBEEI O O VARR DL CINEER B 2510 By (RAKBEAF)
REZFARORE LTIz, INBARTE LB L | b A XD KIS L 72 2 &2 Bl L7, X 1
2 B N a =T DO AL KRB O EL IR e E 7R T,

IEARTI R
WERC pm WD

| B G 7-L U A SRR D BV TR AR B

18pm WD 7

) B R e 2 — DR B - =L — BRI S — T () B L — T 2 — - TR FE S - = oL
=R =T () A E R — T o — - W SR ISR - BT (AR AR = 3L — g 2 — - B TERA
FEHR L —H — TP e =

AT, () B PE =2 F —WJE o #— O A TR L L TERMLT,

AHFFED—ERIE () FRIE T 2 —HFFE 1 o2 — D E LA FER FEIE N B AR TIFFE B FERAR o & OVNE 32 RSB AR
e TR JE R LD TR ZE L L CIEMiL 72,
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. R&T 2500°CHE MNEA(8 kW 77 A /3 —L—H—)

AR ¢ 25 mm [EHE T 100 W 255 2000 W FTH HE LSt HTE _E NS — —%
FL., ZHEO N a=T B OIFIZEE A LT KRB B 7=, 1000 W CIEFL . XG4 NZLE
BRI FBARIR ORI E T, 2000 W OINEATIE, FRE 14 20 PCHEL., AENAETT-, bl
ERITIL LB L, Bai LTz, D EIEE AW R D FBARIRE R o 72, TODEERTIE4
B &Y A2 OIDIRRENE DRI N, 512, RIS TRl 267T°COU NV a= LY
MRZNENL , BV AR R LRI IR Rea 7R3 L2 a8 LTz,

. Ar F 2000°C. 2200°C Nk (FB547)

AR BER LD DT AL, TV HAFEAST 100°C 10 4y THIEAL . FrEIRIE
T 3 BFRFRLT, IRERE FRFLRIRICEDEFTT VAU B AP ARG LT, s B H U
D RKBINTE DRI, T IvT o H AT T2 LT R Z ISR Lz, 2000°CINEA TRy K
REIXTH LIS A R L IR R L 72 S T TR I 72 o 7, IR I TR W Bk (0% R LT=, 2200°C
IMB TR LIZTEBR 350 | &R 2 iE & Rz T O b R mREED K D a3 Ml E s Tz,

. He TROKRKFTIZBWTEIRND 1400°C FTOEILEE 745 bt i br

REHFFBLO He HTHNEAL 72 345 dtiiE D2 LA i~ 7z, W Z5HH IR RS R ohE i
RS ICBRZE R ZAIZ RS N2 o 7273, He T CIE 1400°CHHES Pt b—4 — LRt U 2508
DA TS I3 57O CBL B LI BAE Y7 7 A7 (T A7) IES LI R B -, 2,
4 Al 3 Al~DOEALZ R T HOEHER T FEMLIRPAR FO BRI CE T SONMEZ A T2
REE~OE AR TIEwRE S DD,

. TERRER

AR RIS F R Ly ME L2 —7 o e VLT, @ JEE~ 7 Rk bhas 230 2 280
300°C. 500°CEM: T A/ERIL 7=, 500°CEAETIE 0.2 um DIRITHERESDOHEEL 7257,

. FEERLEUEMSHT (XPS. SEM. TEM, EPMA, XRD 72&)

[
N
o

. f&s

X #BROCE 53 6(XPS) % AW TRBEIF N AR 2B A 73 AT L7z, XPS Tl R IcHE DO E FIREE
EFNDHIEINTELDT, BALIRAR (B LB Z2HEHITE D, 1 2 12, Ny MRS | KEGF T
IEAAAT S T3 XPS IERE R 3, (DR TARAERRELE L THIVZ CeOr ByoR OTHIE 6
EHEET DL, NN EHE R EIFAET 2BV MTUTFAMOBRILIRIE THH T LD MBHIS
WIS RBHR R EZ Ar A AL AL DAy ZV 7 ThrET Hé | AR UERBRO R i &1 578
LB =7 TAR O NIRRT RIER R ED 2, 2L, @RI ZY — IR T2 SNob DA,
KREHP CTHEEILSNTZ2O THLEHERTHENTEDN, 3 MDY LD E R T D
TeDITIE, EEHERUR A W [REM RS L BE L0 D,

> =
2 2
FER A (ce*) ceO, § KEGKF gk % ABEIFmngk (R&m)
115 110 105 120 115 110 105 120 115 110 105
Cedd5/2  BE(ev) Cedd5/2 g (ev) Cedd5/2  BE(eV)
(1) FEHESURE (2) K INEAr JLEE) (3) KB hn#EA (FeZem)

2 KB NIIEGUELD XPS 23 Mk 5

BRI BV D L RFEZ KRR TITIW OEREINEA TS5 2L TRILENEIE 4 i T RS

2 SRR
1) M. Zinkevich et al., Thermodynamic modelling of the cerium—oxgen system (2006)

BIEED V7B OVERZ BFE L THMLTZ, £ 2000°C DEN KIS 2500°CUL EEHEESND T 71473 —
L—P—(ZLDMMET, EHICEIRIRFE RSB T D22 B2 U, £ LT, B ANEIT 4 M ORIE TR
B RLRR D 7SV IRV AL T DT I X R IR E A I L 7 BREE COMBAR NI L IR DT EDVRIB ST, 2
NHDRRAES L AR CIE =R DR T 5 KEGEE T2 T, RBefeFI rTREZe IZ HE TR A S fiR L
KFEEGD (HDHVNE, ZBLRBE SR — B LR FEE15D) FTRetEZ R LT,
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KA BREN R B e — N XA 12 J B B %
Heat Transport of Bubble—Actuated Circulating Heat Pipe (BACH)
B HL R 3R
Eisaku AKARI

KA = L2 — OB 2| 9~ B 72 0 (R R A2 B 6 A D BRI 3RO BN TR0, HEH) ) T
kT A — A T ITEER M Th D, AU 2T DK TR EN A — <1~ (bubble-actuated
circulating heat pipe:BACH) 1%, #5368 = L¥ —HIE v Z—NRAL-L O TH D, (FFEFEE 4771964 =)

AWFFETIL, BACH D FE M bZ B LIRS0 —BREL T, M BEF] U2 BE S Omh B B 2% &
L. IR R ZE OB SR OB ET o7z, s E L7 @ L, 49 3.5m 2B E L CTHEZRK Sem FIZH)
70cm O MBROLEGRELT=H D% 1 H5y DEFEA—RZ 8 A& i T.U7-, BIERER. it THK 1 FR%GE
L7 OBIEICB W THIEFIT/ERIL , BB RO R mIR 1 CIZHL, BT CITR TN TN DD
ERBLIENT-, 72770 A RIOFEEFTIIHAE 3.56m ORI TS, FEMEREE L Cld -+ 72 PEfE
RIETHETITIIEL D -T2,

BACH ORPEZR AT T20121F, WERE B OIRE N RENWZENEE THY , ZDIH7FEH I
WU TR AR BIRBL QUK ERE END,

L) S = 3 VX — 92 v 2 — R ZERR S - =X — BB T L —T |
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2.1.5. MR LT BR BT - E1E B fir D BA %

2.1.5.1
WA Z NV OKIE A LA 5
Study of Improvement of Water Quality in Brackish Lake by Photosynthesis Bacteria
JH T B &
Masanori HATASHITA
Abstract

A water purification technique with the use of photosynthesis bacteria was examined to improve water quality
in wide—closed water area polluted by waste water. The dependence properties of temperature and light intensity
on growth rate of photosynthesis bacteria were examined.

LK)

IKE DAL UT- VR D YA B AN LA BEAIC DN TR 21T o 77 F1-. JEA B Y) 0 Ha Tl FE D

TR AR A METS KO EE R A ME IS DWW TR LT,

=

IR O =05 TR AL Tl E R LIC KK E B LB L7 -> TERY | KEHEER KROHIL TS,
WA W BREEEARIE, BREEICE L RPMOREEEZVLEL LN WOIRE R BHL3, £D— 5T H
W= AE ORI FEDN D7 VERIZIR D LW TS A3 D, AAFZETIE, EM A WK B LA Y
BAPELZ N T DI IEDRE BHIEL TS,

ZIETONFE T, =5 WAL OB R I LA A 2 B HCR I HBEL , Zhblc A4y
E— A AT T VARV R L CERET A e B BRI L CT&T, £, Pk 26 4FFE 1%, 8k
L7 A BRI AE M DEIK A T COFALREZ RN L7, 4 [alid, FEHERBRIZ M 723 AR e LT, A alii A
W) D HEFEE FE DR JEAR A L ORI R AFIEIC DUV TRRRTLT,

[ 5% ariva:d
A RIS ER D 4 245 VT, IR 3 40k, i 2.4

JE 4 SAF TR 2R TR T T o E D1
FEMEZ R U7, HEAE ML BB R D A Ak
BFEOWNE LT =S —FTHZ LRV T T, S
160 u mol*m 2+ st {2331 B HEFHE 3 B DO IR AR TFE D
— I E KR T, WTHOIREIZIB W THIRE Of%
WEEEHIT, WERE XU T=28, L REDFE LN
ZhEH D FETORE IR I KREULIFL, 30°CEME
D3 EeH LK 20 IRFFRIOD R C I fife 2 RO EE D3N
2Tz, — )5, 15°CEAE TR 70 By RaE L= 7=
VIS LR DHEINA RS T, Yo i iAo BE5E
W DS RERIFEMEICOW T, S ERBRLZ
260 2 mol+m *+s™' ETOIEHREEDFEPH TIT, £ DHIIN . . . .
DHITEOEIE T RO T,

% JLEE (Abs)

. 5% O R B8R (hr)

ARRIT VUK THIGE AT REZDE & B AW D 1 2 B Y 0 He TR FE 0D B R
FEMERE BAb Ll EMERICHS LS b=y . . .
D BUEERITH T E T D, (@:30°C. A:20°C., &: 15°C)

A BRI T RN X — W5t o Z— - WFEBR T - AL IR SR
AT, (D) B PE = F X =W o 2 —AE I RIDDOZFEN JEL L TEIEL 726D Th D,
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2.1.5.2
T TF D =5 R
Cultivation Trial of Oilseed Rapes on the Surface of Lake Mikata
"
Keiichi TAKAGI
Abstract

Cultivation of oilseed rapes(Brassica napus) on the surface of Lake Mikata was examined. They grew, bloomed,
and seeded on the surface of the lake.
LK)

777 O =5 EREERERA I LT, 77 7 ECAR . BRAE, /L, I ERE FRETH D
TEMFERES I,

=

EHENOWMEIZ, BROV L OERBIZLLEREBIODFIEL>TD, B RBICERET 572D,
SRR E DAIRA~DFEAI] A SDOBRENLIETHD, ERER~DEEERT DT80, ZNHOXKIC
WL BB e FiEE BN D> Tkt 2 B H 5, AWE O TEREB(LWEEZWINSELHZ 1T, 12
ROMNIRKEEACIED— D THDH, PERD L WIS H T DM OFIH FIEDN NN [ R385
277,

ZZ T MAEO ERBAWEEZWINT D TFEO—2 LT, Kili ChEDH AfimEE T, BxrElbin'g
BRI SHE 1% BELT AR T 52 8% 3 2 12, ZIVETIC, MBS WCOKE T 7 7T 035385 fT6E
THHZEZMR LT, T TV 27 X, 77770 =5l E o2 AT, i E TR LT 7S
T, B EOT T I ERBRCAER, BITEL, f5 320 I ERRE RTRE CThAZ M GRS T,

I Ak D71k

EERM B L T AT YT 7 T (Brassica napus)& A=, 77 1%, BB X —Wi3e o 2 — O
WERKSETHL 10~15 cm TTHE LK, Bt 10%, 7S—F A 90% CTHER S -kt R 28 gk b=
YT TIBAEL  FRP MEAMZ FF DR B ORGSR 1.6 m, T HAA—_o 7 ZFNTFER(1 T 12 3
DOFERGa T T HFER ATRR) L C = 510 | CHEE Uiz, 3RBE T =70 . A~ A AT 0 G R L7z, Ak
BERRBRITOT AR 27 4F 2 H THIDB R 27 4F 5 A MIETEMULTZ, &SRO B IR, A, Fibi=ar
T B P =X R A —IZ BN L O RO EEARER, Vo BEE L, VE
BOWEL, ETHEEAT VLA — X TR BHRICE ENAY AR~V A iU L
LRANR A ETTANL NI VB L |7 T U EWR R EETERELT,

1. FEREB L
W ECHEE LT 77 h0%, R AT DI o g
THEIE OB N EC T2, 2T ERINZEI T o
TR CII A EIN TV o T FREThH 72, Fi2.
BEEHE DA BT EHICI DR ELZ T, &
NHMNFRIK L7220 BT TSR TIXIZEAED
TT I NN TLEST, T T, BE O ITx
LTI, a7 REZEDE R~ Y~ B
RN TV NTEIEREML . I EEIZED
BEICHUTIL, B BRI PRI R NS w5 %t
- . RENHL7- BT, PIRE LI 2 D CGRE R BR 2
| = HME O S RE FcBiELET 75T BT, O R, REORECREELRITHZE

) BRI T RN X — W5t 2 — - WFEBR T - A IR R
AWFFEE, () BB =X — W o Z—AE IR D DS FENT 78 L L TEIEL 726D Th D,
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CET, W ERES L7771, 4 AP anbiliEziad . 5 A PR ETREERT7-(X 1), BfEL7=4E
WAL, W E R R b, 72720, PIRICHER LIZRR C ek B A RN F A R
WCBATUTZ20 AT EAE OB B L 50 em LA T THARAERIZEONS DT,

I U7-AEE R 1 DI E & 1.18 kg OT7 77 BB SO, B E -8 E R DA S
NHRLERE B 280.1 g EHEES N, MINESNZFE 1L, 55.01 ¢ Th-o7o, B L7=H B, BLOFE 1D
Voa8ITENF, 358 mg. BLON599 mg ThoTz, LN TERIE 1 £ T 957 mg DV [EIIREN -
RIS, ZAUT = HIARY RS 0.05 ppm HGELTZSE . 19.2 t OWIKICE ENDLVATHYE T 5, 45
[FIOFERTIL, PO S ZHEH L2077 7 F 03 R T RN AR A RIZBATUIZ S RIZT 7770
o ERL, BkH7-0 300 g oM EEE BB A FF 7SR ELRINEINDI L OBEEHEE T DL, BRUR 1 Hd
720DV RN EIE 21.3 g THY, ZAUE 852 t DIAKIZE ENDVAHEH T 5,

V. fE=

= HWOKE T 77 2R E I L, &R B EME ThO) A RINSELHZENARETH LI LA
FEEL 7o, = HFINERAKIICon3, =5 HIMDAKH W, W, A 2 FIERKCaHY | RBRICE S b
ME 72> TODAEEIL KN T D, ZIHDEAIBICKHE T 5720 A4 B — AR Z V- CARKIRIC
W ATRER T 7T T EBRICEH L TG, 11T, ZOMEENET 77 A& K R, B RE OB
BE R~ Z BB H 728 | MEYE, O HEE AR FRD T 7T F OVEHZ R 5,
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2.2. [EWTE
2.2.1. KL{ERDAARIE & FEAL D T2 D AW It B R B A58

2.2.1.1

Boi 1R L DMARE ~ 0D A— RN 2 2 FR G D3 (B AL A4
Estimation of the Exposure Dose with the Evaluation of Cellular Damage by Proton Beams
AT SRAI™ AR YR 1387 HGOASE 1 RARIEED™ KGR | I HOE 1 ACKARY
Munetoshi MAEDA, Hideki MATSUMOTO, Fuyumi ITO, Kumiko TANABE,
Takashi HASEGAWA, Satoshi MIZUSHIMA, Shinko SANDO, and Kyo KUME

Abstract

To accumulate the basic data for the advancement of the proton beam cancer therapy based on detailed
biological dosimetry, we estimated the cellular damage induced by proton irradiation with various kinds of
biological analysis.
LK)

FEAR R AR RS AT EE D Bh MRS AR IR O @ BEAUIZ I T SRR 72 7 — 2 O E A B R L. B
TR 351F 2 FEBHERE BE 53 A7 D AT -OFE 2 DLEW) TR FRATIC L D5 A— 3l T L 7=,

L HE

b5 R 03 ATE R CIE . IR JE 3 O 1E 5 i ~ D 5 88% o/ NRIZ T2 e BEVED D | SR~ V5 (U [A]
B DRI JE 0 AR ) DB XL DARBAL DS FRRE £ 72 > TVD, KOTEFRIR S &L BE~O AR D
DI E 7R U AR 32 2 8 1E . 1@ TR ASTIR B RS TR D ATE R X —Z I U & T D1 TR
FE% 3 T DIRHREIN O e b, =i BEAGICIERS 5, ARAFZE Tl DS ATRIRIC B AR A7 8 50 JE 3 15 A
B2 BB 52 2R ORI DUV T B AE Y 2 B L OVEBRENMY 21072 152 W CREEL . KRR
< BEA~OQHOD 72\ IE 7 B B EA R 570 O SEHEN /0T — 2 2% 8T 5,

I pREORE

1. BRRoOSEIRENC LT T VB O b RS MR

(1) EFHETNAYUAICR VA, A, 8 H#llm) (kL T, B #yEKT 7y 7 e —27 (SOBP) IZL 55 El e
MRS (1.5, 2.5, 3.5 Gy/day X 4 day)ZEfEL . 30 HREfABEL CTAFEREZRELZ (XM1), 2 ha—/ L
BLO1.5 Gy/day X 4 day BEHETIL, BERE RIEROZGIT b7k 5T, 2.5 Gy/day X 4 day
PRSI D BoE A ALk, mikass | BiERIE(L, B BRI OBETHY, FET L LEEREER
TOWTNHEREDORETRIELD 4~10 HORNCEIE LT, BLEMMF O FHRED, A% O H
L EHITEFNZHEIL T e b, iR E O BRI, Mk B HfEE THHEEZEZHND, — .
3.5 Gy/day X 4 day MRETRETIL, BEE 7 B BICAEEICBOTEIERIB (LA BIZR SN, IBES % 8~
13 H BICHIZIMFREE . B ERRIE., IRE T RIEDH DT H H %0 B (RAER A B, Bl
DR EN, FREE 7 B BOAMICED T5ZLL0METE DL, ARETIE, Mk - B #FEE 2
2T AMEE R ENEU WD EHEZR S LA,

2)  (DEFEEDORF A I L, FREE 10~11 B BIZHREMEAASETE LT 3.5 Gy/day X 4 day FRESEEABR
AEF<UAOKIRE LOFHEEL 7B $E e ie ih o & i g Bl o A 7R 2R E L (K25 1), 22k
m—/LREE 1.5 Gy/day X 4 day FRETEECIL. BEEREICEAE 72 = BITFRD LR -T2, —H ., 2.5 Gy/day
X 4 day PRI CIL, A BRBIEAEOIK FABIRENT-, K2 GRE) IORLIZARIC, B2y RECi,
4.0 Gy Zi x5 &1 i g B ia OHEFHRE S B ITIK T 975, 1.6 Gy/day X 4 day 5DV NE 2.5 Gy/day
X 4 day THE| 25 RS UT-56 OwE M AT B a0 MEFHEEIL, 4.0 Gy LA F CHE2HRHL-HE LY
LA BEIZEDPoT, DL EDORERN G 5B OSA | 1 BIf&ED 2.5 Gy x5 28ICiE fLA]
A O HEFERE DMK T D ATREMEN m < L EARD AR AR AT R 72 MR DRI REAME T L T2 eEn
TR,

AR #HE T RN — BT 2 — B TR R RL T MR SR TR L — 7 2 AR R AR « B AR - [ Bk R i - ik
SRR IERE AR () e T s
ARBFFEIT, I RDDORZFERIFEL L T, (A BB =3 = JE o 2 — L R R A ZEE L CHMIL 72,
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Wi - #ROD 53 BN BRI D3 E 7 VB O - T ER~ 52 DO FHAT

ICR <~ A (S, 8 FEM) TR T, BHF#r SOBP I2k By El e A (1.5, 2.5, 3.5 Gy/day X 4 day) %
Fhal , BH% 1 BHDOWNE 14 AEEBE L%, FEREAH L T TUNEL G2 B KRGS Wriml2 ks
FBT RN AFHESEEEZRE L7 (K3) . BE 1 BEROT RN AFFEME 1, R EORINE Lt
ICHE R AP BIZESIZ03, 2.5 Gy/day X 4 day 3L 3.5 Gy/day X 4 day FBEHEEORICITAEE
ZEDBIES D T, 72, 3.5 Gy/day X 4 day BBREREICISUWNT, BRI E B Blgis -,
FEE#2 10 H BB XL OV 11 H BICHBEHMEARNSELE LT 3.5 Gy/day X 4 day PRETREZBRE ., FRET 14 A%
B SNT- T AR — U AFESE L 1T o b — L REERIL LT | B O BERR 3 L OVIE & fll i
OHEFEZ LR EFA LSz &E 2 b5,

(1) LFEBED BE 2 320 LT/ MEZR L, TUNEL Yea k2 L0 o bk b oosE il il 3 L O 23
TFAET 2P (crypt) IO TR — AFFEAEFEAHIELZ (X4) , S 1 BE Tk, & RETEEO IS
Wi o 7= DIZHE SN L TR N— A BT RO T, Flo RO LR,
WD RS S Th B T ORI S5 (CBEE 72 BRI LR DIV o 7o, — 07, B 14 A%
DILE)T R — AFFEMBENT, 3.5 Gy/day X 4 day BUFHAIRE R TORKNSEIFICB O TUAZE—
ETHY, a2 br— AR BIT DT R — ZAOFH ML OMITH BT DTz, ZNHORERIE, I
1% 14 HETORICEF 2R T DM E LA A—UNDaE T A2 BERTHEE 25D,

it =

ERHIIRLE ., e lEas Ot CE B O NEREE (=) ICB W TR AT T L LIS REMAHMERIL,. =
ENDNEEHATET DL DL L E B CEDIREE R TD, — R, BT, BT eAT—
BIEPESS DNA [EETEEOM, SMNRMEED 2 HER T 282 A L TRY, TR A CThHZ e b
TS, ZO720 | i E G e ER T ICk > T A=V Z T T8I IR S S B I BN EREL B
MO E A L 2 3 REME MR S IV CTE Tz, AP ORE B RIS B SN2 R B L OVNE T,
B DV M AR AR IR RIS T RN — U ANFHEESNAHZENH DD L7220 | SRR LD A—T % Bk
FRU . Sl O M HERF T2 A = X LDFET D RIREMER Do Te, o, ZOREAEFIAT 52
&L BRIEL B D LB RO B PE CIEH S~ DX A= a3 Ml CE A A RENEAS RSN, 5% 1T, A28
L7 VBT 2, S0 IS IS LD TR AR L7 F2BRAF 202175 S Copii i 52 28 5 L OVE S B s

DFEHTEZ D TITL,
TR 1
Y
08 B g o
E 3]
E L| £
£ 06 2 om
g z
3 o4 “ o001
—CTRL L
02 || Gyiday = 4 day [ i i
—2.5 Gyiday * 4 day L 0.0001 i 0 B - f
—3.5 Gyiday * 4 day LM‘ cTRL 10 20 40 60 80 100 CcTRL  15Gyday  2.5Gylday
00 ; : Dose (Gy) xdday X 4day
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Days afier irradiation X2 F%%fﬁ SOBP T% lﬁl/ﬂé%ﬁﬁ% (ﬁf\‘é) B U%%'Jé%’ﬁﬁ%
M1 BT SOBP THE|I4 L ML ICR =™ AD FH) L2 ICR ~ T ADDH S 14 H #%IZEIX L 7B S e
30 AT FH o3 i AT A el oD #E Bk R
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00 - . " . & 5 . |
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K3 TR AMBIABERS RS HE W CEES MDY 4 i O &R I S N B 7 R b — o R
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Super-SCID ~w A% FV =B MR A AAE QNS IE H gk - fHLAR ek 3- B 15 1 o
A 2 SR & B i
Growth Suppressive and Side Effects of Proton Beam on the Human Cancer and Normal Tissues
PRI . Bl RSLRE AOKRAR™ BT =A™, iU i 3
Taisei NOMURA, Haruko RYO, Shigeki ADACHI, Kyo KUME, Munetoshi MAEDA and Fuyumi ITO

Abstract

Growth suppression of human cancer tissues and side effects on normal human tissues by proton were studied
using super—SCID PDX (Patient—derived Xenograft) model. Preliminary study revealed dose dependent
suppressive effects of proton beam and X-rays on human lung cancer, prostate cancer and pancreatic cancer.
In the financial year of 2015, suppressive effects of proton beam on human breast cancer tissues were examined.
Further studies will be continued and results will be compared with those of heavy ion beam. Changes in gene
expression will be also examined in normal human tissues.
LK

b MR 23 A DN IE 5 s « R A Super—SCID <& PDX (Patient—derived xenograft) €7 /L% v
T B F#R BRI K D05 A AN I 0 R & B AR~ D REWE A O e 21T 72, T F2B Tl B -8R GS
IR EITIS U T, BRIAS AU, BISZRR DS A | BERES A0 DYEFEAINHI LT, 27 FEEEIX, B RO ENFLAS AUk~
DYETEIHI N DN TR EAT o7, MFFRAREREL . 2 OfE F1T, BRI RO R LT, F72, BERNE
OB FHBLOZ bR T 5,

I #3

FEMEREIE (D3 A0) 1, BeSETIE 1981 FLBRSECIHEOE 1 L THY, LS HiicnAL2BEans Ea
DFI 60%1% 65 1%L L THD, ElinE OB AOENINEERDLE | o722 B VTRIRIEE U TR -8R
BEDOFFOEFRIIMRD TE,

ARFFENTIBNTIE, BENER 23 A NS IE AR Super-SCID ~TAET /L "™ & FWT, B iR IR
(XD FEAH S FCRIE A Z fRIAL . K002 2725 TR ER DI B/ HZ & AL, fifi
D3 Ao BISEIRAS A BEDS AU 36 L ONEH IR 2 B OB SIS = L — R JE 2 — 128\ T 26 AFEEL VB LA
LD, 27 LD BSAZE M TARFZEE kL, R - HREDERLI TV KOFE RO 27k 1
EFEDOFRIRIZ D720 EROMERE - E# - faakom EIZH k35,

il

. Fik

1. PEIEAELE - G RR - S MR ST T (FARHF) (2B T, C3H/He]/NOs—scid <7 AZEHEL . ENER DA 1E
WA SCID~ U A TR L7-PDXEERK T 5,

2. WREFEER (mar U —2) I A, SR LB SIS oL — W 5E L2 — (WERC) HUH BRF ZE RS
AT D,

3. U= _UFN T AL LEZ—/L (6.5 mg/ml, 0.2 ml/25g ~7 A GG TEHFL .
TEEHE RN ANTIRT — 7 TRSEE L, B E3 (DATEET—AK ) ITBE L O R
AT (A TIRORBEED) FRAT (1., 3. 5. 10 Gy;200 MeV, 3 nA F2E) 2179,

4. TR, 2V =0 RXUTF W TR G B R ICR T, B EOBOR AR L%, it L, =3I
JERTEN) TR R (S BT, MRS YA X% E I EHAIL | BS 1 RR RS LD R ) 2 S 2 X2 kD
R LT D, EREMERE~OEAL T2,

% [ SR ELAR - (LR - SRR T ST T B KB R BY M R T B O KR O T (Eh W) S8R G 1 E KRR 5
DS18-086R15, X3 - B At) | HARTANTIR W3 1B 7 EORERICEELIFEZIT>TVD,
WERC; A Eh ) BR8] 1 [ $ @ e if L OWERCH FE O &GRO T, LEIFFERE G iFH 8
T AREEBPAT, 28 R HT R EE ) ISR W EEH Th D,

*I(EIF) B SRR - Rl - ST ZERT ™2 () #5800 L —FJE e o 22— - AT ZEBR 3 350 - L7 M BRI S8 7 L —
ARBFTEIT. () FPE = — 8t o — L(E ) [ SR - B - SRR T IR T O L RIBFJEL L CIEMEL 72, SRR BRI JEA (RER;
A B R OEFABITEFT =Y — 2 7 A AT T VEMBIE Y m Y= N (RK B A ORI T2,
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. 5%

WRK 26 4R EE LOAFZEZ BRI U=, JE9°, ENEEHAME A THDIA A LD A, Z LTI THERISHE I AT
L7=EbRISLAR S ABAE (PDX) €5 V% VY, WERC  [57-8R BE 5+ 36 L ONXHR FREFHZ L 2 BRI 2h Bz o
TR LTz, RIZADBBITHDHN, s ASER] 575, BISLARAS A 415 TIE, Sk ERE CHEEHEFE OMH] 20 B
BOBINTND CERR 26 4 FEEE = VX — W 9E o 2 —WFFEEER) . 27 FEFEIZBRIAL7ZEMELAS A 502 12
BNTH, BRI | 3ROSR R3O LN T (K 1),

200
o =4 unexposed I W
€ 150 =16
E J.\.Jy
"q-; == 3Gy
5G
g 100 Y
—o i 1 0GY M
>
15
£ T X
=)
-

0 10 20 30 40 50 60
Days after exposure

X1. FLAYASEHIS02

V. &%

T 3KEFIR DS A ~D B T BB DA AR 5729012, XERIR F28% 0f 8 TR COEEL T
W5, 2D A FRIEN R I (RBE; Relative Biological Effectiveness) 2RO AVEHEABIAELT=H, ZILE T,
XHR PRI SEBR | BRI EBR CIX AN ST E N ROWHER (72 21X 10 Gy PR CHLIEMEIEE
RIEIB LS MEEEOHEHH) 23RE 2 R, 27 FREZ L2 OJRIKNEE L& 5 O EEICERAED WD, 55
AT RRZ DWW TIE, BRI FRRED AT, IR, B 5 AR~ DB TR OB O TIE, v A7
27 L A% FVVBIR T FBLE(L I E O EE FIR I 2 5281272,

V. #5
b MR 23 A DN TIE T g < FLRR A Super—SCID <A PDX (Patient—derived xenograft) &5 /L% Fu .,
b5 - R PRS2 2 23 A BB I 200 SR & IE AR ~ D BIE R OWF AT o7, FE RO — 5 CHEfr A TOE
P HEBEINHI D R DSFBO DTz, A% RFHITAE A R D D7D ITHFZE 2 ke L T,

EEBUN

1) Taisei Nomura, Shigeki Adachi, Haruko Ryo, et al. Differential radiation sensitivity to morphological,
functional and molecular changes of human thyroid tissues and bone marrow cells maintained in SCID mice.
Mutat Res., 657(1): 68-76, (2008)

2) Shigeki Adachi, Haruko Ryo, Taisei Nomura, et al. Effects of Fission Neutrons on Human Thyroid Tissues
Maintained in SCID Mice. Mutat Res., 696, 107-113 (2010)

3) Nomura T. Opening lecture, Direct effects of radiation and chemicals on human tissue maintained in super—
SCID mice. 11% Int. Conference on Environmental Mutagens. Page 45-46. Cataratas do Iguassu Sdo Paulo,
Brazil. Nov. 3-8, (2013)

4) Taisei Nomura. Keynote Lecture. Establishment of Prostate Cancer and Benign Prostatic Hyperplasia PDX
(Patient—Derived Xenograft) in Super—SCID Mice” Prostate Cancer 2015, Orlando, Florida, USA, June 22-24,
(2015)
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B 15 - U LRI LD EEIE 7 WA ERCE AT O ST
— BURBRIMEEFE D ATy = X Mg LIRIRIEB R & HHEL T —

Experimental Trial of Establishing Brain Necrosis Model Using Proton and Helium Ion Beam
— Toward Understanding the Mechanism and Developing Treatment Strategies —
WTREE R R EY . m T R Y BRI RIS, Ak
Natsuko KONDO, Yoshinori SAKURAI, Takushi TAKATA, Hiroki TANAKA,
Tsubasa WATANABE, Minoru SUZUKI, Takashi HASEGAWA and Kyo KUME

Abstract

Experimental trial of establishing brain necrosis animal model by using proton and helium ion beam was
performed to understand the mechanism underlying radiation brain necrosis and develop treatment strategies.
Techniques and optimal condition of dose delivery was studied. Time—course development of brain necrosis in
irradiated animals was observed by small animal MRI and histopathological examination. The obtained results
are summarized in this report.
B

T BRIRBESE. D ATy = K LB LRI 2 B L CL 55 78R - U L#R % O T BNEESEE 7 VAERE:
Mz fESL T 272D OEBRIIRET AT o7, AT EAN - b oGt /NE FIMRIIS KOV B AR 12 LD
HERCTE RO RRREIBL R AT o1, TRk 27 - F TN R O A H e T 5,

L S

MBS DR CIL, U BRIB RN FE T I B B B A BT L CWD, LI L7e3h, U R IR K ER
FRR AR R R E N AL D5 B 03D, DT, B 6 # A LABICAE UL H FR ThoINESE
WZDWTIE, RIETREIEDNHENI SN TEL T, BAELLSGE . MEREOEEREENELLIENHY, B
DOAEEDE (Quality Of Life; QOL) 35 LK F &5, AMFZE Tk, HUNBRINEEIED A =X MR LG A
BAFEDT=DIT, B 1R+ ~UD LA W N8 T 7 WAERCEAIR ORI % B F5 LT BRI IR - SR ot
&L /NE FIMRIB X OVE ERALAR (C LD MR SE T i DB 2254 T -7,

. 5
BT VR — e 2 — D ra bl K0

L7270 MeV OB F#Ab LI IERT T e — 2% B L
T ?UABLOT Y MOL KR LT 50~80 Gy DHE By
1To7, ] (]
LICHREHRIPHA R T, v T RS OW T MO IR D \ Bl
3 BHDHUNE 4 mm DIESET, FvMIOWTIE 7 mm OFESE !
TRE LI, Fo. v A, Ty hEbIC, BER H1 10 mm X /& | {
o d

A5\ 5 mm DR EFELT,
S DO~ ARBIOTYNE, K R Buy—cif@isn TORREROLLRS 3 HHE 4mmFET
TWZ/NEI MRI 2EEZ W TROIBBIZ 21T o7 MR Syb: [lEMADES Tmm £ T
R Tl MR IEICAHE 3 DIEMR T DI & DIRZE )3
FREAE R TAIEND, £ T2 MiAEGE IS LT, T2 1 TY9REBEUSYFDO B EEE
SR E g TR E R BB DI HOW TR, 5l &keE
T1 sRFHEGS BT L7,

MRI RO T B P RIRGT O 72012, FHEI 2T 7 A R %A T o T2, TV T 7 A R DN IR E]
LT LIZ~ U ATy M ORHARR D 2 ER L | fe g kg ik (HE Geth) 20 U7 B OBl 21T

77,

ww o}

HURCER R AR TP SRR, 2 (F) N 727 9 () BRI = 0 L — B JE o 22— - BFJE B &0 - R PR B IR 72 2 L — 7
ARBFFEIT . TR S AR FHR T & (A ) P = R — W JE b 2 — LD R RIBFIEL L TR,
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HI #%ﬁio“%i
RS 3 mm O~ AMREED MRI L ARGEBIZLL0, T2 S0l g CHEE/R LN HNADIE, 60 Gy T7

~8 » .70 Gy T4~5#H .80 Gy T2~3 » A THDHILNyhoT=, —HlELT, 80 Gy ZRE LIz~ AD
T2 SEFREGE ORI A LA XK 2 (TRLTWD, F72, T2 MR W& CHEE R LR BENLILDOIZ WL, B
T T1 TG LR BN LN -T2,

80 Gy D7 MRS TIX, I 3 » H C T2 S GICHIfE/ R Z(bA3, 4 » A CHEREL1BILESN
7o T ALRIFRIZ, 80 Gy FRSTRECIX IR CE LA T T D2 LA MRS T,

HE Je 8,12 XD MM 55 AR 2212 ) CL RS 3 mm T 60 Gy 2 LT~ 72T, BEMNS 8 » A 1412,
N DIESE LTI 295 B 3 557 (1K 3) . MR @ T2 MR ES CEE Ba B L AE I —EL T,
BEEIEAE, M4, M TRAE, FRIE, MR E L QDI e MRS 2,

1 month later 2 months later

3 months later

B3 RS 3 mm i'c 60 Gy i—ﬂﬁﬁtu—v-‘)xw 8 'rFl &wﬂ“'w;ﬁﬁﬁ%ﬂﬁ

V. #&5

RE 3 mm £T 80 Gy ZMH LIz~ RIZIBWT, BSH% 2~3 » H T MRI ® T2 5EFHERIZBAZE 7225 bn
BNAZENER ST, IR AR CIE, BE 3 mm £T 60 Gy ZMRH L=~ A8\ T, ADIMEEE:
Bl DI BRI GO, A1 RS 3 mm ORREHEICE SE2EE ML T AAEROR#E L% B8
TFETHD, £, Wik 28 F 3 AbHA~Uw LA - IR ZBR A BRAR L TRV, B T HRED il & &b 7=
EERIR A ED QT IETHD,

EEBUN

1) T. Takata et al., Localized dose delivering by ion beam irradiation for experimental trial of establishing brain
necrosis model, Appl. Radiat. Isotopes: 106, 104-106 (2015)

2) N. Kondo et al., Localized radiation necrosis model in mouse brain using proton ion beams, Appl. Radiat.
[sotopes: 106, 242-246 (2015)
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Boi 1R DS AR Z 33U DARAREME (X< U7z 1E AR Ak C o SR s e Bl RE oD g B
Investigation for Dynamics of Stem Cells in Normal Tissues Exposed to Protons
at Low Dose in the Proton Radiotherapy of Cancer
FAAGER | /T RA, RANEES . HOA B+ KR
Hideki MATSUMOTO, Munetoshi MAEDA, Takashi HASEGAWA, Kumiko TANABE, and Kyo KUME

Abstract

To guarantee the safety of the normal tissues in the proton radiotherapy of cancer, the numbers of apoptotic
cells in the small intestine and surviving stem cells in the bone marrow, which were exposed to protons, were
examined using the TUNEL staining method and the in vitro culturing system, respectively.
LK)

b5 1R DS AARRIZ B W TR E I U2 IEF R O Z 2R3 57 012, B e g #i3< Lz

~ U AD /NG F L OVE SR AL O BB A | E - E s kL e 8 (TUNEL) 1536 KL OVE e e
By AT 2 VTR L 72,

I #5

T ARG ) - B A B0 7288 2 OB O 42 [E 45 HULZ B - RRDS A TEIR B D38 e L CE TV D, B
FRREDNATERIT, TOENT-RESABLOY QOL 12X EWEHEEZ S TWDA., BAR5 EE b ~AliT %<
DFRFLI2T AU DI W GRED D, & DO HTH BN R A UL E TR O &I X 0L AT
D720 AR RIS U2 E AR SO BN REZ IO T HZENEE THLHEE 2 AR LR L
77

I pREORE
1. B/ NG COT7Rh— 258

0.01~3.0 Gy D5 #a 28 A L7 X—R~T20B % 1 B BIO/MEEfH L, TUNEL Jetibiciy
& PR RO /NGRS 24 720D TUNEL B EAiE (7R h— AfifE) ez gt Uiz (K 1 B8RO0 1),

Wi f#% 0~3.0 Gy 28 B L7-~T2/METORRE 247200 TUNEL BERRE (7R h— 2 A flfa) £,
FEEBIEAOI TR B TR AF U CHIINL | AT OFE SR, v = 0.037 + 2.923 x (1 - exp (-0.711x)) D THIIN T2
ZENRBABLER ST (K 1a),

Bt 0~0.1 Gy O

(b)

PHTIX. REH72vo 3.0 T T T T 1 0.35 T
TUNEL Igba—j‘l‘i '(‘ftlfH H/ﬂ (77/_‘]‘3 ]\ }:.Z%gg? 2.923*%(1 - exp(-0.711*x)) EV%LI::ICS;:I;nu/nu, 5 wks, o
~ Y v, o= 0.30 - Proton Beam:
— AR d, BRI 200 MeV, 1.~3 nA
| o mm
emLTHEAL . fi#Z g o 20 4 925 70 mm SoBP
FER. v =0.025 + 2.845 x 0.20

OEATHIMT LR

Incidence of Apoptotic Cells/Crypt

BALB/cA Icl-nu/nu, 0.15

RbiemaiE (B b, 1o s -

o T HPBA~TAD Proton Beam: 0.10
HEE S5~ B 1 i % FR AR L7 pioomm " | .05 i
IRUNCIEEAESS Y i |, 1~3cymn ¥ Rzose T
i 5 720D TUNEL [tk °% o5 1 15 2 25 3 %0 0.02 0.04 0.06 0.08 0.1

N TET = N

YISV

1. HRGHRE TO/MZIRE U7-Y D TUNEL FEiEHRE (7R XHERE) 3K

PRI BRI - R S R - IR I 8 - ORI R 2 2 () A R = L 28 — W g o 27— - AT JE B 0 - T

23 e B 1 ( =) Vo car a4

AL, A@IERTFL (D) EPE =2 NF— it 2 — Lo ILRBFEL L THEMEL T,
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1. & REHRED /MGG 2 720D TUNEL BtEfila (7 AR s — i)

R AR E

0 0.01 0.03 0.05 0.1 0.3 0.5 1.0 3.0

(Gy)

IRE &Y

@ TUNEL [ 0.02 0.07 0.11 0.17 0.31 0.54 0.76 1.66 2.59

e iRk

RE(E) 0.005 0.028 0.000  0.009 0.042  0.047 0.005 0.080  0.066
2. B X< U KRR BB e Al oD A A7

0.01~3.0 Gy DB} F-#i 2 E RS LT X — R~ 275 10 F 5 BALB/GAIdnu/nu, 5 whe, &
SR 1 B BICKERE 24 ML TRk in 2 i i : W8 Ir, Day 1 ]
L. B B IR S AT MC IO AR IR LS - 200 Mev, 13 na
O N0 A AR T L7, g 02 Jommsose ]

B 7% 0~3.0 Gy &Y MRE LI~ AKBE IR 8 13 Gy/min
U7 BRI IO AT, 0~0.5 Gy £TIHAE g i i
(ZHLL 0.5 Gy BLEORE TR ITBL+5, - s
T7ebb 0.5 Gy (HTaZlRETH s R32E 3
BB (K 2), £, FRCATRIZIT &
AUT= 0~0.1 Gy OFEPHIZH1T 5 KB R A AR o1 E E
OWANZ, FENTORER, v = 0.548 +0.470 x exp (~16.3x) B ]
DA TEINDZENTLNER-T2 (K 3), 005 ——+ 1t 1 1 1 |

o T 1A~ T ADIEIG 51 A B L7 B
DE OISR B E BEAILO EAFRDOHEE T
SHTENMGNEIRoTZ,

m. #s

AIFFED K FLY, X—K~ 7 AR IS4 V=%
BRBG T RRIRIRIZI VT, /NIBIRE 472D TUNEL B
PR (7 AR h— A lR) B X OVE BE AR O £ 775
B IE R THD/NGH DL E BE WIS 55
EOHEENHE CHHZENREBEIND, T/ B L
Ot B R2 A T 08 DR L7 D IS O R T 1AL E
TOHGHE LB ITINLE T DG EOWIEHRED il
HABE CTHDOTENRIBEND,

S RITEBCX— N~ AR IER 2 N - R
TR E L, AR 2 LMD DV E
PENEOREOHWIZIEZ T HONEAGNIL., B
BRISAIRIRIZBIT D IR W AR O R B E< o2 ek
ZRREH T T R Lo THART A2 AIE LW
EEZD,

SHIZEH IO TR A LTS 1
07 A RO ATFRERO T a7 7 A LD
BN C O HURRR R DNA HBIEEHE O RS %553
HIENTE, B R AIRE O SEE U CIER IS
BRSO N85 2D,
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Dose (Gy)
2. ERGFHEETOEHHRMIZOETFE (0~3.0 Gy)

25 3

I T I T
BALB/cA Icl-nu/nu, 5 wks, &
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09 70 mm SOBP —

1~ 3 Gy/min

Surviving Fraction
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R = 0.984
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2.2.1.5
IR BRI T O AR KT DR RRIEH O 2 R TN BE 32 bRt
Prediction of Effects of Charged Particle Irradiation on Cancer Cells Under Hypoxia.
TEE R AR MRS E AOKAEE
Yasushi KIYONO, Tetsuya MORI, Hidehiko OKAZAWA, Kyo KUME
Abstract

The charged particle therapy could be an effective therapy to the cancer cells under hypoxia, and PET could
be an useful tool for prediction of that effect.
LK)

IR R EREE T O D AR 9~ DR B IR IR I LR 8 R FE D 582 2 (T SA W 7RIa IR LT 72 2 T REME
MERNTES AL, PET & W22 DIER B THIO ATREMED RnEshnrz,

I #5

HEHRRBIERCAL B TR E A A T HIREE R R T O AW T, KL - RIRE~OMFRHIIEFITK
XV, FIT, Kl %f)ﬂiﬁ—l\_@ D A FI I~ D RL - B FR B O A #h i 88 LTV positron emission computed
tomography(PET)Z LA TR AT HI0D vl GEMEZ FLRERI I AR R L 72,

1. ik

KEGHAAMBRE T D Colon—26 LA A FRILEE 20 % GEF FRFRIRE) . 5%, 1 % THEL-, TNE Ok
VR T TR UMM LT, 0, 0.1, 0.5, 1, 5, 10 Gy DS F-#1, (RFBERRH DT X FrA RS, RS
H 754 B R OMIBE ORI 2 L 2B 22 U, IRFESRTRICE 2T, 1 %&%@%ﬁftﬁ%w_
Colon—26 1ZxfL. 0, 0.1, 0.5, 1, 5, 10 Gy D5 1-#1, IRFRHDN T X AL, B HIZ PET 3AITHD
BR-FDG BLW BF-FLT Mg ~DEREELA T LI,

M. 5%

IR EL DO FHAIOFE R, X BRI EE CIIM R IR EDNMELAR D12 2N T, MRS K FSEAERANA EICK
TLTWAZERBIESNTZ, —F ., B RERBRRIBEHECIE, BRRE L MO EREITED
DI oTZ, SHIT, BARIRE 1 % T, X BRI EEC L GRS R B AR IR CId, MRS A B ITK
TL TV, 1EERN BTN 28 ETCld, PF-FDG O BUAEERIZIB T, X BRBH TIX 5 Gy & 10 Gy
DOFRH TH EIZBUA B O T ARSI, mﬂe\ﬁ%%ﬁf 1 10 Gy OB TOABGAREDOH BRK T AR
Bz, BF-FLT OBUAERRIZBW T, X FRIRE TIX 10 Gy ORK TOLAEICEGAENME FL, r,ﬁ
FUNTCIX 5 Gy & 10 Gy O ST CHEZRBUA BEDIK T ABIE ST,

IV, &%

FRRZ O FHORE Foid B HRRIREE R EREE T O A MBI )T 2 R BV RER DS &
AL TV, *jif TBFRN R T RORFHIIBN T, @O T HIRE SR EO PF-FDG 3L O *F-FLT O%
NENOEBEICHBEREANROLN -T2 83 ERFMO RELEZTHIMLERNHLZ LA RIEL T
W5, _@J%ilwloé:bf B5 1R RSB, X SRRSO BRI ORI N R F N B 265,

V. #E

LA RRIBRIE DS U SRR ISP UM E IR B S92 A 7R iR R LR D AT REME D R &N T, — 7 L TRIRBV T
HIZBWTIE, BWRAHREON AHIIZEEL Tk, BRI THINATRE TH D AT REME X RV 2SN =08,
EERSM DXL BN L E CTHHZ LRI,

RIER S B L —EAE e L — P (A BRI LR — e 2 — - BFFE B  - RL R EE R S L —
ARBFFEIE, HE IR A& () B PE = N — e o — O IR IE SRR D FEf LTz,
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2.2.1.6
K55 F-FR D3 AU TR T B R ATE 9
Clinical Trial of Proton Therapy
AT 2, BT RP OPEE RS AR
Kazutaka YAMAMOTO, Munetoshi MAEDA, Fuyumi ITO and Kyo KUME
Abstract

Proton therapy clinical research has been carried out in the Wakasa Wan Energy Research Center as one of
research subjects using the multi purpose ion accelerator complex of a synchrotron and a tandem. Follow—up
has been done after the past treatment period between 2001 and 2009, which is reported down below.

LK)

B RN — A — TR ESILTCWDE BT v 7ahay < X7 MR O @ TR F —
BRAAE LT R B IC BT ISR EDO—BREL T, ek 14 DR 21 4 £ T - #RER IR 704
Feha L7z, RIEE ETORBBIEOR A FLDT,

L HE

D30T, FeANETIE 1981 AELUBSE T RK O 1 fLE7e>TW5, ElibiE SN EILL TWAZELEE-S
T, AR BT BREE DR B O @V RS R EE 7 E D HE ML TETHRY | BEO D2V AIRIRIETHL
FHRRERDOE R OB FRILEHNEE O,

ERE =RV — e 2 — (WERC) Tl J 1 /150 B TRy b =5l &5 - 15 32 80— B LT,

HEINTWDE B rabay 27 MlidEgssd ATz Is AF5EE 2L TVad, miz\/bﬂ% AFE
—A%:j(xﬁczﬂib HFHA OIS HD—2E LT, SR 1AFE LV B 7R D3 AR IR B R A 402 BAR L 7=, WERC
TORG R ABRHERRIFTEIE ., B ENC BT D85 - #RDSATR R IEE O KOG FV EERY | FRFIC
H AR Tl H A D b5 B 1R e B R B 5% &7 D48 HE WS TIR BE ks - #RS A TR B # — & RIS S Bl 7%6
TR A LT, HUl SO B 2R O,

WERC T, ¥k 14 BT, B SLBWERT RO G BaiR 2 E O 2 VoA A T3 27290 OGRS
BREUTRINIARDI A 6 BN LB T RRIB AT TV, BRIRAFZEE LTI 15D DAL 21 AR T, i
MRS A0 49 B, FERIRE S A 6 B, FEANBaGE S A 1 Bl TR AR TER IR 2 9206 L7, BESEER N A
BB RS AARIR R IRAFFE D G & LT ha— L MERR S IL TN, BREEAFZE O BRI HIs ., EEICH 1
FRARIRZAT S TR BT 20 o 7o fEFRESTIRBE G TR A TaiR 2 — TOIRERMIZE B 720 WERC T
D BE DGRBS T2 VAR T T LTz, OB LB T HRIG 2 2 T TIE B OB B 2% 4 f
72728, TR T 1% 5 AR A XTIV E LU THERL 26 42 T WERC ICB T ARGREBIZ DM T Lo, Lz
3o C, WERR 27 AR FEITIE, A2 BRI D 7 — 2R I T Tl

. FiE-fER
1. AINCRRDS A

AR S AE BN LTI, BINZIR IR EIE RO —EIT T LA 2 J7 W6 18] 2.5 GyE, 1 4[5, #4

WA 67.5 GyE DL F-HRIBE 2 i L7-, 72 B AR AR O BIVE R B0 B & das T A

*&iﬂ%&f%i%ﬁ“ét&) PR AR IR E RS O BRET BF i /N e A T o 72, FT2 8Bl O BG1-HRIR SHECRTIC
X, ANZARHBO Xt CT ATV, CT [ A N R AL E RO A ke L CIERE L7, BRIRIRBREL

TIEAZ 14 AEFEIZ 6 BT LB TR IR A SE M L7203, BRIRIFITE LTk 16 4FRE~21 AERE 320 EL

72Dk 51~79 O BYE, 4901 CTHD, AR OB E LU Cld, BRSO EE D R AL 4%

IMIHONT=DIHCEELRRWER T/, 26, MBS F RN EZE T 75203 T/, R HIM%Z

OB EE L TR ECEGRTEED IR, MR EDOFRBUIRONTZL0 0, ARG EE VBT

DI EEREWEAITHRE ST, TR EL TIX, Phoenix 2 (JREZ DR DL T L7 PSA

B 2 ng/mL LA EHEINT2EFREHE) T 1 FINFIEEZWS =23, PSA [EOBINO AT, W5

() HBRE = RV — R JE o 22— - AFFEBR JE 0 - BT MR IR 722 L — 77 2 @ ST - B T AR 7 —
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B ETIEINETDOEZA AR EDILK | 5B O HBLE WS 7o IR BF T RIERO bt T
W LSRR EEFE R IT 98% T D, IR IED 15> 7273, BINLARINS AN Z D CHITHME S TR,
JFIRATFRIT 1009 THD,

2. JFHRES A
JFABRE AR I, BT, KON ARG D25 mED, 18] 4.5 GyE, 16 [F], #&#t & 72.0 GyE D51
HR IR 2 LT, PRSI BR LTI RAE O T D I [ # RS 24T~ 7=, IR i 6 41 (B¢ 3
B, P 3 Bl; 63~745%) OIEFNZXT T DEGARMFFC A Fht L7z, BREERALIZFHRIAE A A 0 FFF 13 e
RENT RFTHIERIL BRI ThHo7om, RSN, FFAECMER , PN TR, thmstians
TEEMNFETL TS, WERC OIFHIIEA AIZ)ET 57 aha— L HLE CrXRl—EFNITE M TE5H;
FHRRENE 1 BT THhY . IR A DIBIEIZ B W TIINTN R FHEF R ~OX RN EE ChHHZLx
T HRER BT,

3. FE/ANHERRATA A
FE/INRIIR 23 AT LT, BT KON AT 027510 X0, 118] 6.6 GyE, 10 [A], ##2 & 66.0 GyE @
BRI 2 FEhE L7, FREHZBR L CIIMERAE R D B O MR [E R B 24T~ 7, IR FI2iE 77w
BAED 1 BN B BRI IR 2 FE5E U T-, s (I AE P ) IR 0sE e Lie s, A RS2 589
ZREIERITME SN TEL T, AL B3, 8B 1O HBLIMER IR > T2 DIZhin A B
RITHESNCWEE BN,

. #5

WERC 28T D5 1 #03 AR R ERIR I 78 O M Bl I M R 26 92 B2 THE T LTz, Bl & e B STiBE ¢
DB TR AR D F 72 D 72 R B L T,

WERC THiFTEIz CT EifgE VWAL ERD FIEIE, BATIRBE RS ATERE o 2 —IZHhE A,
A B BINEHRDSASEFI D4 Bk TR S TS, MERDIZEE AWV COD HRE X #REE T
IR BRI TE ARV D T, BINLIENIC SR~ — I — 2 E R AL T, 2N a L ERD O BENAE LT
WHRIEE DI, LInL, &R~ — 1 —Z RN RNIZHI AT DIRED DL, &F~—I—D% 5 Cldk 1
BROBRESAR DR IEALTHZELFHNTUND, CT B Tl BIZAR B A2 E G LS DH0 T, Bl X
BRI\ DEWIEREIIEINT 208, &R ~— T —S2 0 H L7 T B BEIRD N TELD T,
AR HREIZEA LB BRI EORIER OSSR fIieL72 D, 20 CT MWifga VAL
B DD IR, IS A 70 & WAL E T O B IS OFEFNCH IS AN ER L CETRY, BAmFb TEd bR
TV R LD IB AR DRI W CHILE DN E, FEREZ L . FLSA ORI IERMEIC
B i BB 272012 CT BHBICE DN E RO R Al KRG iEE > TD, Fio, BNLFEFE T, AE s
PNTHKIU T, VB O FTREME R B X DAVDINOEIRIC X975 X B & R LR L2 s vl
>R BRI IR R L7 5 T-RR R DR A RS 2 IRNT R BE O M B R B 2 OAGR A1 CHElE L TV DAY, WERC
TERMSNTZBED AR RORFERHIRZRTL X BREG1-RRA TR G FRE U, MR A7 3R 21 8 U7 F2 B 5
I, BIEDBAICKT D X BREGTRROIEE B OEK IS HZFEHEL TWO<HX TEHRERT —ZE/2oTND,
A%t WERC Tl f& ISR BE s A th it 2 — LHHEL | BRI I EEE 2 DD SRy 5=
B LRl | B R AIRIE D RBRIZEH 5L QO P ETHD,
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2.2.2. RiRRER S BT O & BEAL AT
2.2.2.1

BoF-BRDSAAB TN I B FE 72 FREF TR IS LT B AR RE R AT oD B 26
Development of a Verification Technique of Highly Accurate Dose Control in Proton Beam Cancer Therapy
AR L RIS BTl R AR
Fuyumi ITO, Takashi HASEGAWA, Munetoshi MAEDA, and Kyo KUME

Abstract

We aimed at developing a measurement method of a dose distribution during irradiation experiment with higher
accuracy in shorter time. We took a photograph by using a video camera. And then, an emission intensity were
obtained from these photograph by using an new image processing system.
LK)

b5 1-FRO B 53 A7 % 8 5 B 72 FUE CHRUG T 572010, A EIRICRER L, 20RO 42 874
AAZIZEOBAFL BRI 7 8T =7 % TG AL ER AT > 7o, BHGALERIC I EAG U 7o J6 iR B L &
Z L UToRESE Bo RIS R D H AR D FE TR EE DS R ) I D 2 & A fERR LTz,

I ¥5

Bos - RR IS ABIR D i FEAIC RO DA FEB R O —Br L LT, AR FH DS 1L IR 72, VT VA2 A LR G
OB BN E=Z ) T TEHY AT LD ZMED TS, SR 27 EEE 1L B i B An i E H ffr oo
—IEL T BNAREE T A HAT THRE L, B 7 M W THROERERIEL 2 DR AT 577,

A0 g %

II. iSRS
O FIREREL P OHR
By T 7 5 — R - AL SRR 2B LT
BHE AR LT ORISR 5, O F-5 ()% f#
AL, BEREIZ1~5 Gy Ui, KB FROR ARIE
ETANATTRREL, BHHFOTL—ADHEREH LT, &

8
¢)

(o))

T T
oo

1

N
>
1

oo

Emission intensity
(counts)

D%, BB T image-] IV CEHEAMATLC, 5K T
SREEZISL ., METRREL L7z, Fig. 1ITRFX512, 3k Dose (Gy)

JREE LR B B I LB BRI D T LA AR LT, Fig. 1 Comparison of Dose (Gy) and
@ VT NHAALCTE=LY T HDDY AT LAOR% Emission intensity (counts)

1/3 A4 F CCD AT LL V REHLAEhE T, BEBICBITABES ML) T NZA LTSN T T
DY AT ABZEICANT T, LabVIEW Y7 by =7 (A AR FSat v A A A ke %2 VW T, CCD &
AT CHRE Ui % | PR IR CXAINCaviE R IR F T A8 -2 ar S LB P Ch b,

. #&&

EF AN ATE AT, B RAv s SIS IR S BR O R BUS T5 8 21, B 7 MZk->C
B RNDIE SR T LT, B R LD E AR DR 5 B LR R B2 LL i 2 L HLBIBAFRIC B |
LD BN B R DA T DT R TE T, 28XV T NAA L THE=LXI T T DI DU AT
LOEREBAT D,

235 ik

1) FITO et al., “Discussion of highly accurate dose control”, Proceedings of the 109" scientific meeting of
JSMP,2015, 35(1),65.

2) FITO et al., “Development of confirmatory method of proton beam dose distribution”, Proceedings of the
110" scientific meeting of JSMP, 2015, 35(3).

L) #RE ) VX — B o — IR SEBR R R AR E R JE S N — 7 2 ([R) N Ty
AWFZEIE, (A M) B8 = R —BFge b o 7 — DM@ R D OZFE 2L L TEMBEL - D Th D,
RFZEIE. JSPS BHFZY 15K19216 OBk A= 1F7-,
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2.2.2.2

B RRIG IR IT DBRR RN TR RS FE 1) LD 7= D i =R VX — G -# CT B IS EDAI5E
Study on High—Energy Proton CT Imaging System for Proton Range Calculation in Proton Therapy
VERAIR™ AR AL R BE— AR T HHE  BROREE N BT RAI AR 2R AOKRIE
Teiji NISHIO, Sodai TANAKA, Keiichiro MATSUSHITA, Masato TSUNEDA, Shigeto KABUKI,
Munetoshi MAEDA, Fuyumi ITO and Kyo KUME

Abstract

We demonstrated proton CT imaging system using plastic scintillator and CCD camera with 200 MeV proton
beam provided by the synchrotron at the Wakasa Wan Energy Research Center. Proton CT was reconstructed
from experimental data with FBP method, and the materials of objects were distinguished qualitatively.
LK)

B CT BN AT LD EFEFFREL T, BB =X — et 2 — Dy v rabr Al L0t Eshg
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ORI, Folx RT7IAF I BEMET  promey  QDIECton R
BTk S TEWRT —T VLTI, Y07 (Wobbling)  Taple et
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1) U. Schneider et al: Phys. Med. Biol, 41, 111-124 (1996)
2) S. Tanaka et al: Phys. Med. Biol., 61, 4156-4167 (2016)
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WL BROME I E H AT B 6
The Development of Measurement Technical for the Particle Ion Beam Quality
TR RGBS 22 AR SRAEAR | BT H SRR ACKRAR ™,
Youichirou MATUQO, Nakahiro YASUDA, Yoshinobu [ZUMI, Munetoshi MAEDA and Kyo KUME

Abstract

Measurements of target fragmentation reactions by high energetic charged projectiles (proton and helium) on
CR-39 plastic detector were performed using nuclear track technique. In this energy range, the target fragment
has relatively lower energy compare with projectile fragment, and will not be detected by routinely using an
ionization chamber in therapy. The CR—39 detector is acting not only as a detector but also as tissue equivalent
target to imitate human body in our experiment. Energy dependences of production rate for target fragment
were verified in comparison of proton and helium beam. We also developing a tissue—equivalent dosimeter
comprised of oligonucleotides, which are short deoxyribonucleic acid (DNA) strands, in liquid solution.
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B R DT IR GH S AT AEEALICE T 522 HIEL T, R FRR O E R E BT 2Bl 75,
CR-39 B A I EIR O AL, HCAERR LI AR B B DBRFE 2 HEtE S 2,

II. =

4, CR-39 FEABWEM O EmEILE LT, B RRE~IT DHR O RS T LD AR IRF D43
TR E L A1TY, Fom AR U= A SH A DOBFE L LT, DNA = RNA ZRE I 2HENM ThdHD
[FVITXIVLAFR | ETHEWE | ks A SET-WE %2 T SRR LD BRI E DG & N O & 47T

i3~ 2 E k& B 5,
5.
6. 1. WFZERLSE

(1) CR=39 @A BV H A o AL

B BB R DB AEN THRATDIR PRI DI G | BRI 52 LI K0 A sRE VAR IAZ I A
R DM A HEE LT, ASHRL I 13, ASPRL - LIRIF R CEER & A2 R o720 | HEAYIE 23 5 T,
TRIEIZIUVTUS Bragg peak KDIREICHREZ (T 595, FERIZMI 1T, =X — 23 3E I AR = D 12
ENREETHY, WrmFEIXI5I1Z 1000 750 1 FRELEZE 2 HIHH Bragg peak HOE DRI THELZINESD 2,
JRPTHNC RERIREEAT 595, Flo, ZAUTEBEF 22128518 5 O & E 7 2 b= CIE R BRA IS E
D TEIRWRG TS, B~ L% AFPRI £ LT, CR-39 #Ha8% FH W CTEERYEZ AR i O E )3 T BE
ThHIE, FoAUT ML DEHIRERED G AR DZ LD = RF — R AT T DL Z D DT,

(2) HHERERR U= A AE R E O B

BHEEREOAVI IV AT R eWE Ths 6-FAM (6-Carboxyfluorescein) & fEAfiL 7= 7 /L%
F SRR LD AR BN B DORIEG Be e o e R TRt A L VEHI T~ 5 FIEAE B L T\ D, H30k
EAiAYTXIL AT RIZR L, ~UT L5 (220MeV) & O v~ #i FRET L BOGERX 7L AT ROYIWHZ -
THAULDENIREZRE LT, ~VT LB IO <~ B OV FR O I, 6-FAM O E LR E( L
em=516nm)A L5452 LRENTZ, — 7T #OEWE 6-FAM O i iR oo rlREMENZ 2 B, ik 28
PR T PR ELME ORERE 3 L OVE W E D HU R R D AT BEMEIZ D WTRET 5,
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CR-39 # H ez T CHERGEZ R O E N T RE T DL, FT-~UT M L A R DS BB D %
NIEVHZ RN —RIFT DI EE DT, SHIZENWE 6-FAM ZEAF LT B E %2 VT, ik
LB G EATHL T A B LA,

KU KM T BRI 1) T2 22T, *2 () B9 = VX — B JE o & — « HF 2B 850 - Ik g es
AKAFFRIL, (AR FPE = 2N — i FE o2 — L@ KR e ILRIAFFEE L THEIEL 72,
ARRFED—EBIZ, JSPS BHFE: 25820447 DBIE T 7=,
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2.3. BE-EWE
2.3.1. FEM - HHEDOAF L ©— LB RS

2.3.1.1
HEFRERHC T D v -H2A R FIEO ST
Establishment of the Procedure for Detecting y “H2A in Budding Yeasts
"
Keiichi TAKAGI
Abstract

The procedure to detect y —H2A in budding yeasts, applicable for flow cytometric analysis, was established.
2K
HEFRERHZ BV T T r— A RAN —Zh i ] ATREZe v —H2A B FIEA L LT,
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e RF 1 D 2R BB FEA LN BT 57-5121%. DNA BB . BLOREDOZEBNEERE R/ 5,

Y -CREM OHIIECIL, 7/ 2 DNA DMBEEHC ARG E 2135 L ., B ELICAFIET DEAR
H2A DY 72 A7 H2AX N R b A 321 T Ty ~H2AX 72 5728 . Zia DNABE OIS L+ 528N T 5,
BERECIE, H2 12 H2A, H2Z D 2 Y7 XA FEFEL, H2A 73 H2AX (22445, H2A [E, DNA 5495115
129 fr DBV EEEENU B E A2 T y ~H2A LA 2R EHNTND Y,

AR TrE, BERED X BRI 25217 72 D DNA {5~ — T — y -H2A % B RV —F—BafEL. BLW
70— ARAN — TR $ 572D DIEARVERNEZ MR | WA 520 H CEOEAE R FIEZ L LT,

. #4 8k T71E

LA ENCIX, HEERERE(Saccharomyces cerevisiae) - EUARE YPHA99(E H IR & S Il THFIEAT K0 40538 %
Wiz, ZOEKE YPDA B C 1 B BLERIAEE#(B0'C)L ., WG 0.3~0.5 1ZELZH0(4.2 x 106~0.7
x 10° cells/ml {ZFH 24) % SEBR I V=,

BB LU-RFEIBRERE 1.5 ml OAZYa—Fry T/ ftE&~ArnF o—7 2B, 4 CIlamEitg, X SRIRE 25 E
(MBR-1520R-3, HAZAT 4)NIZEWREE] ET X BRI (ELHT R LF—0.38 keV, FREF ca. 6
Gy/min)Z1T-72,

FR 1% OBRIBIIE. 30 C DAL Fa—2T 30 LfIREEEL, 4% /THRALLTVFEREIR T, FiR., BT
T 30 AyMIEEL. Wik, A 70% =X/ — VIZE#AL T-20 °C TIRFELZ,

y ~H2A DR HIIE, —REUELL TUHFHy -H2A HUARUART 1%, “IRFLALL T AlexaFluor488 i
Eu\PLrHX 1gG Prik(Life Technologies fh)afif U 7= 8 SEHUiREZ FV =, FIEEZ O R HIZIZ—Ik
iR L L T AP AR H3K4me?2 HiA(Life Technologies #). Ik HTAREL T AlexaFluor568 fi&m Xpi~
v A 1gG Hifk(Life Technologies )% Fl L7-fE#3OtHUAE . HOWIIEE B EAA] SYTOX Orange (Life
Technologies #1)% FAV 7=,

Yett ke OB OBIEITIX, b — W — I SIS LSM780(Zeiss )%, 7r—HARAR)—|ZI%, FACS
Calibur (BD Bioscience fH)Zf# H L7~

1. FEFREB L

BERRIE~ T U H T B-1,6-T Vv h s X TF NS OMMIAEE A FEOT- 60 . DO FE TIIHUAA Y
WIZHEAN T HZENTER, EZCHF X, PLREIR O H BN HIREEF O B -1,6-27 V2 % 53R+ D%
% Zymolyase THREFREE/SFELERZITVY, FfREE DN T T T AL$ 5, LovL, 20 F ka1 H L Tl
BEASERZBROZG A AR L 230 E T THEAEDTD, 7a— A AN —~OJE H XN EEThH D L
Bz Oz, £Z°C, Zymolyase ALBEZATORTIZAIREH KOH ZLBRL | MiRRRERK 53 % 58 50 IR 73 f L 7= 7%
Zymolyase ALBRZATUN, FlfaEEZ 7% U7 IR RE CHUAmE FH 2 3 A7,

) BB T RN X — W5t o Z— - WFEBR I - AL IR SR
AT, (D) B PE =X — WS o 2 —AE R D DOZFEN JEL L TEIEL 726D Th D,
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FT PR DOREVEZRIET 72O EER R T o3t e a b LT, EXh H3 1TxF 3 580K, i
H3K4me2 & VT, v ~H2A DR A ATz, ZORES, $T H3K4me2 S 613, FERRST X, FRET Xl 5 e
TSN 1 FE), ZOZEND, FURITHIRNIREL . RN OHUR(EAR H3)EFEA TELZ
EDHERRS I, By —H2A d0E1E, FERRN X ClIHoMiaicss< Ao 1 EB/E), X ## 200 Gy PR
30 3 B O TIRTIE T R CTOMM TH A RO 1 B AE), STy ~H2A H# DAL EIL, HTH3K4me2
WOEDONIEE—F L TR, 2O R, v —H2A 1T X BRIRE 1% OB RE T D LR S NTZ, L
L. PT H3K4me2 O I3 55< (K 1 k., HEeH), 72— A RARN—IZHV % FACS Calibur O Y52 T, v
“H2A BNZ BIHFAELT 6, 87 aAN—21280 it H3K4me2 8t YERRINH LN DD >T0, £ T, G
112 SYTOX Orange & FHWCHEOLBIER A T -T2 2 A, Huy —H2A 9256, B a e bICHR 29 e 3 5o
72(% 1 FE%),

BT, ZOY A LT A 7 0 — A AR — TN T T2 2 A, M E A2 L7 DNA & RBeAN'T
L&, By H2A #IEDCANT T LEFGHZ LN TET(X 2),

FEERSY

r-H2A H3K4me2 WTF 5

XRFETRGY

* wrasonam
X#2200 Gy #g4
30 &
X#200 GyHR5¢ 30 &

r-H2A SYTOX Orange WHTFH

X##200 Gy fR&d
30 ok

2 7a—HARAN —DihE R

EHIIERR S A . T ERIE X R 200 Gy FRST 30 4
% DEANT T 2 RT, A RO IENZ 1
DNA &, y -H2A &% fefihix HBsEEZ R~ 7,

1 vy -H2A O ye8
(A — L 3—%, 10 pm Z7=1)

V. {5 S
BERED v —H2A [EEE PR IEEZ 7o — Y AN = T 5 FEEA NI LT, 5%IZZOFEEZHW T,
FERE Ok BRAG R & 28 BRI 2h 22 L D BALRIC B 3D 2 2D 5,

SR
1) Downs, J. A., Lowndes, N. F. & Jackson, S. P.: Nature 408, 1001
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2.3.1.2
AT IR BRERI A LA AW E DL E
Material Production Using Nostoc commune Mutants
HH 2 !
Yoshikazu TANAKA
Abstract

To contribute to the development of new medical & cosmetic products, terrestrial blue algae (Nostoc
commune) were isolated from Fukui pref., and some useful strains were isolated by ion—-beam mutation.
2K

AL EDERICTHF G THOHH T, @ARNICBWTEREERE CH LA 775 (Nostoc
commune) EEITERE L A4 B — AIREHZ L THEE DA Bk 2 157-,

I #65

Bdh, R LR S BRHEPE S R e & O, AT E A S 26 W E AW EIRIT RS | T ORERITIH
WB LA TR TWD, FRAEREBIAD AT 2777 (Nostoc commune) 13, T <ITHEESTREM LU THIHIILTEZD,
BB ESPEEFHOT-DITITH HME D EFEN a2 @D DM BN G D, RKIFIEIL, A48 — LM
\CE- TEHHER AW % SR CEET DAL 777 DB R U, A AWE O LRI 52
L HELTIELDTHD,

. RO

Wk 26 LBV TEEEB REMNL UT-A T 777 B AERRICKI L T a b RO —R DA F B — L%
FU, BT OEREEGLZ LM KT, D95, 2000Gy D7 B BUINZIT T2 FEKRTlE, %O
K% BG11 7L —h RIZJEBHL, 24°C. 50 p mol m™®s™ DIEGAFEFC 7 HMEFE LI 1% ., $4M% UV-B (305nm)
ZREGE RN 922 L2 Lo T B AR L R TERAMR MR 23RN &8 2 HNDE O AR EO -, K
BECIE, SR E ChH~ AT ARY R T /R (MAA) O & - BB LIRS, F72, 1500Gy O
T —IR L BE AT T2 BRI DI, A KBS T DA BARE G Z L0 kT, ABERITIRAREE T
IZBWT, iR K an=—2 B E T, REOZIEFHAEBRPICHWT D008 CThDH, ZOHKE:
1 RGO BRI KV AR EBRE L-HE 2R EER 80ml (XL C 2 (FEO =X /) — L&z T-LZ
5. BERORIRT Y (R EER 0.2g) 21552 L0 K2, 2N A KIS AR 5L BEAFHIAZ R E AT S
7potz, ZOEHIE 40mM MgCl 2 N2 52 T AL L, HEDK) 160 5D /K &R D ZEAVHIA L,

. &=

A EEL T S AMRIHERR T AE B BN LD 55 RO et BRLILEN DD, LD &5 W
FRIZ. B IRETE T <R ORI EA M R DT-OF L Th D, 5% ZOZHFEOME
LT HEEBIC, I AR E 2 HMET 5,

.
B _ Vo d
.ar o 'sr A of ¥ ]
S .ss o« el .ar i
Se[ re| of| es| e x| o5 e
02 [ 85| S
N NI
BT SRAMBRITPERR 2 B#& RGO L= 2 e

#1160 fi5 DK 3 2 RFF T2,

) B T RN X — W5 2 — - WFEBR I - AL IR SR
AT, (D) P =X — WS o 2 —AE I RIDDOZFEN JEL L TEIEL 726D Th D,
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2.3.1.3
IRFEIRIBE EER Y SN F oD —DVERLL
Fabrication and Installation of a Sample Changer for the Irradiation of Carbon—Beams
S MR B, Ak BRI
Keiichi TAKAGI, Masanori HATASHITA, Kyo KUME and Takashi HASEGAWA
Abstract

For efficient carbon—beam irradiation experiments, a sample changer that can mount 15 samples at once was
fabricated and installed in the irradiation room 4.
2K
IR IR SERRHRN EER B D721, 156 Yo TNV A ATRER o TN TF = v — A ERIL | I E
43R,

=

&R AP = 3N — ' Z— (R DD F =X — R 2 — A TR BAA | BT D 2
FEDOAA LB — LEFH FTHETHY, BEREH)A /X — T a A& 7 17T AR AR RO BESEAR R B RIS
A7 A EFREIT AR OMEEE |12\ TIE, AR 5078, 3L ORI B REL IR 12 H T RE7 &
[RFRZRDT=6 AW CHRISTHZ LM AREZR LET 60 keV/um O R FEFREIARITH 25T 22RZE B ootk
DFFNT 2> TND, 1 TR AT RE72 R B ARO /K PTRFZIZFLZ 4.5 mm L ¥—F v hETHOT RV
F—HEEPELT DO KREEVH LEDOZ—7 b E TORMAELSTHZENNETHD, TDI=, [Fa—
ATIRFBIREBET256 ., WEESSEBTLZENTELAL — LD EIZ o I F o P —% 5%
BEL, KRB HLBEOX—7 v £ TOMREEZ ML CIRE 328 E L C& 7=, 27 LEER OV 7 L F =
VU IR KFEE Y VDY 5 T 2o BEEIZIRE S VR DN ENHY T AR
BT DEIN~ L A A DB B SEHHIEN AL T,

T A7 A B FEI AR ORELE | TlX, ZEOA XY T IVA~OIREE R FEhE TEDHIEEHITR
LTS, ZZTHRNFEBRONFNE X D0 | K E 15 OV T NF Vv —2AERL | [Fla—2AIZ
LEFTHIEELT,

Il. F%

VERIL7=Y o PN F 2o P —IE, Y T VREETE .
HHIBEIES , HIE R TR SIS, Yo T VR O
(X 1100 mm THY, SRR FEBRI A U2
FALTWAHMEE 60 mm DARYAFL v —L &K
15 EEHcxH(H 1), Yo7 VEEHE R E . B
BRI — AR LD HERR TE DI H AR D AE O f+F
=B HOT 7V VAR —REROAHITTEHAL TS
(X 3), FIFEARSIAEMIRE STV T iﬂi
T5720  BITEROREEERZ WO 1ITHZEH AT HE
Hb, BEE)HOF—F — I — L LD B RET D
7o EREE — AN Y 2520 FEICED AT ST
BY. ZNSR[EZ—ZDOIHL — LD FITEOAFTS
b,

1 W VARG & i A A P TNTF 2D — DRI T S T T rmy
v a—Z RO HES AL, B ES P A B ([Rl=— 2 W) LR OIdEsHIE =) O 2 @GRl 6E
L. RS ATEIUIHIE R DICEVITHObDE LT, TEET OFEMZ BT 57260, H IS —DDIARD M

AR BB RN — T 2 — WP TEB R - AL IRATTE 2 | 2 (W) #8003 —RF JE b o 22— - AR FE BR 0 - L - B IR
FIN—7 (@ NET v
ABFFENT, BRI A /= a AE T 07T AR AR RARK PEZE ARG B TG ) A4 X7 AT R (R R O EE | 0 — &L TEMEL 72,
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2 BT NF oV —IT ]y LA R YT L 3 BREEEY T NALE TO RS ES

o 2 O AW By FaA—F— alA—% Yo T NFERERINA A= 7T — R BT,
FIZRZDIROTAANTRIA E R H OV —H — BEEE LT UL ELC 0.3 Gy(FE) BLTN0.6 Gy(£)
~—H—"Thb, D R Ffa R LT,

TITFAT LR, T IOT 4T R OUIVEEZ L, B TO I ATREL LTS, SRR EHIEE L O S 1, BEak A
ERA~OBFMEDE co-link FERTITHOIL TV, Sl RIZIZT 74/ N TlE 156 OB ED G E S
TWDM, SRRV 7 KT 5728 B5 18 CER O BEMLE 2R E T DI LN A HEL 2> TD,

Bz 92 TN A~OE — AOIRBA BT 5720 BETIRFIZIZaY A—225 E L CHREZ1T(X 2), X312,
P TNTF 2V — OENEREREITHT-O | FEGRICA A= 7 TV — e Q0T | BRI 21T 725G
Ramd, ZORBRCIIREE T 7 ANLE CHRINEZIT o712 % . B o 7 NALE ~FEEGT A BB S, B
EATST2D BED S 7= RS B B TOE — AR O N LR ENT-,

. &=

VERILI=2Y o TN TF = Vv —% T, A R (=R NUNC IR ER A TN L 7=, BLE, RS L7/ R D
5 AR RN KRBT S AT e 2o 2 — DB T th T, H28 1T LN MEE s
WA AR OEE A ST 5 T ECThD,
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2.3.1.4
AU B B A T R BB o A e
Production of Novel Antitumorigens with the Use of Cordyceps militaris Mutant
BRIEIZ T B
Akihiko SAKURAI and Masanori HATASHITA
Abstract

From the viewpoint of practical application of nucleoside antimetabolites, cordycepin production by submerged
culture was investigated using Cordyceps militaris mutant. One of the mutants obtained by ion beam irradiation
showed fivefold increase in cordycepin productivity in the submerged culture. In addition, the derivatization of
cordycepin was examined for the improvement of cordycepin efficacy in vivo. Several derivatives were
successfully synthesized with carboxylic acid chloride.

LK)

AWFFETIIRIL A R RZIRAREHE A O FZ A EOBLEN G, 2V E U R EISARET DEUN S, 4
KNTOHIEZFED DD DNV EE L FHERO AR E A RT-, X 7R TOaVove AEZ B
ELT, AF L — LIRS 2 D TR AL A2 R o TomL v e @ AR ERR OB AR ETL L Btk 5
R OEFENEZ R TERRETG U, £, DV BRE L O Ta e OFFERILD ATRE CTh o
7

L HE
LR EENEETOHEEYE ChHLHaL v (K 1)1, PLIEE D0 TRBLE., SivA VAR ED
B & IR AR BRI A TR T 28D, RSO REE B L (B O R U THIFFSIL QWD LIDLR DG, R
ROL M E BN EFET L)L T %ﬁgf&ﬂo Floan e O ERER (4 U B O R HARN)
DHENLSIL TR NI END | /L ORI BT DI 221 TEA TV, ZOTOERELIT, 2Lk
B AEFEERR OB A R U, IR R m i CaWVAEFEMEZ R T4 i E B SR OB IR T Td, L
MURIS, ZOERDZ L 7553 TOLD R DA
M E LR, — 7, o vves e~ HO =N’
WA R ERNTIET T e T TS - N 5 NH
= LR ST A A B r%MEEF*fé%/\ﬁ%éo N6 2
IR E L EET HIZ0ICIE, 2SO A R 4 |

RL., KR Em<IA ﬁ@mb\:ﬂ//“tzl:/@éfz?ﬁi 3Na. N1
WA DL, ST O KN TSR % OH Xy
EDDHIENUE ThD, 22T, AR ClE, X o5

\ZEDanTwe A PED T D& H AR Bk O/EH 1 LV O

&L TR OFFERIZ LD S RETEDOAF 512 Do
ThETLTZ,

.51k

p——— v
1456 - e '8
SRR REBBR GBR) L LCIE, DARTOBFZE T LA E R B

e — AIRFHC K> TR Ui A R kg 2 A& R B
Cordyceps militaris G81-3V % FHU =,

B

TL—b BICHES T2 G81-3 £k CHIER) DR ITA A
B — A (F 1k 600-2000Gy; H—ARL :500-1000Gy) % R
FHUT-, WSS 1 OB R R 2 3 BR S N ORI RS Ll BEREL | B i
RS A TR 35 D A RO B35 1 (R L e A 2 IR BAL S F S
PEME A BT I35 AR BRI LT,

RIER TR LA ZER S AL R B, 2 () #9808 = RV —RiF ek o 2 — - AR FE DR S8R - AL G PR AR FEE |
ARBFZEIT, AETILFEHFFE I L LT (A BB =N = JE o 2 — DR R A LI R TR L 7 7ED—E Th D,
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3. DO EERL

XU DITHEARD TR LR Da U e AR RS 5.5
AR EY B X O S IS5 (K 2) THEELT, sol
BEARIREIE 25°CEL | IR IKICITFE R =X R v
~X%iﬁi“kﬁ‘5?€@%ﬁﬂb\to HRELT-aLIwr

ALEATECRERIL ., HEmLERE L,

FELTL 'L D 6 NEZOTINMLEH
BIEL T, VAR CBREALY) BV R D %
TIToT0, VRV EREAL E LT, EicEbA o4 1.0
JANE RN, AT VB F N DT B TRRILTZ 05|
#% . NMR THESE 2 TR LI, ] ﬂ

0.0

L R T T IS °
LA o83 4 UE EE AR ORI

Tah v — L BE LGS ORI R IZE DAY 3 BUUREEBABEMROAI)—= 7
— =27 TlE. 1000~1200Gy TlIBkkEFIFLED=L

CHEVEAEET Db DI oMb, T o~

XHOIIAA 5T, 1500Gy TIRARHZaL ke & k(_?“ w/)\(NHE

BEMEDS <., BURORY 15 (504 REME R b0bib- N

7=, 2000Gy FRITBL 1ELA L TERLZE REITELN OH

TRinoTz,
— 05 =R — L& BEL-5E121E, 500Gy T )J\/\/\/\

B L R DL DB e A M R H D135 cl Py

DAIVIZD FFE T REEBRKITEL N2 o7, 750Gy

T3 IIR TN BRIV R A ERTED o

L . —N
ST ZEREE CT50b0 TIBRED 5 7L A pEdk: 0 N/_ "
ZRLUT-, 1000Gy Tl A 8728 BRI D {)\I/ n/\/\/\/

45|

J

4.0+
1.5+

)
)

aLCEE U EEN

[1T]
s

_
»

d

AY)

ST, ZRBOFER I, CTH0b0 Z &L rE:%E FZE Bkk =OH Ny N O
DFE—ERELT,
2. AN TR D ERLL K 4 L v dFEROER

TR D 6 NDOTIFET LT DI
i 22 D J1 VIR B % A C RS SRR LT, T ORE R IAE U CHEEMIRIEETh oo %
w(ﬂﬂ%&%é:&czw\ T FEETNR L BEEAC O SIS T T D2 e o T, VIRV BRI E L
Wb A 252 74N AR WT 80°CTRIGSEAEFUNE R NHa/L v U R ERITIE R LT, RIS
7AT**;$KL H-NMR THOHrL7=&ZA, 6 LD NH, \ZH K95 7.3ppm OB —2723 5L, 1ppm 5D
B AT L ATH T D= BB TCNDBZEND, TR A 72 I AVEENMEINLZK 4 OREED
NG L TETCNDIEN R TEI-,

V. f&5

IR F mEG RO HE RERRICA A — 2 E BT 528128 o T, Yo 7RIl Lz oy
EREE BRI T 22T LTz, FTe, VRV BEAEaN O RS EHIEIZEY, T v
b=z BB OERUTRIILT,

SRIT AN U2 78R R AR O RSB R LN L CaV U A ESR A RFTT 5 T ETH
%o Fiz, ANV RE L FHFEURDO G A O RE D% IZ, REAZITV, FEARO AL EEZ T 5F
ETHD,

EEBUN
1) Hf HSEARML, 4 th 5 RO ZRIRAE AR ] OV D8 AR D REA& 15 | FFRTH 5343264 5 (2013)
2) M. Masuda et al., Efficient production of cordycepin by the Cordyceps militaris mutant G81-3 for practical

use. Process Biochem., 49, 181 (2014)
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2.3.1.5

A= LWL DI HSEDOT —F7 —A—RFRT A7 7Y OBFEL AR R U7 U 1L OB L
Development of Tailor-Made Breeding Library of ‘Yamadanishiki’ by lon—Beam Irradiation and Breeding of
‘New Yamadanishiki’ for Fukui Prefecture
= HFFRRR, EdE—

Kotaro MIURA and Keiichi TAKAGI

Abstract

It is hard to grow ‘Yamadanishi’, the brand leading cultivar for sake brewing in Japan, in Fukui prefecture,
because of its low lodging resistance and of a problem in the period of ear emergence. Therefore, we are trying
to develop ‘Novel Yamadanishiki’ for Fukui prefecture by means of the ion-beam breeding.
2K

KOOI T 7RI, TR A O ENOEH R CTOFIER L, 22T, /4
— LEFFEE VT, @R CoOFEEE U= U L B8R OBRRER ATV,

=

KA LA SR 1%, B ARDEEE KO T T TR ThHD, LA bZ 0 Az FEH T L L o
— R HIIER I SR DAL TS | A8 H IR PN 1 S A il e e B R | L R SR A A A LD IRIN TR AR AEER S D
213720, IHHE NI E AR <D0 WO EIR L0 S B N2 L Ch D, F-, HEE 3
WD LFE TH A7 | & FHF RN TOAE CIEBFRMIMNIREIZ SO SN G < RECK DI 3T DM A
WD, ZZ T, Bx A — 2% L OERFHACF Y E Z A GO 5H T, I HSICE ROk
REREREFR T T A REETIAT TVEEEL | BESCHRAEOIEE A G T 528 TR R
W OAEFIZIE L7 DFr L SR OB RE B L TR 2 32l 7=,

I AL T ik

BIOKBEE I 13%NTFHEE L/ L BRI A | 8 RS =L X — e A — DL E =L —
BRST = — 2% U, 450 MeV DR FEE —L%%9 30 Gy/min OFE &I T, 100 Gy, 125 Gy, 140 Gy, 160 Gy %
LT, Fo, BRIFELTAA L E— AT TIERL EMS(TF L AZ L ZLR R, 40 mM), MNU(AF /L=
bR, 3 mM), BLODEBRF L7 &, 3 mM)E VAL FE BANC LA BFEE T,

FRET U2 A R OFEFE, B H RN KA E TR BRI TE B 2 — O B IR TITo 7o GRESHAR H27 4F 11
A f1A)~H28 4F 2 A K),

AR OB G NI, IUEEENSHIE L= /2 DNA ORI —r P —IC LA 2TV N (Z T8
AA NGS MY —ER), A R B5TFT —FX—A(Q-TARO, http://qtaro.abr.affrc.go.ip/) TR L7= g H
ARED R I BB OB A EIT-T2,

1. FE LB

R FBRRIRE | EMS ALEE L MNU ZUE | 35308 DEB AUEEA A T 7= Fl -2 B L, 2920 A D7D M2 28 BAs
FaB R LT, RFEM 100 Gy, 125 Gy EHAE(ERITITRE AR EEI T2 57-(94.1% FBLOY 98.0%)78, f&
125 Gy Z MRS U7 Ml 7 CIIFR T3 57.6% MK T L7-, ZOFREFRED AL 100 Gy & 125 Gy DEFIE AHRD
FErR ML= H O THHEHERI SIS, EMS, DEB ALBECIX, ZE173RIE 85%A1#4 ThaFi=RIT 90%Hit4 L7e->T-,
MNU ZLBECIE, AEFRITBEZ T ETIR T L, FeFERITBLZ 4% F TR T Lz, 728, faFERIZHOWTT
AR EREL LD ADNAT AR DD - ThY | Bl EE S X T LA BRI RkE BHEK ML= T
ITHENEE 2 HID,

YNSRI NAB R UASE R - A IR - AR IR PR A e o & — 2 (A ) 0B = p L — B Je e o & — - BF R DT - AL IR AT
JE=
ARBFFEIE, AETUILFEDF TR S L LT (D) BB = — S 2 — D E IS K S L3RR CRMEL 72 JE D — &8 T D,
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LI $RDT ) DEMTIZIS VT, ARSI TS B AR 7 ARSI & B e D8 6% 72,040 FEPTARHT5FIC
LT HEEEICRI -9 2B EFON., BEIEICIVEANECL MRS D 9 BlaFaHELZED
A DT NOBIE T THOE BB AL 8 h BRIFULHE I A BE N ZL > TINHDBIE A
BERAHZET, BAENULIZE BREDPEOND ATREMERREWNEEZ X LI,

FRICEI 5T AZENHEESN TS 3 BIEFICOWTH, (LHEY VAT ThOEE L ERLTE
59 TNBICE BN ECAZE TIREN L LT EE 2SO N5 Al REME N D Z v bhoT=,

F 1 WY, RRICBEE T8 FOIEES /L EOLROA I

BIEF&E |REH EBIEFID BErE LA EDER
Hd6 3 |0s03g0762000 s L
Hd16 3 | 0s03g0793500 i ML
Hd17 6 |0s0620142600 i 30
Hd3a 6 |0s06g0157700 i ML
Hd1 6 |0s06g0275000 i ML
Ghd7 7 |9184534-9187187 i 30
ehd3 8 |0s08g0105000 s L
DTH8 8 |0s08g0174500 i 30
Ehd1 10 |17533310-17535191 i mU
d18 1 |0s01g0177400 2R ML
sd1 1 |0s010883800 B L
SCM2 6 |28357085-28358456 7R ;L

V. &

Atk My B RAEMZ M5 S TREFL . RBVHEHA T 59 T AR, Bl Mo B B 15
—ﬁ—o
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2.3.1.6
BRI L6 FNTF 2y OB
Mutated Breeding of Eucommia ulmoides by lon Beam Irradiation
TEAHESD 1L SARMRAE 1 ARy L I —
Yuji TOKUMOTO, Nobuaki SUZUKI, Yoshihisa NAKAZAWA and Keiichi TAKAGI
Abstract

Mutation breeding of Eucommia ulmoides by X ray, proton and carbon irradiation was carried out. Survival
rates of irradiated individuals were decreased as increase of dose in the case of all radiation source. The
germination rate were not drastically changed through all dose examined in X-ray and proton—beam experiments,
on the other hand, abrupt decrease of the germination rate was observed in carbon—beam irradiation. LD50 of
X-ray, proton—beam, and carbon—beam was around 75 Gy, 60 Gy, and 20Gy, respectively.

LK)

ISAF KT U ARIA I TV AR FER T DN 2156 U R ILER A TUNZEIRAE BARDAE 23 A T, XHR,
1R IR BRI LD ZAT ST/ L X B B8R CIEIRST BN CAFRITR T L7z, X BRI,
BLO B FRRRS TlE, BIFRICKRERE LI A D) oTz, —F TIRBRUTIRA BTG CTRIFER, 4
1FREBPHFITR F LTz, BEBUBEIL. X #2T 75Gy. B F#2 T 60 Gy, [ TIE 20Gy Hifg Th-o7z,

L HE

N2 TIRFPEDO I IEm AR CTHE, B, RESICAGRIROE D LA ME Ak - BT DR M E R,
ZOBHESRIRITNINT 20 =T AR — LML, NI ARBIDORI AV TV B R e T ARG TH D,
BUE, NIV ARV A 7V AT T 7 52 RN A BRI LD BGES D03 ) I e T o AR A
L (NAF T ARNAY TV ) DHEFELMIGIT T DRI RE W, L L, AT RTUARIAY T LD
TG I OBHHEPEEITOINTIR, KV ASAF T ARIA Y TV A EVE BT SR BE 38 LR 23
MEEEXIND,

B M2 ORBEZIZITH 10 9DONRAA T ARIA Y TV NE END, b2 REZITEE, fEFEICED
INHERTBEZR Z EMBIIEAE B BB LI BRI TE | NAA TV ARIAY T L OFREURMEE L ClEL T
%o 2D NF a2 EANAF TG ZRIAY T L D AFERER 2T, & A BEOMDIE) G ER®EDL
VRSP BT AXDOREVEO BN LELN, AWFIETIL, M 20 &M EHO A ANV ARIA Y T L D
B AEEERR O B REA B A, B T RRAVER IC XD N 2 22K SR O VERUZ B AL A T2,

1.5k

By IR - 255 XORRRR ST, X B RESLE B (MBR-1520R-3, H XZAT 2% V-, i, BLOVR#E
FRIREHZIE, M8 IR PEE = kL X — 2 2 — O A m =L X — B a— 2% AL, 2o
FRFE D T L X — LR B R IT, X 3 52%) 38 keV, 5.7 Gy/min, #2725 200 MeV, 2.5 Gy/min, REFEREH
500 MeV, 30 Gy/min T o7,

AEBROMEILLT, 2014 4£ 11 HICKIRHTTN ThF 2 Mk L0 LI N2 U fi -2 ] Lz, hF =
FE I PRETFEBR T LT 20 Rid DV, BRI, N oD 141 % O R i Z RN D A21057 iR LR
LBEATUN, IHIZ7Y— 0 R F N TIRE KIZED 20105 % | BEE I /ERK L 7= Murashige - Skoog & /A%
Hh (Murashige -Skoog 5 IR A1 2.2g/L. AgarGel5.0g/L) IZFEFEL 7292, 16 5[] < 24,000 /L7 ADBHHAL 8
BE ORI A7V FC 23 FEICTRIE-ABFTIET, RGO 13, TERHBROMEZ IR
FRULABIEEL | HIFRER L,

M. HE 5
NF 2D D TR B R DI ML, SN ETHESHI-FINEETHY, ZD7- 052K BARO B FE
W LT RE R A RO DT | Fe IS X RRIREHC LD BB A S~ B ALBRIZ-HE 20 k23D, 0, 100, 200,

HURBR K Hitz(OSA D) B BATIERT, ** (AR #7083 —RF Je e o 22— - AR FEBRA T - AL G IR TR =
AWTRIL, (AR BEPIE =X — T Z— R KF L3R CEMBEL TR D —E TH D,
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400, 800Gy @ 5 WIHR L CULERAA TS 7= A5 R, U 20 A [RORFERITAR M L 800Gy HH OFE 1

TIRIERICEEZ R L, L L, ZO% BN EZLEZ 2 TOEETHRENIEFOREFE L2050 EFERITAEL

BAT DN Gyinotz, Fio. LORWERE CTORLERA FE S0 L7555 X BRIR S CIXRETR &AL T

LR FRITIE RN TR ALV OIZR L ARZEHZEICESETOAFRIITIFEARAMIIL T L (K 1a),

[RIAR D SR 2 551 M VR BRI KT L CRAT T Fe B 7R Clt X BROBE LIRER OB R 23 fbi, IR

SHREZHINSE TORIFERIIEALE (L LN — T AFRITBEFITEKTLZ (K 1b), L, REMRT
IR FEREAGFRIZEGICHBEREIISC UL TL, ZOEATL X B, BRI TEL» - (K 1e), —

77« KRB OFEHI L TAELFERDY 50% FREELR D R EDY, X #RT T5Gy FREELR>T-DITxL ., BT

TIL 60 Gy itk IRFEFRTIE 20Gy Rtk &72o7,

a. X#8 b. Fory (BF) # c.
100% 100% 100%
80% 80% 80%
60% 60%
40% 40%
20% 20%
0% 0%

60%
40%
20%

0%

0 25 50 75 100 150 0 25 50 75 100 150 0 25 50 75 100 200
mRREE m R e

BRFBRITIEED B EF®RICIEFD REFHEICIEED

B AEHFELERR B R FEREHR = AREHHFELRAR

- AEHFEFBEGE - ERIEEERE - RFER AZHFELD
IZIGCTET o HETEE - 60GYRTE |E259~1'00Gyfaﬁliﬁﬁ§=j‘ﬁ

. CEMEGETSGYRTHE . 25GyBlEORMICES jELFC.-\L'C‘fE—FA

. 25GyLAEOEMICET  BE. mEEERE T AEUL:25GyATE
B, REEER

1 MEHC R D383, AR

V. &%

72 BERO B2 BB, o125 L, X B, B5FRR. IR B BB 21TV R B il a5l 2
7o EOMBRTHRGHI LV AFFRITR T LAY, X B B F# CIE AR E o ft &N Tl EFER0EFL
WE I DN o7, — RIS IR T2 U7 i5 | K5y, SRR FICELZE T, FNICERS
AT 3853 %% A GRS TR IR IR AR CHEA T T~ D5 0 IR E WD | TR A~DREPMED > T2 D TIER0
MEBZ DD, IRFBRRIBH TIIFIERLEHICREUR FLTODIEND, IRFBATNTF 20 H 7N TDNA TS
TR EDMDOHIEN G RAH =X A KE B % 52 D RetEn R Sz, o, EFE~D%
ZIZEALTH, IRFBAT X OB FRREVD K& B% 5 2 7, PEATFRLDS0) T T 5L, X T
75Gy Rt B #CIL 60 Gy Rif% Tho7=DIZX L, IRFFTIX 20Gy L THY, [F—DAEMhi4E 52
BDT-ODMEN 1/3 LT Th-oT-, LD50 ZHRIELLIZ5A O X . BI OGO EAR &IX, 75 Gy, B
LW 60 Gy FHETHLHEEZ LT, EAFHBROERIEEZIRELE T DZENLVRBMOGH | A RIOFEFRT
VAR AR IR O TE S S TRV, 10 Gy BA T TIRZRW W DEHERIS U=,

V. 55

ZEIRIE L\ Z XD R OVERR T Bs T A2 A OF) S BUFE, AL M0ICHIRES N F % B
HCHRAKEBEREITHYEERTIETHD, AR M aU O ALEEE R IR EFREOBBRER DL
(X0, N2 OF B REETTO IO O E B BT — 2 DT, MERIU- 28 BRI BAE | 35 Al
LB THY . S %O E &R CHRERNT ~EHED TITE 720,
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B T2 AR PEYEY B OPR R LRI Z BT 3558
Studies about Searching and Evaluation of Physiological Active Substances with the Use of Fungi
JHR B
Masanori HATASHITA

Abstract

It is well known that B —D-glucans from fungi are effective initiators of cell-mediated immunity in humans.
B —D—glucans isolated from various fungi differ in their chemical structures and consequently in their
immunomodulatory activities. For example, schizophyllan classified as a medicine, 8 —D—glucan extracted from
the fungus Schizophyllum commune, stimulate the immune system. However, it remains unclear what the
molecular mechanisms has occurred in and what downstream events are triggered by. In this study, several
extremely rare fungi are focused. Their culture conditions and irradiation conditions were exmined.

LK)

HEBEHROZHERE THD B -7 V7 AT Z A LT dE SO DO SRR 72 BRI E L L TB LTS,
il x ODEHENOHBELT B -7 VA NTENENDCFREED 72> TR, EORERE L THRIEFE/EH
DEIPDHEINTND, 2R, Aea 2 i Sz B -7V ThHY Y 747 X EH G ELTE A
SITVDA, ERDGIE RIMEATHZENHLMNICENTND, Lol EDSUGIZE D IH7253F AH =R L
DMENNTWDD), FEEIUTHEEIN TR IDT 7 T IUBE FIRO KISZIZ D H LD AT DWW TIIRE
R THD, KT TIL, WL<OPDHFDREFHBZTY LT T ENOORERMEBIOAA B — L4
KT OV TG LT,

=

BIR DT BRI R ATHR BT AR E M OB £, EEEEL B AL @R R (T UAME
T0) DFENEESTETCND, EDOHDO— DS EL G R 7 ET D% /2% (BEE) @R MDD,
BRI & e EBEEE DN E FNTODEE DIV TNDD, AV —RERRICBEL T oS Tnd
HDOD | FPIRERICOWTIE AU EEA TR, Bric e BB EMEZ R T E 05 /LoD AT REMED E VY,
B FEH RO FHRO A BIE MY E (GLE RIS A OB Z & &m0/ BAZ L LT, RAF%ECld, B oAb 72
HEBEZIY B, 2N OOREEEMOMST, EEWE O, A4 — ARHE OV TREEIT o7,

. RO

KWBEE HUTHr Fv—0, TFabA~A4r, FOMEIEL OV WEEELE O 17 OEFEY
AFL., ZNEDOEEESM (ML, 15E) iUz, BRI E 7L —b E TR L% 0an=—DE L
AR L L C, B AT VT AUSK U TR LR 2 D E LT, IR ICBIL T, WP o BEEHEICRL T
25 CH LIV EFER L,

EEENAPET D E RN HE, WIANSHE, RV T =) —v T RS BT 5 5 AN 5T
WU, B DEERIR B, W E R AL OBUKIh B L O — it &b+ n
FNEN T DI EER I, FNH0 5y EE AT D FiEAHENL LT,

AF e — DREHC L DA BARREZATO 72012, BREEO B R 2T & Lz, 7L —h L CHEREL
TZHSR RIS L, A OREERT X #, Taby, I—Ro B —L2Z2BE L, D% Oau=—DE R E LTS
(2 BB BN S SOBZ FRMT U B FE D B A 5 D HUN S - B Bz LT,

. f&s
ARORERTIX, au=—OR R EEZFEIEE LT, BRI oA F B — AR SRR EEBHONI LT, 4
Bl R LI FE SRR O E B2 RIS ZNOOLFEM/2 M2 BETL QUOKILERH D,

) BB T RN X — W 5e e o Z— - WFEBR T - AL IR R
AFTEIE. (AM) FPE =R NF =gt 7 — O ERE FAFEEL TEEL/IZL D THD,
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JTRADT T ZEREIINVAD RN i
Response of Starch Accumulating Callus derived from Kuzu to Plant Hormones
S —
Keiichi TAKAGI*

ERIE S ORFEEY THHM, JFEL 72D 7 XKBIR O 2 T TN MBSO IHES IV TERY , A BRIFE
DI ZPBITHOTNO R UNMESIV TR, FOAEFEIZIT, H#Y 10 ELLEORERBURDBMETH
0. ZOZEDNESRIFPEDME R DA FEZ N EEIZLTVD,

I T, BIMAEEDRALEXD B BT, AT R PED 7 X (Pueraria lobata)fi {67 > 7 a5
TINVADWESL Z kI, TIWVETICHIRE RO 1%0<DT > 7 U BT DIV AOIEIZERIIL TD, Rk
27 L, ZOHNAIZINEL DT 7 o BRI 5720 , i o)A E OIREAZEZ Ml Ic
RENDTIRTFAND BEFHI LTz, ZOB VAL, BT 7HL CREB(NAA) 1.0 mg/L, NP7 7Y
“(BAP) 1.0 mg/L A& TeE i THEFFL TUV5708, NAA OJEEEA 5.0 mg/L ICHI NS AL @i ka2 LT
WDV ADEN ALY, TIa 7 FANDERE B2 DIz, BAP OREITT7InTTAN
DOEFEREITHTT DB T D 7a AR EE TII AV AOBEFHEEE DMK F L=,

AT, RV ORI BB HIEERFIL, X077 U EBOEW VAR EIEOMWNL R BT,

() BPIE T R X —WFSE e 2 — - WFSEBH IS 1 - AR IR AR =

WY BE RO E HIE L2 DNA ~— 1 —DBR%E
Development of a DNA Marker Improve the Efficiency in Plant Breeding
FE R B FRRL, SRR A2, K B k3
Yoshikazu TANAKA, Katsuhisa SUZUKI and Takashi MIZUNO

FE) D BREIC BTG B B M I SR A IRPUME A E SRR TR B0 | Fl gy 2 aRaE)
DN SFELL R EATHT2D D T EAERD TS, ﬁzﬁ"—wﬁ&fﬁ@@% Zk0, BETIIARE AT 23R
BHEZN, B E DM ZFF o0 503 % DNA LU CHIE I REIL 2o T2, 2D 1EE WU, FEkD@E
B & b ORI AR ) DR E IR 72 BT A SR WIRES AT EE 72D, AWFFEIE DNA HIEIZHND
FeEH A (DNA ~— 0 —) Z RO H L Y EREONFLIZFH G THIEEHETHLDO THS, Fl
(HEFER 25— %) AR I, ﬁ!ﬁﬁ@%hﬁ W &R — IRV DR THD, ZOT=O B0 B AR DR A
RIEE2D 2 A RGEI B R FIENR B L2, T2 CTREBREIToTWDH ARy Fl I T,
Z DO R E 2 H rTEEZR DNA ~— B — DB E RA T2, HBLRMBI O F1 OEELHIH L= DNA100ng
WXL, 10 B 7257 T A~ —40 FE%E% AV T Random Amplified Polymorphic DNA (RAPD) iE41T-o72¢
A RBRIE F1 IZBWTOARHELT2S DNA Wi 285352 L k=, _zh%%:l—*/ﬁ LT
DNA BeH 2T~ 25 RBIFRHE F1 3515850072 DNA WX [E—BTHY ., REFSRHEORE Y sE e 138 dE
FEDBENNHDHZ LN ST ZOENIAE I THITZIC 22 B 57T A~ —% R 5L PCR 21T o 7= f 8.
SRR ONFL TH 700bp DE— DNA W2+ 52 &ﬁxtt'.;léto BEH R 51T DNA WA o HahE 1
DO, Fio, OB ZIE R PCR IZHWZHEICE W T B A7k A5 TRy, AlfERL
72 DNA ~— 7 —|Z& - T, B>l F1 i *";E?ﬁ)T i Aoyl

AR #RE = )X — BT o F— R SEBR R - A BRI IE oA F— T a MRS, B T T T 7 — A SETO
AWFFEIE. (A BEPE = f X = SE e o A — DT oA 2 —Fat Wk &tt, 790V 77— 4 SETO L3 RICHEN L 7-#F 75D —
THD,
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2.3.1.10

T uARF RS FEAIRCET D y ~H2AX O
Detection of y “H2AX in a Seed Embryo of Arabidopsis
S —

Keiichi TAKAGI

ZESRARFLIE . DNA 50 DNA HI =7 — L2 DEEIRRE THRAET D, LIeD> T A4 E—ABEHTLD
TEIRB BRI A 72 3% T, DNA HBEOKRIHITIER I KERRETH D, L O™ EICIE, BREDZ
DDA — ARG AL 2 LT T, LinL, B FIROMIaIX, &0 78R, fRIRL, 7 7 R
TSI TCNDT20 | B IRIZAE U2 DNA #1502 OEEEFES | DNA {5~ — 1 —oOHiikE AvGa
PR 22 LT IER ICREECHY , TN ETHE G,

FZCARMIE T, FE IS D DNA 5K A BT 57-8 . D rA XX F(Arabidopsis thaliana)? s,
B2, A E— a0 X BERKL, BBEZWKSE/E 0 DIRERf L T, DNA HE~—h—1y -
H2AX O SEHURIEIC LD Z AT,

FHUTZIRIS R L ThL y —H2AX FLIRERIES D FIAZE T RLIZEZA, X #7100 Gy % FRES L7-FE 718 T,
WK% 2~4 BERETCIE v —"H2AX 2SHEEZENICR S8, K 1 B Tk IEIERDIe<iRbZ 8
o7z, LU, f RIS E T, WK RO TO FEMEIZBED BT, 5 %IT, Bl FIESER FIAOMR
FIEATV, HRFE 2k 240 B — LIS LD, FE IR D DNA {50 DEEIRERE B BNILT
<,

() BPIE T RV — R SE 2 & — - WP FEBR IS T - AR IR ST 25

2.3.1.11

AF e — LREHC I DB SO LRk B
Ion Beam Breeding of Vegetables
P AR KT ARG AN GL™ B 2 T B, o R
Yutaro GOTO, Tomohiro TANAHASHI, Keiichi TAKAGI, Masanori HATASHITA and Yoshikazu TANAKA
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2.3.1.12

TEF- B 2 ~DAF o — LIRS LA E W FED B R
Development of Commercial Varieties of Flowering Plants by Ion Beam Irradiation
JF B @i, SR A
Masanori HATASHITA, Keiichi TAKAGI and Katsuhisa SUZUKI

KA BT R DM B FIWAZ LIS ED, IRE LRI W TR A DY E R EETAZ N TENIE. £
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DT, 3 WMFEIZOWNWT, BEME GPN, H&fE NBPN, B4 RMR &4 L., Shiseko HEZ To72, 209
5, HEE GPN, H 48 RMRIZOW T, SR G B2 B THL KB, B —MER MRS ==,
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2.3.1.13

R BRI A A DX BN DOFE TS VB ERDAI ) —=
Screening of Seed Storage Protein Mutation from the Progenies of Carbon Beam Radiated Barley
FERAMCT | Hh R
Takashi NAGAMINE, Tatsuya M. IKEDA and Keiichi TAKAGI
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2.3.1.14

AT Y — LB LD B TSI R B2 BAAR O RS
Construction of Heat—Resistant Fermentation Filamentous Fungi Mutants by lon Beam Irradiation
IS FNDTL e/
Masanori HATASHITA and Kazuhiro HOSHINO
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AR RSN KD AE A HH O S TR B
Improvement of Ornamental Flowers by lon-Beam Breeding
FEFESHIE™ | EE—"

Takaharu FUJII and Keiichi TAKAGI
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2.3.2. FH4) T 55 B L fiv BA %&

2.3.2.1
T 1355 B 2 DFREE AT LD BH%E
Development of Cultivation System of Vegetables for Plant Factory
JH T B &
Masanori HATASHITA
Abstract

The plant factory can produce vegetables all year round by artificially controlling the cultivation environment.
The new halophilic vegetable for plant factory was examined. The cultivation condition of it in indoor hydroponics
system was revealed.

LK)

R T30, BESBRBE A N TAYICHIET 22810k~ T B34 BB 722803 T& 5, FiW) T35 2

WD D DLW T BIL TRRETZA TV, S8 RS T35 10361 D35 R IF A O LT,

=

KA Bl 218 1 E 72\ V2 TE AR PE SO SR 1% L\ o T M A ORE) T35 TR S LA B SR IT s A
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T T35 =L — AT KA
—AF U — LI N L35 VEW O 248 B s LI A FEE DML —
Experimental Study of Energy System for Plant Factory
—Production of New Variety of Vegetable for Plant Factory and Establishment of Cultivation Method—
SR B
Masanori HATASHITA

Abstract

For labor—saving cultivation, the use of tomato which are able to form fruit without fertilization/pollination is
essential. Producing new varieties of parthenocarpic tomato plants (Solanum Iycopersicun) by ion beam
irradiation was examined.
LK)

Mo R B D JTHMICI, ZEESE LAV L CREE TEHN MR DR A R ThHhDH, ABF5ET
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AL TIE, AF L E— LRI EZFIHT D2 T, S EESE BRI SR T 8 A ES ATRE e & b
BT AN RO B RAETTIZEE BET 5, BIRIOHETIL, 4 ZHEOIT b~ hOMEFERE 112 X #% 60Gy,
FEG % 10Gy FRETL, #5R, Hiak, VRS TRBEE L0 0 h s, HEEE2 L CLRE T4
HIEIRWRFEL DT HIEERD | X FRO G X T 9 i, RO X T 7 BEELNIealE LIz, &
[BlE, Z D% DR EZ DG SRR L DB RN OV TRET D,

. AR OEEL

ATEER S LI EEE2 L Ch, T2 b 7270 REEE DT D 16 fEIRIC OV TE, FLARZ U CREIRDHERE
Z o7, EREICEEAR O[T Z RO ML CTHEZ R, S, /EEICREHEL T2, 2O T,
Bk BAR DM 2 RS 7272 o ToBR DY S T 728D . T USITERE N O LTz, S5, FEXF OB FE DK
WEZ DT DER, TN FEZEH &5 TIHARWERL ORI, 3 ERE TR LT, Ebid, Wit
AOEARS BT AR ST E IO 00 | REFENLLRVWEEZFITHEIETHoT, 20 3
TERINOEEE D 2L, 2N HOREEMEZTHE L, TOME. 1 SORE T, TRV T,
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BATOITFT A h~ MO T, IRESZICED 90% UL ED 35 BRATRTHDOD | S TITK 20% D75 5
RULNVRSIRNoT2,
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R IT A~ M 2 RS T A ENTE-, A%, SRR A B A A1 T,

) BRI T RN X — W5 2 — - WFEBR T - AL IR R
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2.4.1. NEEZHEAT DO BHZE « = E AL

2.4.1.1

HHTE TR — e 2 — IR f Rk DO BLR
Current Status of the Accelerator Facility at the WERC
PSR B H AR

AR L AR /N R R YRR (L A SR JEMUHER T Rk A

HEFDZS, ALEARR FnE— A

Satoshi HATORI, Tetsuro KURITA,
Yutaka HAYASHI, Hiroaki YAMADA, Tetsuya ODAGIRI, Makoto HIROTO, Masaya SHIMIZU,

Fumiyoshi YAMAGUCHI, Masao YODOSE, Shin’ ya NAGASAKI, Kazuhiko YAMADA, Yukihisa MARUTA
and Kazuto WADA

Abstract

After creeping discharge on the insulation column of the tandem accelerator in November 2014, it had been
difficult to generate the acceleration high tension more than 4.5 MV and the maximum voltage had been limited
at 4 MV. After the finish of the machine time in fiscal year 2014, we removed the damaged surface by the
creeping discharge and changed the potential fixing method, however, it was impossible to generate the voltage
more than 4.5 MV. We had another opportunity to maintain the inside of the accelerator tank in July 2015.
Although we found other discharging marks to be removed, the discharge occurred at 4.5 MV again and the limit
of the acceleration voltage was set at 4 MV in FY 2015. Total time of the generation of the high tension
amounted at 4190 hours.
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2.4.1.2
rrabha ANE G JE AR A R AR IR B O 4R
Phase Oscillation Induced by Phase Noise of RF of the Synchrotron
SRR
Tetsuro KURITA
Abstract

[ found that the phase oscillation of beam bunch in the synchrotron at WERC is induced by phase noise in
LLRF system. The problem of the system is that a frequency multiplier amplifies the phase noise. An
improvement plan is discussed.
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2.4.1.3
ARSI W5 E 2 — A58 AR B 3B 014E
A Positron Generator using A Superconducting Linear Accelerator
g JER B A
Eisuke MINEHARA
Abstract

A positron generator using a superconducting linear accelerator has been reconstructed at AIST Tsukuba.
The JAERI FEL group had originally designed the superconducting linear accelerator system about 26 years ago.
The reconstructed superconducting accelerator system has been operated successfully to accelerate electron
beam.
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Physics Research A776 83-86 (2015)
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2.4.2. INEREHIH BT Bt O BA%E - i B AL

2.4.2.1
I #RZ W) T 2E S HTiE D BR %
Development of Lithium Quantitative Analysis using Accelerators
ERARBER ., R, 2
Kohtaku SUZUKI, Yoshinori NAKATA and Keisuke YASUDA
Abstract

Quantitative analysis of Lithium with Accelerators and a time—of-flight elastic recoil detection analysis (TOF-
ERDA) system has been developed at the Wakasa—wan Energy Research Center in Fukui prefecture. On 2015th,
we produced lithium fluoride targets on thin silicon nitrides using the vacuum deposition method for the
quantitative ion beam analysis. To observe surface structures of the lithium fluoride targets, we used the atomic
force microscope. As the results, we found that targets can be used for the ion beam analysis. Ion beam analysis,
elastic recoil detection analysis (ERDA) and Rutherford backscattering spectroscopy (RBS), were performed
using the lithium fluorine targets, and we evaluated the targets compared with the other analysis.
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2.4.2.2
AT — DT FIEO S R RO SR
Improvement and Accumulation of Knowledge for lon Beam Analysis
EARBHET P EER
Kohtaku SUZUKI and Yoshinori NAKATA
Abstract

lon beam analysis has been developed at the Wakasa—wan Energy Research Center in Fukui prefecture. We
measure reaction rates and depth resolutions for each type of beam ions. From these results, we can estimate
the measurement time and depth resolutions even for unknown targets. Therefore, it will be possible to improve
the experimental efficiency.
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SERE S BKE 7 HH 5 (TOF-ERDA) 1281 AA A B — A1 15 5 i S0l S [ D Y R BE R L D&
LT HIET, A% OERFIDT D DIEET — 5235,

Il AF B —LFHDEN

AEtEL T BRI ER LT &
VA 10 nm KA SN H DX, PET 7
ANV LERHWT, RFEENVTLE—
LDGE D EIToT, K 1 1T
FLAVT L —LE WA O
{bF & ERIZxT T D AN T L%
IR, MR A DL DONRKTTHEIT
KHELTND, [RFBEE—LTIIT X
ZRETEDLDIZXH L, NI AL — Lo i i o [ SR it iiens |, |
LTIHHIE TERNWZENGND, 1B Energy (ch) Energy (ch)
FOREIZONTIANI T LE — A 1 TOF-ERDA | EIZ 31 D 3/L— (fifilh) & TRA TR 22 (Fe
(TR IRBE —LDGEN 45 (5L i) OBIR, £ RFE, ANV AL —LDEAETHD,
DI L2~ T2, PET 74V AIZE
WTIEAKFEDOI A RO DHIENTETZ, IEHEMEV) SR TIHRBE —LDIFOIDERNZN, L MeV DTFx
X —HPHTIX, NI LAE —AFRFBE — AT 4 FREFERATHIENTED, Lien>TEm T
N UTIZWEXITITRFBE — %2 O EWG T TIEIANT T A —2Z2 WA E W) IO IS S EIUZ LN
LW DIoT,

,.
o o &
BEREe

. f&s

[RFBEANIDTLE — AL DIATF Z U EESS PET 74V LD RD iR, FHLR0KEOEEND
OB T TH R DT —HE BB THILNTED, 5% 1%, o TeEAE RO A FLCaEL 2 DO HLS L1
SO RBED BHRZ T T,

) B TN X W 2 — AT JEBR R - T — R L —
AWFFEL, (D) B PE 23X — WS o Z— M@ RN D DOZFEN FEL L TEIEL I-b D TH D,

70



e = L — W% e X — R CE Rk 27 4]

RS/ fiftRe TOF-ERDA Zy BT 4418 B 98 D 7260 0 FLRERT 52
Basic Study for the Development of the High Depth—resolution TOF-ERDA System
LB B BRI R ILE SRR
Keisuke YASUDA, Hiroki TSUJINO, Takehiro FUJIKI, Yoichi HARUYAMA and Kohtaku SUZUKI

Abstract

Energy broadening of the recoil energy in the detector acceptance was investigated experimentally as the
basic study for the improvement of the depth resolution in TOF-ERDA. Energy difference of the recoil O ion
was 17.012.8 keV when the recoil angle is changed 0.5° . This measured value was consistent with the result
of the kinematical calculation.
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2.4.2.4
FER) AL SIC 128D He # F5 HGELIC IS 1T HRZ LIS i
Elastic Nuclear Reaction on Backscattering of He Ions by Carbide SiC
MR FEF | SARBFR ™ A prEEak™, & HEa
Mitsuo TOSAKI, Kohtaku SUZUKI, Ryoya ISHIGAMI and Keisuke YASUDA
Abstract

To study the energy loss process on compound material, we have measured resonances observed in the
backscattering spectra of He ions by carbide SiC and graphite carbon. We surveyed those resonance profiles
between the same reaction, which were by carbon in SiC material and also by carbon in graphite at 4.265 MeV.
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E(reso): 4.265 MeV

He energy: 5.3 MeV
Scat.Angle: 160 deg

400 —: : C
—7 Si
- SiC

Counts/Channel

200 4R

T G0 - T I TR WDOODO- © 0000000 - 0O oKD
T[T T T rrrr[rrrrrrrrr]

FOIME =21 LT, RFL A LT o me e o
@IZ\\/I/?\;‘—‘*E%&%@T%E%@@I/ MZ&A Channel number

bOTHD. 1 KEfY C, Si, SiC 12k5 He % FEELAI L

. f5=

RZEDILIBL — 7 707 7 A )T — B OB HRE 5 A TEY ., R E R ZE DB OIS
LT — 22BN 55, Bl &, AR He DR LFX—22x T, Fex OIFEFIETHLHE
B 1% HEELIC LD EEZ . BRI A 35 =3 X — W OREISHL TV,

2 Sk
1) FIFFEE | 22 HEES . AAEESR . B PEE = RV — e o 2 —RFFE4E 4R Vol.15 p.35-36 (2010)

SRR B RN T SRR B o 2 — 2 () BRI = L — W JE ke & — AT JE B R H - = R — BB v — T ST LK
T AR A BRBE RN RO ST AR A S R
AT, SR BB =R — BT v — LD IR ETH 5,
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2.4.2.5
IR SEFE AT D~ A 71— PIXE & O PIGE &
Elemental distribution measurement in tea leaves by micro—beam PIXE and PIGE
FIPE—" BRI 22 RS 8 AR
Yoichi HARUYAMA, Tsuguhisa FUJIWARA, Keisuke YASUDA and Kohtaku SUZUKI
Abstract

Elemental distributions, including light elements such as fluorine and aluminum, in tea leave were determined
by micro—beam PIXE and PIGE. It was found that both aluminum and fluorine were localized in epidermis.
Aluminum was found to be located in cell wall of epidermis. Spatial distribution of silicon was quite similar to
that of aluminum.

LK)

REIZEEND Ty FERTNI=Y LR EOBRITTHR LTI L TR DN E G RE T DD, v /ae—
DAF R — DN Lo TR AT D X BRET <A RIRFZHIE TEHIDIC TR LT, EDRER, 7A=Y
L7y FIT TR MM RIET 2L RSNz, TAI=D MIR AL OHFIBEZAFLEL TWDHTE
DIHERRE T, TER LRI T AFIIMD TT AR = D TALE Sy i s ZE D HERR S U=,

. #5

ZL DML TT NI=DY MFTETHLD RITRITT AI=T DR RIET BN AI=0 At A
Hh, BN R ER KICEREOT NI=U LB T HZENALITWD, LnL, DA =X LI
FENIEEST 70 FELL RS TODDIZRIZSID > TR, -RESITND AT = A LD —DE LT AT
AFEMEARBE LRI O TR EFE AL TLEEIEINDEVIE DR DD, ML DITLHREL T AR Ty
FREDRRRMIN TS, Fexld, v/l i MaE@lE 58T, ZOMBEDO—umE oM T 5% H
FRLCTE T, ZODITIT R DIZT L DILHE DN E G WA MR LL T D22 ] 73 i RE CHIE T 5 M5 B30 5,
~ A7 —2 PIXE 1328 10 iRGEL 2 Je R [RIRE TN AIRE T D ZEBA J172RIE 1L TH D, X M s
ORI TR TR NOD X BRERIE T HIEN KD N> TEIZR, 7RO IOIRRITLHENLD X i
ZRETHILTELH L, 22T 7y FEDMIIELIETELDHT -~ & lE T2 PIGE(Proton Induced
Gamma-ray Emission){£ T, MU ALIRRIIPESR @D X #R2HE 42 PIXE(Particle Induced X-ray Emission)
EC, [RIFFICHIE CEAIDICHIERE LR L,

1. Bk

FRIERBIOVERR T AL T LT, HERIL, B RA LR 354U LU CREFE L TE s, 20 ik
TIER LA EZEL CODGAE R HLZENTMBEBIL THh ol FEITRKREDOHE WG 2R IR E R E
RO LETHVHLTEBIZHEL, 2N EBE T HI0CEEE L 2 T2, ZOFIETIER LTk 275
=Gl BMERBIE A LT 2A REHED BRI TODTEN R T,

PIGE JIEZITOREIIEEIZH T8, FORRITE — A Iz Var F AN AROEEA W TEY, F2
TRAETLHEK VAL X R T NAI=Y A X BEGETDHIEN > TN, ZORET ZUNARIZETR L
Z O _FIZERCAE H OSE BEYD | IZRIERE ST T — 7 THIR O _EIZREfTT 5012 LT, X el
~HROBNEIIIER LR TH D, PIEIL 2.5 MeV 7 b B =88 4 um LL7TZ,

1. #55%

T NR=D LF R BN OHMIOEE (25341 L TODZEDHERRS LTz, MIEE THDHZEOMERRIT, 22 A
PN 22D 55 Afi a9 Z & & M EIC <& ENDY oM D ZE [ 43Af LD el BUIZ KD, 7 A58 131E
KNPDTNR=D DEFEHULTALE S 2R ZENBHIS L TED SRIOFRRLZ LR THY, 715
b ETAIBEZ A L COD ZEDERR S NIz, 7y RICDOW IR BICRIEL TW DT LI IR R I=As, 7
I RROFEGT DL ENDSKIIEEE TH DN DWW T RN VDS R Thho T,

HURCRR IR ST « A A BREERF AR JER) - b5 A B A B 2 (A0 BB = RV — WP 9E e v 7 —  BFFEBH ST - = RV — R —7
AWFTRNL, FHF LK T EE B = 0 — i FeE o 2 — L O FIFFE Th D,
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GAGG:Ce i D FFPERFAM
The Study of Characteristics on the GAGG:Ce Crystal
AR RS SERA R | A LR | S i B AR NIRRT ENE— 8 AR ™ /IMRIERT?
Naruki TAKAHASHI, Hirokazu HIRAOKA, Daiki HIYAMA, Akira MASUDA, Kyohei NAKAJIMA,
Izumi OGAWA, Yoichi TAMAGAWA, Kohtaku SUZUKI and Masaaki KOBAYASHI

Abstract

The energy dependence of the quenching factor for alpha rays of GAGG:Ce scintillator was studied using He
ion beam. From this experiment, It was found that the quenching factor for alpha rays with energies of 4-12 MeV
has the linear dependence with the beam energy.
LK)

GAGG:Ce Yo FL—F—fEEhD ., aBRIIRTDHEIARDO = — (K FMEE He A4 B —2% AT
ATz, ZHUTED, 4712 MeV TO o BRISKT T DR EII AT =L — L LB ITHRIB IS 2L T 5280
BN Tz,

L S

EHRFTIL, Gd-160 D==—k /LA E—H BRI IR O 720 O FLpfE I ks L O 7
L —Z DI T 2 R DR E AT 24T > TV, GAGG:Ce(GdsAlyGasOr2:CellE . e T A A #o
MR T L —2EETHY V| ERDE, EES B COISHANPRESN TS, AFEBRTIE. GAGG:Ce
fa D o FRIEKT T DIEIAREA W E T DFERAE T o T, IE RO = — (KA O THZET, 4
#BOJSHEFAOILRKE B ET D,

. ik

A AL, Am—241 FRIE TIEIRETTEZRU 4-12 MeV D o BRCKTT 5 GAGG D&%
TIH1-0I1, ZoT7 DIEsR LAY RS o — 2 (BHE 2) 2L, BEEIERAH
WZHY, R FITEZOE — A7 A4 BBV L O, KKZEimL GAGG Ahaslc ASt
L7z, TOBEDO =X — KA IE T D720 I Hi R 52— SRIM ZHuvie,
GAGG:Ce ##gh(10 mmX30 mm X 10 mm, T EHT (PTFE T—7) & HESeh % i
L. Y58 T HEA5% (RI800-100-10) IZHERELT-. /SALT 7 D=1, M5 X1 GAGG:Ce #ifih
DOE—2LL—RNT 100 Hz FRE E TR THREZITV, 1 MeV 21T AU ML,

II. i Re&HE %

AREBRIZIY, ZNETHLNTRD 272 GAGG:Ce FEEhD . 1AL D= x ’
N — AR R T DL N TEZ, GAGG: Ce FidaD . AR D %1
F—IKFEMZX 2 (RT, oS F L —H Ak, a RO RLE—NE
KRDIZHONT, MR BT I KT DAL, £-, B —L4
IS T DBE, B — L AV ESCA ENRE — LT a7 7 AR H 2 5

o

o
L d

Quenching Factor

ZEDNHBALT, et

AREBRIZEY. GAGG: Ce FEfaD a BRIZKT DI ARIL D = 3L — K {7 2 IR DT L —
RETHIENTE, S HBIIG R COMEREEZTHE T LT E THD, s
&SR

1) K. Kamada, et al., Journal of Physics D: Applied Physics 44 (2011) 505104

RIERZER R TATTERE, ™2 (A ) A = R VX — e o 2 — AR BT - =L — B — 77 % i = L — IR IE
Tt
ARBFFEIE AR DY (A BRI =N — W JE o — LD KR FEL L CHRIMLI2b D TH D,
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R ~A2m PIXE/PIGE % W R G A H BT DK D pH IZL D52 %
The Effects of pH of Demineralizing Solution on Demineralization on Root
Dentin Used by in—air Micro PIXE/PIGE
BRI 5 S0 AP AR B EEAR, JURTE 2, 2 T 8RB
ARFEIN-2, B SEE™ | 77 R S| RERTIETR™, B A
Katsushi OKUYAMA, Hiroko YAMAMOTO, Yasuhiro MATSUDA, Kyoko YAGI,
Keisuke YASUDA, Kohtaku SUZUKI, Mikako HAYASHI, Yukimichi TAMAKI,
Takashi SAITO, Masaharu NOMACHI and Yorihito SUGAYA

Abstract

Concentration of fluorine and calcium in root dentin, which was applied with fluoride—containing dental
materials, were evaluated by In—air micro PIXE/PIGE with various demineralized condition. The results of this
study were that there was the negative correlation between fluorine uptake and calcium loss. Also, more than
amount of concentration of fluorine uptake was caused inhibition of demineralization no-related with pH of
demineralized condition.
B

~A 71 PIXE/PIGE %M\, 7 AL & A M B2 (B S S - iR E 5 B pH O RARDURK S h 2 % E
L. R AER T EIZBIT DN T LABLO 7y RREOEBCEMRFT LT, ZOREHR, BMVAENZ7 v FE &L
v WEERBEDORIITADFBZ AL . pH DI BRR—ERLL LD T v IRV IA T L0 B
NRAERO D LRI NI,

I #65

INET, WENOHLL T L(Ca) b7 w5 (F) L2 RIFHE &RE TED, BB RN — et 27—
FRIE DK~ A 277 PIXE/PIGE # &4 FH T, AR S A E OBLK OFHE, 3L 73 LMK &0 B EIZ
DONWTHE AT TE -, AW TIZZDO KK~ A2 PIXE/PIGE (ZXAFMEL AV, 7 oAbiré A i Bt
B EH ST iR SR FEIZH1TD Ca BLOF BEDBIKGAFEOEN L DB OV T RETAAT

77,

. 7k

b M A = KA SRR ISR SR A E 2 #R S, B2 S ISl i ATICEIRT L1 2> 3
Ty OBV AT, 2 7 vy 7 O T A& A RER L (Fuji VI 38X 0N MI Varnish) %z, #5017 =
V7V IAATE AR (Control) | 82 HE LASNE T 7 AT LT- % A B REKFICEE L, 1 » H &M
F O oI 2% R EH AT, EERIC 0.5 mm BEICEIRr LIE SRS U7, YTl 05 48 28 L0#)
800 pm DOFMLITES 4 ym OFTEZRETL, RABEREOHHTEETOREND Ca BILONF REEZHIEL
Tro TORFORFERBERNTI I ATH R LT-% ., BB A7 ME L, pH:5.0 (KW H R 22)
F721E pH:4.5 (FEWO R A7) DR EHRIC 3 HFRIEL . FEERIEALO Ca BLOYF REARE LI,

R ORI R BIL, PUKALBERTEURIO | (2R FE D 5%Ca DN E EIRE LTz, Fio, Sifaz i
LT DL THRALER 1% BB O IK AT R G DAL EA BUE LTz, Ca BEOF ORVIAZIEREN D 10 pm Z EFH
B B CHE R AT L,

FIRJ] A R 2 ORI R 2 R etk A Fe R, AL K S 0 ™ RN LK 0 (A BB = X — i gee v 20— %6
PNTNEINE S e 2 e

AR, B H RTS8, KRBKR R B i 7R, AL % K ik, KRR KGR B2 Je R (A ) 5 = L —Hff
Fekr 2 —LDILFFIIETHD,

ARWFFEO—BIL B A PR B R 2 A58 B A Bh 4 (25293387, 26462879) OB FIZiTbiiz,
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1, 2 IZEME OB ITHFEDIA L
EBIOCa® Lk &EE2ZNE IR
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HOBICAREZERBOT, — 7.
pH:4.5 TIlX F HVIA Z &L M
Varnish. FujiVIl, 22> ha— /L DJEIZ
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Yha— VEEEICO ARG B EERD
720 K 3 IZHEFENIDD F BUIA A&
& Ca #ERELOFEIZ R, pH:5.0,
4.5 DI GFMFITBWTH B A DB
NERDOLNT-, L, arba—/L#
WM B EED T — 2D BT,
pH: 4.5 TITAEDHBENEDLNDD
DO, pH: 5.0 TIZMHBENTFRD 720>
7=

V. &%

FEDIAA B L Ca HEELDORBIFRK
0. F BA I KO E OIHEEYED R
U, BURDHEFINWEREE 2D L
&z b5, £12. pH:4.5 Tl FujiVIZ»
DEVIAEND F IRETIXHL it
JRIMENT I N7 e, &5
2, #7225 2 50D pH OFERIY, pH
DEIZH) )BT, Sz Il 57
DT, BENIZHK 6,000-7,000
ppmE Xum® F 23RVIAFENTWAHZE
MEFELNEEZ LD, MEHE T
pH: 4.5 TOAHEADFREEROHBILD
ZEMD AR pH DOBREEIT/R D ERE
MO F HDIA I DK il 20 5l T
KRESFEGTHIENEZOND,

V. 55

Tk E At R T 5L
T, RS FE OO m 2§
Wi, -, —ED 7 vFEEIAL BN
HDHEMERME LR B3 203, ZD%h R
T UL BAR A TRV AT RENE
DIRIBIITZ,
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I:_-‘E"EID- I_-I_-‘;E;3I:I--
E 2 E
S 20- I S 20 g
3 . is % I
: 7 :
10+ L 10 a
2 H | b = [ H ¢
i | _ & = ' .
| 8 — L woq r - - _—
FujiVl. Ml Varnish control FujiVil Ml Varnish control
(a) (b)
ERNTFIIREEELHL DT

Kruskal-Wallis $#85E, Scheffe %, p<0.05

[FE] o SRR N AR (a): pH 5.0, (b): pH 4.5

b
E 1500~ Elsuu- ab T
# #® ‘ a i
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| ] =
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#RNEIREETBLHT
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= =3 & Fujivl
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PScH?C BUGIZI31T DA BB DL B K e A
Cross Section Measurement of Reaction Products in the *°Sc+'“C Reaction
AR BRI 2 AR B O, R TR, Ak
Norikazu KINOSHITA, Akihiko YOKOYAMA, Yukari YATSU, Kazunori HAYASHI, Yoshiki HAYASHI and
Ryoya ISHIGAMI

Abstract

Reaction products by the **Sc+'2C reaction were investigated for precisely simulating a nucleosynthesis of
iron—group nucleus in a stellar environment. Nuclides of *'Sc, % *Mn, and **Co were detected at '>C beam
energies of 21-24 MeV.
LK)

RIENIZB T LA DE BB ZROTHE A DERE LR 2L —2a AZmIiT T, ®Sc+*C SUSIZHT
D A O W R EZAT 2720 Eaw = 21-24 MeV DT /LF —|{ZF\T MSe, ™ *Mn, *Co D3Iz,

I ¥5

BUED KGR N OERAHEDE EA ROt # T, RIKOEGIZBIT SR MEAT— T AGB &2 (FREaEA)
DOHOFEIZ T AR R LORISICEVELND, Z D72 RIEN TO LR LD OIRIL, ET L
WSR2l — 2 ar BME— DO FBII D, N FERE LSHBRTEDET VA HWDHZE T, RSB
2 32, AR LOBEA KON LD BT L ERE Th o5 H N E<RIEREETHY , JeATHFEA7R
W, TDT=8 | BROAERRIZIIT D EIEE 25 R A T2 ECREEN L, AL Tl RENICTERE TR S
BT DR BOGIZE B U, AR ORIE 23 Al e CHE EBDS LT PSct*C SUSIZT, AR O Wi FH 1
ExEIToT1,
1. SEHR

Sc Z—5"yNIES 10 pm ORI 99.999%D 7 LIRA VT Sc %53 T AT HZEIZIVFRLI, 21 MeV,
23 MeV., 24 MeV IZIEL 7= 300-400 nA @ 2C¥E— LA ZFNENDE—4 NI 3 RSB 2177,
MREHE . 2 — o e N EIURVRICE AL, Ge BiHH#ERZ AW T 3 KO v BRI EE T 7=,

M. 5%
AAFZEIZTBUNT, MSe, %Mn, **Mn, Co D 4 B fED R H I3

oo ZRBITFENE L, HPCRPO G, (*Coan) i, (“C,h) X L S B :
Jitn (PC20) M EV AR LT TH D, AR D=3 /1 o) 1 5 B
F—ITH LT, oWz 7 —r BEBE O FIR R expl- = 102; ]
2n(- I CEIVRE L7284 1 128" F, 7l Sommerfeld /374 £ ¢ ? § ¢ E
=% o (A7 EEELRAU AR T IR —ICBT 0BT F [ [ . wg | = o]
By USc I I T IR AR T 92 %M & %Co XS = 10t ° zimn f :
BRI T0%, S LENLSATIHAERAD =R 20 £ [ | o sco P
B D70 AHMG R D, RWZEIZBITD PSc+’C s & ™
Fetp SUGIZAICEGEZRRR T2, “Fetp RO OWFSE 15 16 17 18 19 20
F L0 W ONDOAEBEOWEREL SN TS, ZhblA center of mass energy (MeV)
WFIEDRERALARDZET, LVFEMR T A ELNL LB 1 MR F R CHEM L
% 7= R T A

V. fE5

1Sc X —27 v MZ By = 21-24 MeV @ 2C B — 2% MREH L, #Sc, %2 5Mn, *Co DA Wi HfEZ 155 &2
L7ze b VBN RO FE MR THIBSAL U724 WS ClE, By 7y 7 RO X0 AR LTZ HSe S-ZRAIT
VAR 925'Mn & ®Co TILER DA DI,

U K EERR (KR) - BEARTAIFZEAT, 2 iR K 52« BE THFZEI, *° IR K HAREL IR ER) M (A) B P8 = VX — 98 o & — - BFJE B -
TRLF =R N —T

AWFFEIE, (A BB = ANF —F5e e & — ST KRR (). SR KFEDILRBIFEE L CTHERELT,

AFZ21E. MEXT KAKENHI 26800161 OBk 177~
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2.4.2.9
TOF-ERDA IZ X2 B E & /o A FiE DB %
Development of TOF-ERDA Analysis for Thin Film Auantification
TEIRIEAMY, 2 AT AR, F R
Masahiro SAITO, Keisuke YASUDA, Ryoya ISHIGAMI and Yoshinori NAKATA
I #5

Li AF M, Y5 BT, BILHR D MRS RRE S HT )T o =—X 1 E\ N, ZORIZRFFEIC
5L C, TOF-ERDA i i Al REMEZ R LT,
. A%

ZHETH &1L, Cu'® 20MeV OB —2% AT, Li A4 EE MmO H I (SED) @ TOF-ERDA &
ZIREL . MHZROFEME, B OWIHIK Yy B SEl FERGEFED BIFREAFIEL C&T= U, AR AS A4 I
kA F —2DFERLZTUNT AT He* 3 MeV DB — L% FWTEREZIT-7-, Li ZateabBHI R AL
DEHERENZ LS R EE 22 5720, Ar 7 a—T7 Ry 7 AN TREREE 1TV, KRIERE DR
RETREIZ T v/ N—~E ALz, 7 —T Ry NORZEFR SIT-40°C TH o T 15BN ART LG, 8
LR T DI | BL O AT EZR T B OBLS T, Cu'? O MENL THHEE Z BT, BH BT
HE—LNEROZEBFL T, PIERFFIZRHT 2 AL Cu'® D723 E<, FHC FICE &EOUTVILHEIC
OWTCIE, He” TN R ch i EE 2 b,

HEHEL 1) M. Saito et al.: Nucl. Instr. and Meth. B 371 273 (2016).

TR R —F 2o ¥ R E NI REFER 2 DR . A0 YLK F - A BB R 0 TP - TV PR K ()
T L — g S — B GEBR - R L E — R L —
ARBFIENE, B —F L5 — LR = R F — B Je s ¥ — L DIERRISE T,

2.4.2.10

TOF-ERDAVEIZLAHDLCHEF DK 3 /347
The Mesurement of the Hydrogen in Diamond-Like Carbon(DLC) Films with TOF-ERDA Method
HEEFE R SRR, 22 AT
Shogo HIBI, Kohtaku SUZUKI and Keisuke YASUDA

I ¥5

S SRR -1 5 (BERDA) 13K R AT OF 1172 FETH D, BICHRATRIIE (TOR 2 AEbEHZ 8
V2V HCHG 53 AT DS IR EE 7088 ST 3R 0 AT S FTRRIZ R0 | S MRS S fRRE D M) LIRSS, T &2 1ZZOTRATIRE
[ AL B SR - # HH (TOF-ERDA) %4 A Y2 Rk 32 (DLC) FEH D 7K 38 43 B L2 F 9~~~ < E R BR %
ZHEDTND,

1. A&

BIE, PIE S AT AOREF I EVER 2 X AT RIS 72 o 72, IRD Bt U CE AL D 7= DFRMT 1D
HESTIZTHFAT e Z L LT, FTF 2 IERD BTN L CTE =R IR %E FHV N 7ZERDATEE AR TETHHTOF-
ERDAE TOKFZ /TG RAIZDOWTEHIE LT, KBRS AR DDLCIEARF 0 — i 77 A~ CVD L Y
DC/a—{E 77X~ CVDIEITTHERL . £TWIARERDAIE TR FIRES AL o7, ZOREFKFE &I
12-27 atm%& RAEL DIV, BIEREXTOF-ERDAIZL DK 0 Hra EhE L 7=, TOF-ERDAVE CIIHIEME AL T
FEORHZRIZIFARE CTII2\ 0O TH B4 REL /R0 | IRFEE LML TSR E B2 BRE
L CLlgE 177257, ZOfES., 2150 M TIEORIF B D RS, SHITHER TSR ORI A I RIS
L CTOF-ERDAIEIZEIVKFE &R E TEHIDIIL TV TIETHD,

HURRSA A AT ZERT, 2 () B L — B e o 2 — - BIFZEBR JE - L — Bk L — 7 R SR - AL R R
WFFERE G AR A B 22 R
AT, P RAFIE T &P T X — S F— LD K RIIFIETH D,
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2.4.2.11

u BB — LD Li A4 B ERE O Li 234 Al
PIGE Imaging for Li Ion Batteries with Micro Proton Beam
ANACET SR A BEORET | ML EE PEE PR SRR
Tetsuya KOGITA, Hidemasa TSUNEISHI, Takashi IKEDA, Takayuki TSUBOTA and Kohtaku SUZUKI

I HE

Li A4y R BT 72 ED ST, NAL — e EIZB T DEMAND Li 44245
T EERER THD, BMEANO Li DA CEATIEEL T X BAE TN ENH LN, ZDZER 5y
fEREITE T um & BRI (~10 um) D KESIZHARTH4 Tl K02 REED mWFIENRR DS
NTW5, Fex 13 p BB —2% V= PIGE 2811280, Li O EISOMEZ b TR0, SRk 27 £ 1T
BRRRS T RO Li 4y A I E % S it L 7=,

. A%

ANIPRL I X Y B EE R A 1T Y 3 um o FREEICAE RS E T2 2.5 MeV [ FE— L% VW, BE—2 L v b
1% 3 um ¢ FT 50 pA FRETHD, FEHIIX, N AL —MEEZITHOZE TEMES AT Li BE AR A O
7= LiNi1/sMn1/3Co1/3)O0s TEAlZ FHV =, BABODE 1T 50 pm F2E THY, AWK IZE — 2% FRET LT,

A AR (BT 138 K C 6000 X 1000[um %], fz/NT 800X 150[um &L, & B IZH1TD
PIXE/PIGE/RBS D AT IV E 2 IREFTREEND, 2 IRTEA A=V HAERR LT, ZDOfES. Mn, Co, Ni [T
ST AN AR TS —ARIZ AL TODH, LW TEINAL — MR EO B L DR E AR AR 2 528
B, w5 E— L&Y L O3 a2 vl B ThHOZ L s LT,

R A 3B AR Y 2 — S a TR, (AW BRSOV — e o H— R SE BRI - =R — R L —
AT (BR) 2L aBEE (A ) BB = 2L — R et o 2 — LD RBIZETH D,
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2.4.3. JRATRR RIS Lo SS - B4 BRI T B 58

2.4.3.1

b AV S A Sy Z R R (U SS  ar s Sty Zp s C X (f 2 i)
Estimation of Nuclear Reactor Structure Materials by Using Accelerators (Degradation Estimation of Nuclear
Reactor Structure Materials)
fEoca—" ArhfEk
Ken-ichi FUKUMOTO and Ryoya ISHIGAMI

Abstract

Motion of dislocations in the helium ion-irradiated SUS304 steels was observed in a tensile test with the “in
situ” TEM observation, and was compared with that in the unirradiated SUS304 steels. Stacking faults were
observed more than perfect dislocations in the irradiated steels. During the tensile test for the irradiated sample,
dislocation line shows jig—zag motion intermittently and the extension and shrink of stacking fault band
surrounded by the partial dislocations in a dislocation occurred repeatedly. From the propagation motion of pile—
up dislocation across the grain boundary, the dynamic stress level at the leading dislocation of pile—up ones was
estimated.
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Investigation of Proton Irradiation Effects on Semiconductor Devices for Spacecraft (2)
AN = AR BHRERAE™ | BRACRR™ | BN 2
EARTESR JIBBEEIL™ | AEE".
U NS
Daisuke KOBAYASHI, Makoto MITA, Taichi ITO, Yuya KAKEHASHI, Kazuyuki HIROSE,
Atsushi TOMIKI, Yasuhiro KAWAKATSU, Ryu FUNASE,
Kyo KUME and Takashi HASEGAWA

Abstract

Investigated are proton irradiation effects on semiconductor devices such as photo—couplers for use in a deep
space explorer, PROCYON. After receiving 1.1 X 10" p/cm* 50-MeV proton bombardments, each tested photo—
couplers exhibits a decrease in its characteristic parameter of the current transfer ratio, which decrease is
dependent on its input resistance for controlling supply current fed to the device as well as its output circuit
structure. Possible effects of electrical stress during irradiation are also examined.
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2.4.3.3
REHD HLE — 2R R E B koD B 7S
Development of a Beam Fluence Measurement Technique at Atmosphere
DA, BJEEE BEHEAY, B
Kyo KUME, Tatsuo TORII, Masato TAKITA and Takashi HASEGAWA
Abstract

lon beam irradiation examinations for devices mounted on spaceships to simulate cosmic rays have been
carried out at the Wakasa Wan Energy Research Center by using proton up to 200 MeV delivered by the
synchrotron accelerator. A measurement technique of a beam fluence by means of secondary gamma-ray
detection has been developed, of which the situation is reported.
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2.4.3.4
TG AR AT BEMER RO P REFEAT
Performance Evaluation of Flexible Material for Radiation Shielding
BUTRIL A BEH" | AR AR, R, JORA
Nobuhiro SHIGYO, Kosuke IMATOMI, Takahiro MINE, Ken—ichi KIMURA and Kyo KUME
Abstract

Neutron attenuation of flexible material for radiation shielding was measured. Neutrons generated by
fragmentation reaction of incident ion beam were used. It is found that attenuation coefficient of continuous
energy neutron between 20 and 100 MeV for the flexible material is about 2/3 of that for ordinary concrete.
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2.4.3.5

JEAR EEREIEHEN 23T D R IG A T e b o D 28 S AR VI IRZE L7 e b o BR G & D BAfR
Influence of Solar Wind Proton on Hydrated Silicate Minerals: Relationship between Spectral Shape and
Fluency
AR PRS2 ARAR?  ZEERIE | LB AR HLZE S AT, A S AP, S RHRT
Yusuke NAKAUCHI, Touru MATSUMOTO, Masanao ABE, Akira TSUCHIYAMA, Kohei KITAZATO,
Keisuke YASUDA, Yoshinori NAKATA and Kohtaku SUZUKI

Abstract

The surface of airless bodies undergoes influence space weathered by solar wind and/or micro impacts. The
main component of solar wind is H*, however, it has not understood yet. In this study, we observed the spectral
change of irradiated sample which is powdered antigorite.

The spectra of antigorite are changed by Hy" irradiation. That indicate a step—by—step change: the first step
is decrease of original hydroxyl groups, second step shows decrease of original hydroxyl groups and create new
H,0O. The last step shows create new H,O. Furthermore, this study suggests that spectral change shows
saturation at 10'® ions/cm?.
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(2, AT MLOZEAIE 10" jon/cm?® TRIFNT 52 EAVRIBS LT,
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WIS SR SR LT SOITEBINBEIZED, 3 um § D HyO OXTFMREN 2 & 12 Sk AW AR D #E N0 K,
L2, WE®D alteration ratio Db ED L FARIZEAL D722 ED3D0D (X 2) , Lo C., Antigorite D K5
AT B NAZLDART IV OTEIRZALIE, £ 10" ions/cm® TRIFIT A EDRIBI LT,

FELRE RS B ST IKBA A AT h OfS fE & 2 BERE RO D 2 e R S T, 55— B
ELT, KFBEAAUNTIVASK Antigorite FIUIIFET D metal-OH FEADOUIW M ToA, & Bt LT H.0
DR TIOID, metal-OH OFEE DOUIWHIZ DN T /AR RENTZO M B CE72 0,

V. &
Antigorite D T AT ML KGR T 1 N AZKD BRI T D23 b7, SHIT, B Sk
FTAT L DT TEDINTAEEL TOADDDRRE B AR ED R 5157~

235 3CHR
1) S. Sasaki et al.: Nature, 410, 555 (2001).

Anteration Ratio of Antigorite

18 M T

Alteration Ratio (Shifted)

2 25 3

wavelength(um)

1 KRFAF L BINIRETRITHE DO AT R
Ve, FHEE
AltRat(i) = Rirrad/ Runirrad

Change of Alteration Ratio

1.8

Anteration Ratio of Antigorite

I N S N R
2 25 3 3.5 4
wavelength(um)

2 IKFAA L BINRGFHZ LD AR
VAR, BRI
Ratio = AltRatg/ AltRatg-1
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Radiation Tolerance Verification of Electrical Devices for Satellite using Proton and Heavy lon beams
A ITER | AN ERE 2 B EE S RIORTERR | AR ORAES | R R PSR ORI,
TRUSEES LA RIS
Makoto ARIMOTO*?, Yoichi YATSU*?, Shohei HARITA*, Yutaro MURAKI*2, Masanori MATSUSHITA®,
Masaya KOGA*, Kei OHTA™, Satoshi HATORI™, Kyo KUME*™, Satoshi MIZUSHIMA™, Shinko SANDO* and
Takashi HASEGAWA®

Abstract

To accomplish a space—satellite mission, a variety of challenges need to be overcome. Particularly, one of the
most important challenges is a verification of radiation tolerance of electrical devices for space satellites. Our
research group currently develops technology components for a future—generation small satellite and performed
radiation tests on radiation tolerance for several key devices at the synchrotron beam line of the Wakasa wan
Energy Research Center. The devices are irradiated with 90 MeV proton beam with a dose of 10—year operation
in orbit. We successfully selected appropriate devices for space mission and obtained important knowledge by
examining if those devices work stably.
B

N TR DIy a OBATICIEE 2 IR A R T 2L ERHY | FRZZO R THEERGREDOOE DN,
PEH T A ZADHEN RHE Th D, Fex OWFFE BT —7 1% IRV Ry S a O BB A
DTEY, ZOHRTHHEIY L a O GEE LT 55X —T A AD BRI EOFEMmERERE | s =L
F—ifgitr s — - rubnr B — AT NTTHERMU, fREPUE LT 10 F0IM Y T 00 2 L.
T NAADL TEED A AN T 52T B R ITHE R FTRER T A ZD IR L O AR LT A
L7z,

=

BT RAX —X BEREBLR OIS A =X LR0F DEJRZ SN T 52T, KKOWIN D 8% 517
WA THEZHWBRITMNETHD, LNURAL, FHERE T X e —0F0FNEEN S EO
FHBRIZEOINDT-0 , Bas DENER T K AMIEL 5 ZE L #EKEZ DL DIZE M7 8% KX
T, BlIE, Fox DZV—TTiE, 2014 4 11 AR TSUBAMEYOSTS EIF&1To72, ZO/RILTF
HIRKROBERBEGTHD y S —ARDLORAER L, 7Ty 7R — VHEAE B % O ROY) BB GO BEFR
EATOZEE BIEL TR, T LTS ~147 A RICEEKEROR LAY, BEMRBLEEI Ve
YO T RSN, ZO%OJRIRMATIZED, WEHER HER 1C O HBREICLIBETHLZE
DNHIBAL TR, ZOZENLDODLINHED IR R — R NAEET 5 1T, SRS RO B % P}
BRI ETHIENO CTHE THY, HEIv a2 ORGEE LA T D,

AWFFE T, BUER 2 DG ED TOLR RO EIy T a O C, KBOBEEEZ F] 5T /S A A8
KT L7z LSI OB IHERHmIZ DWW T, BRI =X —iff st Z—- v rrbhar B — A7 A2 T
EhaL7=,

1. fRS 2 —4 ok
ARG CTH—F b LT B2 E T AR ZDONWTIRARD, Wb IR 2 Oy v a BifED X
ZfHoTUVD,
A TNNTv =T H N AF—RH ASIC
T x ORFFEZ V—7 2 BIZBRFELTZ ASIC THY 2, F v pLOFiA H LRI H S TD
Be el — T NRT Y 2T REAF— RSO B st A H LI L TRY, Zhickh K
RS ST END X BEORHZTT),

B R A INBE AR SR TR AT, 2 R L3RR B R © RUR TR TR (AW BE = x ¥ — gt
Z— BFGEBRAFE S, (R T

ARWFFEIE, MEXT KAKENHI (BHJF2E2) No. 24103002 DBk A 3215 CHRAEL 7=,

ARFFEIT, HOR T ERNFL(ADF RIS = — i fe ko #— LD L FRFFRE L CTHEMEL T,
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B)  GAGG fidh
GAGGIRY =D LT NR=0 K VT L I — T i, X BHCRIGEL T T —var ea
THH LN FL—ZThb, ZINETEMENTET- Csl flfib/aL 1T~ T, MRS /o< 5 B2
Wiz X BRBELIEREDSEWE AT Y MRS — T RIS IR 2 AR TS EIC LS
2 T R

C) FArvAh—FRarta—4HIC
Fr R OEELHHET 5 IC £L T, Armadillo-420 331U Raspberry Pi 2 Model B Z4&FL TV 5, W T
NbIEE ORI E SN BB | AR COEIERER L7025, 1T, BIEZO S
VEZIET 2~ AL LT, PIC18F8680 |22\ ThikBa1To72,

D) fEERIN AT LR IC
GPS % 7= 217 A7 L(Global Navigation Satellite System; GNSS)ZF| L7z IC THY . FFiT
ARG L1273 A  Firefly ) 1, B3 ANCAFATRETHBT0 AT HE R~ B AT F115
Wchd,

E) ®&IRIC
Liner Technology #2393 DC/DC 22 /N—% [LTM4609 %X —4 el TCRELT-, mh= T
D15 BEE ) (~40V) 2 FELUSLEDN D72 T2 | BERAE O fIFIA B LR RIS KR ATRE T D,

[0, B 1 HR G 5 7 1k

AGRBRCIT, #0E 10 FE0F24(3 x 10" f#H/cm?)D 90MeV D F-ZHBEL | BT A ADEEA YT )L Z
ALTE=L— LR BORBREMED -, FHIE1TO LT O DOFHIi T2 5 1EDBHH03, AAFZETIE 7 v
ARG T T T RBIR T NARNT 72y NDOBATHERTHIEEEEHPEL T, Ehra b7,
A DY T NARNT T T o7 L, 8RR AT ERL S A U7 B IR - O B BE/EADL L
AREAREAERICEY, —i\BEOERBPECDNETHD, FFZTED IC (X CMOS 7atEATRIES LT
D128 TWETAVALEEZ R D — OB @M 3 52 LAe v ), F 7 DOKAMEZ 753 A 6E
Wndod, ZO%E ., BIRE=F—TDHZETHRADARETHL, oL v I NARC Ny 2y held, £UTE
—IEPEDOEFNZLD T U AVEIENO 7 ) 7 7oy 7 THIEISNAE Y MR T D8R THY, A )T —2E
HH1+ 57 =2 DA RDRE L TREZITHOZENATRE TH D,

\ANSE SR LES

L7 RTov =T 3 M A4 —RH ASIC R ATPALE WA T
R RER LR, 20 ASIC FELADZRH 2 ¥ v
OB (E1.65V) AL TN, ZNENOBIR Suf —1 1%
fize=2—Liz, ZLOEROLETDLLOD,  EE
ST NARNGTF T T R AR ERE e
LEFRLNT ZEBETDILEMEELT, $opt 5 E | BhileLes
LB O AN~ EDOBREIEATHIL 35 o~ —{ 1%
TTAMINVADW @ ffiEE=F—Liz, EF Thh 23
EZOWBE —EMLARDILB TSNS, A § i 72002 ' p
METRER T 10MREOLALRHHIENHAL Tz, & 29 1 10%
T2 LZOZALIE 10 IS o70 Bl 5 0 o
]EJ:—(#ﬁﬁzlfﬁ:GZ$§IE7&’??5:&T+§7\L:;(TET%57L: ? So00 500 1000 1500 2000 2500
., FER) LR AL LT L7z, E72200 ASIC Elapeed tine ()

WENZIE, 7TV NAE S DR AT DREEDE 01 75 v =7+ M AF—RH ASIC ~D
MSITISD, 10 FO S ORHEAT>TOEY M gy s ok R, BIEIEOZALIX 15BN T
BRI RO olz, TRLDORERIZONTIEL.  y SR L 20 EEO LB 10%LL P50
Nuclear Instrument Method MEREICHARTETHD, 227 L3 TEXTUNVS,

2. GAGG
10 ORI EITT=20h | Fl~=0 A% O Ty AT MV ERUG L, b o 228 % 31~
K (IR OFFRIRGE IS T, ZDOART VN K ELSBALTEHZENTHEND T2, BETE 35 128
STHEEEREZ EHE L2, K2R E57 ATV THY , IR 95 LG 4 O 58 T K3
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BH— 07T, R DR DN E I 2 TWAIEN
FLCHUA, ZAUTEGE R 43 (S H T SRR AR ) 103 ACTIVATION GAGG SPECTRUM
DEFEFNENEEZRLTERY, BARDEND
DELTHHILERL TS, ZHHDZEHEMT
ILBEEITH THY, 4%, FEBLOFT MRS "
THRETETHD,

3. &R —Ravva—%[ IC, RN AT L H
IC BLOVEJR IC
BEH AL R —Ra B a—XDEHOOEDT

COUNT RATE [/s]

.' of
&% Raspberry Pi 2 |ZHREZITT2E2A, B 1R ‘ “"L m
B LM R BRI AL. FELICEENT i,
HEL TWDHL NIy MIWDEZR N RS, ENERGY [keV]

R U ORI LD S L7, 7 X2 BT ERTHG LS GAGG gD v #RAN

FUZHLC. Armadillo-462 1. BRI B Lo ZPbe () REF105%, ()6 A%k, OF) 27 1%

FAZLC2lMEE CHEE A0 0, &

VA O Bt/ 2 RS9 Raspberry Pi lZEE A~ RV VEHRTHTEZ L CWDZEN DD -T2,
FIFRBNL AT L IC 1, BE#ED D, R C 4 FEREZ ICHEEI D ETDDORITEEED,

TN E LB EE IR D205 o7, BEIR ICILTM4609)IZ DWW THIRIRRIC, FEH ICBR Rk E %

ALTEY, HHBEMNIEETEIERL L EMET D2 MR L,

V. &S

ARWFFETIL, WA N R ## 2 B A, BTR DIy a0 ik A 5] D8 & 707 7S AD Ji i
RER T o=, T OFER., 2N E THEHRIHTE R AR TH 7= DR L T, & E72i iz 5 2 52 L% Th
U7z, F724 B3 2 DRI R BR 24T~ 72 B 13/ VR B O O S b 3 ko K 27 n
VI MIETHHLDOTHY, FEEICH ISR REGDIENTE,

FI-ARRER(2015 4 12 A FEHE) DB/ D03, JAXAIZ TABED 7= [ Bk BT EiE 1 2412, Fex
DG N—T DT —~ GEIEFE 2 S U it sk e 22— 5o B DBR%E ¥) DM AR E LT,
A [Bl D SRR RRBR OFE AT ZOF LWV RIS - BRI R OS5 — 5T A% T Bt
TEDLR BNV THY  FHE =RV X — e #— 3L FIL TR A S EED TOSHTFE TH D,

PN

1) YATSU et. al., “Pre—flight performance of a micro—satellite TSUBAME for X-ray polarimetry of gamma-ray
bursts”, Proceedings of the SPIE, Volume 9144, id. 91440L 13pp. (2014)

2) ARIMOTO et. al., “Development of the Hard X-ray Monitor onboard WE-MAXI”, Proceedings of the SPIE,
Volume 9144, id. 914457 10pp. (2014)

3) PR R EAN KRR S OT —~ ABEORER R http://www.ard.jaxa.jp/pickup/kakushin.html
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2.4.3.7
MA [EII ] CMPO W4 0 o M AL B AR A
Alpha-ray Degradation Products of CMPO Adsorbent for MA Recovery
TEER AU EBPIE— | A ek
Sou WATANABE, Yuichi SANO and Ryoya ISHIGAMI
Abstract

Alpha-ray degradation products of CMPO adsorbent were evaluated by GC/MS, NMR and FT-IR analyses
on He? irradiated adsorbents. One of the degradation products might suppress elution of Am from the adsorbent.
2K

Hhitra~ 77 485 BWTEE 9% CMPO WM O a #EH LA OFHE DT | He* &' — L% I
UG DWW T EATo T2, ABBRICEYD, Am OEEHEROK T O AT =X LR BN o7,

L HE

7 a~hr o7 4155 TR BEIRE DD~ AF—727F =K (MA: Am, Cm) [BIUXEfrIE, o PEpE
T O K OF EERBOBLSEVEH SN TEY, B AR DHF 2R3 CIIm s 7 a2 T
FROBAFEAHED TD, AT O LR Z MR T D8LE0 0 WAEM FIE N A E ORECHU R
LB ERIDZONWTREEZHED LB N DD, AAFFETIL, HICERD O FRESRK AR IEL
ENHDOT A REASNDEBEZFAIT528% HNEL T, CMPO WAEMIZ He* /4B — 22 L, kAR
MERIETHIET a BRIBEHIHINEREEA LD AN =K LOFRIAZ AT,

1. 58

TABIORBH T 30 mmX 20 mm X 1 mm [EOPARLDAFL v = CH
NARP R~ —Z2FBL 2 CMPO(X )& &RESE-b D&k CsH17(|)| I :
Uiz, MU SEBRIIR I = L — B SE e 2 — 05 7 DI pcH, e~ 2 CHs
AT AEANT— AT TERLTZ, M Am NS0 o HEFEL., 5MeV IhHEL “CH,CH-CH;
7~ He* A F B — L% 200 nA T 30 4 RIREH LT-, S GitBloBE &1L ©/ éH
0.4 g THY, I L7 I X —% 2 TREMBRINLI=E T 5E, WEH O :
AR 2.25 MGy &725, BRENEAWAEME 1,2~V 7anxiy LS
HTHAL A WA 2 L. GC/MS 512 Lo TUL B D[R E 21T -
77

1 CMPO OAEZ

I FERBIOHBL

CMPOIL 2 JERLALOFHHAITHY | K 1SR 7 TN OBESRIF - OO ER ORYZ A CHZET, MA
SENENL LA S D, CMPO OB L > TER T2 E DN, BER R0 7L QO D E
RS, o5 11E, Am iR DA AL WD AR DD, 4 FTOEBRNG, o FEBFHIEST
CMPO 7350 Am OMHiHPEREDME F 422507 > TS, LA T, S EE 252 b0 it
BACAERDD Am IZEALL, CMPO LIX #7258 THELEA A T 57012, it HEREAME N L2 e RS
N5, iy a~ 757 (LD AR T 57201203, S BEESNERIC 1T MA OEREIH 52813
VEARAI R THY, ZIHDOWEINGD MA EREREZ TN 5LEHI0, BEUIRTEFROB N LETHD, 4
% MA L58<EETERT D DTPA 72 & DEETERAIZ FIV T LI IEEDND D MA OBEHIZ DUV TRETEATI,

V. fE5

MAM NHO o FEERELT- He2' M4 — 2% CMPO (2R HTL ., it ARz R e+ A2 L sk
7o ARBRICE ST, R EILITEED Am IRBEROIK T DA =R LRALNEIRY 5% AT AOE 2V
AR IR TS S 35,

*(ERF) B A - FI BT ZEBR FEAAR - 1 BT BR FERRBRGE0, *2 (A A BB =R — ek o 2 — BRI - =L — B L — 7
ARFFEE, (ERF) A A7 S0 FE B 23 (A ) B 3L —hhgE b —L ORI L L THEML I,
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Radiation Tolerance Simulation Test for Si Devices and Analog ASICs aboard the micro satellite Kanazawa—SAT?
KA | e AR RO ORI GHASIEREY | S ERAC
PSR, IR, BRNGE2, KGR
Daisuke YONETOKU, Tatsuya SAWANO, Kazuki YOSHIDA, Yasuaki KAGAWA, Masao INA, Yu ENDO,
Satoshi HATORI, Kyo KUME, Takashi HASEGAWA and Satoshi MIZUSHIMA

Abstract

We performed radiation tolerance simulation experiments for Silicon semiconductor devices, an application
specific integrated circuit (ASIC) used for electric readout of detectors, as well as peripheral circuit elements
aboard a micro satellite Kanazawa—SAT?. The ASICs contain 64 channels of charge sensitive amplifiers, shaping
(filtering) amplifiers, sample—hold circuits and analog—to—digital converters. The digitized signals are transferred
to the control FPGA with serial data transfer. The peripheral elements are A/D converter, voltage level shifter,
operation amplifiers of consumer product level (not space quality). As main results of experiments, we estimated
the cross—section of single event upset is about 107" cm? which is equivalent to the SEU rate of about 0.1
SEU/year in low earth orbit using proton, helium, and carbon beams with 200 MeV. Moreover, we confirmed
that ADC and voltage level shifters are significantly tolerant for particle beam irradiation while the operation
amplifiers show a slightly change of their linearity and offset voltage.
B

LR KEFEDEIF LTV N T4 5 Kanazawa—SAT? ~DO#H A BisLizv a8k Hass 7+
7 £ FEEI K (ASIC), F5 L OVELA B #E 3 1 D BUr #r iR 2 2L 72, ZZ CHRIHLIZ ASIC 1, #HER)3
Xz T2 BRI AR T DR T A2t AT 72O DL DT, 64 RO ERIES T 7 R T L5
— YU TR VR - A/D IR T R TE EI TR, AMBO FPGA AN T YT VIlIE CTF —Z & ik
THLDTHD, F-, FHHEEHEFEL TR A/DIaL NN —F LA YLy TR — G T TP Zd i, &
IRIEBRFER LU T BT8R - ~UD LR R BRI ED ASIC DL T NARU b T w7y hOFE A Wi i f
11071 em?® FEEE THY, HIERE [BKBLEIZIV T 0.1 SEU/ year FEEE DS THHZ L& HER LT, J&30[0]
BEHEAITBNTUT, A/D TN —H L~ Ly 72— IR Em O EHRI 2 A 203, A7 7 H 3%
B LT 72y NEERENE T TIEHIN L L TODIENFER TET-,

=

SIRKFTIL, 2018 FEEEDOFTS EIF A HEEIZ 50 cm 3777, 50 kg fhO#E/ MR DB A D Ts, B
Fuvar gl LT, BB ARDO — 2L TEZLNTOD T EEERY Vo~ S — A | LR XN DI85
B D J7 [0 a P TE T D128 O AL B XA 10 s 2 F5flk 7~ 5, AFEBRO H AL TIE, -840 M 2D Rt A
USRI (ASIC) LA B -(A/D T X—H Lo Ly T B — AT TN D i R
B dihm L, 2 iuE L CRIBICOIZ> TEMERTBE CTH D EMRGET D, FFIC, JE A 3 113 B AR
THDHZEND IR 2+ 3 1R L CRLMENH D, i 2ilE B2 BTk RO F D THHK
200MeV D51+ ~U AFREHZ LD U BB G IS L DMERER L L, R A4 DRFETHDHIRFAA % H
WTT U T AR T 77y MSEU)D I DU TR 35,

1. J795

AN LA EOEEE B E 500km, HUEMERA 30 ELL-5E . @R OES SN FTHR 77y
7 A3 108 proton/cm?/s/yr THD, £z, B RPGHERFE H (SAA)EFEEND Y 7o« 7L O — % @i 3
HILEEETDHE, TD 30 FRE ORI ARSI NDZEI2D, FHRO Ea R ER I THY., T D
SERIR TR TRV — 135 100 MeV FEE THHZ LD, ARFEEBRTIX 200 MeV DR 1-#a RS L2, F7-.
FHARCB T D ER A O FEERR IR EAA L THDHIEND, 200MeV DIRFEA A — 2% V- iz
To7, D& ASIC WEBIZEBITABEHE L =X — R+ m<72 5L, ASIC ~AHTDEFD R E
AF L DZFLE—H 10MeV FLFEL A LACE — A O DR R E Co A Sk LT,

TR TR TE IR 5 A WD A DTS = R L% — BTt 5 — - B 7 96 B - DI

AHFTEL, 4IRS LAY L% — B9 o 7 — LD SERBFGe L L CHME L7,
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NTREEES

ASIC @ SEU fifPEIZ2U T, 2014 F8 KT 2015 4D £1 RRARLE - AMEH
FEROAL T 4R 2l —armR LITEEDT, $, I =RH  WenT RErRLE AR
TERAREFRRE LTZbDOEK 1R, 1 DENPLY 2015/2/5-6 btk 200 MeV  ALEX-01
F . ANITA | IRBE— LD TR —FERAE R TN 2015/9/24-25 UYL 220 MeV ALEX-01

Do PIAENESERRIC SEU M FEA LT BE D R B B D 2015/12/9-10 B¢ 200 MeV ALEX-02
B Wrmfga L, FrRERENE SEU 234D
T-ZEMBIEIESND 90% EIREZF L TWD, FRELT-

-10

2
1
=

E L B ALEX-01#03 Carbon
BRI L BB R 37e BREZ 10 Iem? FREELIE 5 | B LT
ZDZENTBEEZ LD, bbb, B SEU % : . | Sttty
BIEHZFDITHER LET 1% 2.3 MeV/(mg/ecm)EWb K 5 T | — ammmme
ENZ L& ZEOK T ORFITL ST ASIC NENZER  Bonl = e ———
ERIVED, ZORELLT SEU SRS BLEZ LI =
%, o, ZOMENS, BRBE LT SEU RAERE : ¢
#90.1 [8]/4E &% 2 B, Kanazawa—SAT® C-H43 128 | -
ARELHINI T, 1o

Flo VT NANRU T T T T DOREITONTE 402 10° 10" 1 10

LET [MeV/(ma/cm?)]

AL, FRROF IS EDRAEL DT,

PAZ, RIS T LU TR T A/D =0 /3 =4 1
W T L= FNT T GHET IR L THE e — AR
BEATOIZ, BRTORBEUTOR 2 1R, ZNHOR TIIHEREGR BT HH i 2V 2 ebd
D, E iz F AR T 2R DI ERNEETHLZ0, RAER IR LT 7o B R R g St 5%
ZETHIA DA &2 HIWT 5

1 SEU F&A: 4R (R A= Wi fE)

2 RAEMESLYAL

A% 3R - F

A/D ar—4 | AR EO BT, B, BE SR TS — 357200 T UHNVIER TR

L~yLs 78— | ASIC & FPGA O HRL ~ LD EBIE AT 5720 D3+

FXTT ASIC DL IENDMIF: DC BEL VA RS T 572D DHE T

sHET T [ B bR L CRETME A IE 3 27D B -

A/D U NR— BB LAY TH—ZONTIE, 100 krad B2 [ ol T —
FEDRFHTS U CHIREAHEREL Thov, WRERS OB bIE ™ & : T LR
LRSI, RSB LL TR TEDL WS " S st

T,

2IXEHET TN T, I EZ LIS EZ R L
72bDTHLHA, bkrad FEE TE D RRIGD TND, AT
(22U Th 10krad F2HEE T X T D, 10krad FREE Toh-o
THIFAE TELELETIEISH D0, 4%, BRBRICIDIEEMIC 1 _
T HELBIT, RS RIC DWW TH I A D DULERH D, 3 = = - = it

2 FHET T OMEREZE L

inst-out [mV]

T4 T &
- [0:330]DEEEET
it To1=,

V. #5=

ARFERIZEY . ASIC (3672 IE BT D HEHRTHE 23012 55 < . Kanazawa—SAT® O3&E H B A= CTHD 3 4
DENNIRL TR L DPERED 2 LI RS9, SEU/SEL 2343 DR IIAD TIRWZ L2 MGE TR, &
HITEDEIEE R T HE O T, we A H LRI R 2RO HUR BRI T RER 2 S5 325 T & Th b, AEBRKE RO —
. Sawano et al. (2016)Y, Yoshida et al. (2016)?, 33OV HFIHE(E IR KBEAE LiC YL THE L,

353K
1) T. Sawano, D. Yonetoku, T. Mihara, et al., UNISEC Takumi Journal, in press (2016)
2) K. Yoshida, D. Yonetoku, T. Sawano et al., SPIE Conference Proceedings, in press (2016)
3) HHFE &1 (2016)
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/NI fie B FE O AR HH e O PR RERE A
Evaluation of Performance of a Radiation Detector onboard the ChubuSat—2 satellite
RPN =N R NN/ S
Kazutaka YAMAOKA, Satoshi HATORI, Kyo KUME

HFx 134 iERT RIFEIRT, FE X OMZEFHEES/IMEZEE S (MASTT) T 50 kg ko /Nt
5 ChubuSat 70 =7 M T, 2014 4E 8 1T X #f A ASTRO-H LAHZED T ChubuSat #2583
6 EFonAZ e REL ., ChubuSat—2 (25 9D Bk H #3(Radiation Detector: RD)DBRF A& A% —h
LT/, R, R#ELEICHTS BT A28 T ASTRO-H O KIEBLANZE > TRy 7 757 RE7 D I # B 55
ZE=HL, ASTRO-H OV R—rFTHZENANTHD, BB EHIT TAT VI FL—2 O ¢
mx1 cmx10 cm) ZHEZ 10 AW~ 10 BREE L., FElC GAGG Lo FL—ZD 10x10 TLAZEL, SHhic
TAF 7 FL—2 % KRR EARIERL FBREDT0 | TTATF w7 FL—F AR T 6w FH
FND(T T T L), TRTOTVTFU—RIIRF O MPPC TN B A S A k& IC 7
STW5, FEFNART DL, TIRF o7 v F L —2 5 KB R LIERGELL . KB 725+
M E B2 HZETRIHTES,

AENZ20154E 11 A 16 H. 17 HO2H BT, Lo FL—F 52 S HINTHAOA AT B EREET L (BBM)IC
ORI T2 BN 22 TEORYMEBMERE, 7 THEREA MR T2 LI LT, @ —x /L%
—200 MeV & 100 MeVRBGEF 24 AN D1 C, L — e 100Hz F2EEIZITMRE TRV T Z LT, FHZEM T
TRHRENDEREAEE LT, B TR b O TIEH 7203, Z O THREMERESST T BREVEREA HERR
L. RN o T, ZOFERAZBEIT, 2016 4F 2 A 170 X #f 2 ASTRO-H DY T
JAXA BT BFH B2 =05 B Tn0s,

A4 BRI P TR R 2 (AR RIS = RV — I Fe o — R SR B 80 - KL 7R R 287 v —
ARFFENL, 2o R L(AR)E I = 3 — i JE ko — L DL RIRFFEE L CEML T,
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FHT RIS AR LT G ~ DA A B F2 R
lon Irradiation Experiments into Minerals as Cosmic Ray Irradiation Analogues
B AT PN ENEDDY =5 $RBHA™ ., H | A
Akira TSUCHIYAMA, Aki TAKIGAWA, Haruka UCHIDA, Akira MIYAKE, Kohtaku SUZUKI
and Yoshinori NAKATA

/NSO H DI KA D TN KRR Tl KGR ICIVFHBELDA B ZHZ LN 1T 5 SFHH S
TART L EHE CE IS IV N E AN TR A YU T D SHTTTHLILTWA, — 5 BEIZEMICBVL T,
AT R LN ST A A R -3 B T BRI PR S, SEM DO IERBEAL R E DR B 2B 25T
W5, Fex OWFGET N—T7 1%, 2O X FH L2 BfR 352 % B EL T, F2H TOA AR 1 PRS2 4%
BT~ EBRZ B R — et L A — DA A L AEANIEE W TERB I > QD Rk 27 T, FRE
DE—7F LT, ZNETHWCEIE T U0, aF 02 MIINA T, BBAICE ENHRFEN72 KGRI
B (TANATTA, U ABBAR, ZURZBAMARA TA, Y —_0T g0 AE R Er—H A =)L
) 2R CL 109, 10Y, 10% fons/cm® TOD 40 keV Hy D RS FERZ F5 272072 Y,

FEERAERFRE O SEM BlEZXD, TVARK K SGUELE) A RO A HE0F ORI IR, A X 225>
Fi)id, 24— NMEMIZEZO SRR EFF O eV o7, (1) 7 VAZ A RO IR BB T (2 k> TR
D (o AZZANE 101 jons/cm® TTVARZ DA T DN, T AXZANT T AL =7 -8k 10" ions/cm?
THTVAIER L2 o72) . (2) RICAL B (2o AZ X A1) ThiEmEIEREME LTI, DDIHNCT
YRZ AR RPN R EL 2D, 3) L OHMTIE 1-5 um BREOHHTEREAL ST VAZNVERSHIZA, —
VABZBARNTITMEW, £ —_X T TIE AR E R T VAR A B L STz, — o8 7 z-onT
I, £ifiz FIB 427V 7 LT TEM BlE8E2BI7o7, ZIUCEY, U A FANTI T mlaF 2 a0
RS AL D2 e B r— 2 AN TR ELIZRB IO, ¢ 7 [ ORGP ESNDZEN DD -T2,
Wk 1) H. Uchida et al.: Abstract of WS in Goldschmidt2016 (2016)
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2.4.4. MBI OB %

2.4.4.1
VI ORI LA R FEm DA TG
Coloring of Metal Surfaces by Depositing Silicon Films
PEECL o
Ryoya ISHIGAMI
Abstract

We developed a method of coloring of metal surfaces such as stainless steel, titanium, and aluminum by
depositing silicon thin films using radio frequency (RF) magnetron sputtering. It is possible to put various color
on these metal surfaces by varying thickness of the silicon films between a few nanometers and several tens of
nanometers.
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HHEM 580 D T IEN A CILLEDITODN, AOETEITEEIRSMELT, 3 GIREIEN 20 T Hiod M
IASHEIVCLUEWEEARMENTI, Tz, REITELIEEZ L, O T CROIEDMmEELIETIE, xt
G TR DMPEI RO, AR DAL RSN ENH D, ABFFETIE, mEH ~ 7 ki A3y 2 EIC K
DI BT DL T AT UV RS, FL I E DA RO FE R ERE 4 IR E BT D FIEEBR L,

I RO

BRI, ATV VAR, FHY | TAR=T AL LT, EAMABEL, ZROORO R I X8 m it EwJ,
HEALTR B EELLT-, ZNAEZETF 2 N — NIy LT 150°CH 6 300°CITNZEAL | AT AL LT 6X
107! Pa %If“i“CT/I/:I/ﬁX%%J\LfJ& EJEW~ 7 R e ARy ZEEE XD LT, 7R,
FRREZATORNC, IRIEEAR O FKHE 20 SR A NI —=2 T Tz, BRIERE D~ 7 b ARy HHEE ~D
BAEINT 100 W, BIEFAR DFENLIT-20 V LTz, BIREORER, S Va OEEZE nm 7>H8+ nm OHiH
TEASELZ LD R AICE R TELIEN -T2, K 1 @I, YVar DR CEBISNIZAT L
AR DO BEE T, T AE AT HZL T, SHICOEELESE LN TES, M 1 I, 1ERISEA
B2 TCEHEOLIAT VLV AR O G HE R, TNENHF G, REICEBLTNDIENSND, TH L RRIE
HRELTGETH AT L AR & [RIC G CRUE T UL RIC AT 5 2805 D e LIL R T
HDHIEN T,
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ZOFIEFBOFEENZFECOTHY
DTN I DD EALNIEF /SN L
DR THHN, S BEIOIFE T, Va0
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TZEEREEEET D,

1 (@) VarOlEIc Lo THAICEAS
TEAT UV AGHM, (b) BSPEA A% AL TR B
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2.4.4.2
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Influence of Surface Condition of Polymer Material on Plate Adhesion
2y I
Kazufumi YASUNAGA
Abstract

Surface conditions of materials influence adhesion force between materials and plating film. Alkali treatment of
polymer material such as polyimide (PI) film is often applied before non—electrolytic plating. To examine the
effects of various alkali treatments on the roughness, surface of the PI films was measured by atomic force
microscope (AFM).

LK)

MEBIOREIRBIZO > ELDFEF TN ET D, RVAIR (PD) 74V LD E 5y TR CITi@ S | B
& B OSEDOFMLELE L TT N AVIBS 2 EFVTND, TV AV A ZE LS PL 74V AORIAERA
EDINTEALT DN DU TIH - ) BAREE (AFM) 2 W CRHIE L 7=,

. %5

BRI HSNA 7L X 7 AV ERICB WL, B0 TR G B A S T AN ME L2 5, BURD
ZLDTVX VT INVEMBIZBNTUL, @7V AR EEEARBEZ T LA Abds s TlligEsi T
WD I BAEMEOSGR A EBLOME TROMK LA BIEL s i@ AL =& a7 1V
L E~OERBREMROBEREIEDBRFSI TS, ZOFIETIE, ET7ADVRIIZIYE 5 T HEFR mI
P72 & T R S T R A LAL B L | SO ICIEEfRD > X T HZ LIC IV RBELIRE T T 5, Lol
B T EIO R IR BEIC X > TE & B ER S RS2 W EIR ST E T D2 0355, FEIC, SEARBLRR O™
EREEI COB > E AR BIIBEMNTEAEL . TV VLR O &5y F-FHE O R IR BEL O BIE I T B E 72> TV v
W, EZT, AR TIERESE L Dm0 TRt O R mIREL & ®mL L, &R B DB A DO BEZ B 5
MCTHIEEHELT,

. B OEZE

AHEELTE D THEIO PL 7V A (RL 7 28 (BR) L B 200H, 50 um/E) 2V, 7V B VIR, BL
ROKEEET NIT A (NaOH, FyeHlise T3 (k) OFRIEReRR) & 728 R4 KTV IR LT 58 7 V1 UM D /K AR %A
LT, 728, PL 74V LD T VA VALVERIL, A 1 BXON2 mol/l, 15 20 BL O 56°C, MLERREH] 5 min~14
h Ttro7z, £, Bt O£ RO & B FHEIZIE AFM (JEOL JSPM-5200) & iV /=, HIEH 07 a—7
1% MikroMasch #£84D HQ # A7 Th 5, ¥ 1 1ZIFHEHIEL T 1 mol/l1 @ NaOH K¥EHK , IR 20°CC 60 min
SRR 72 P 7 4V AOFRIEIREEZ R LT, Fo, ARM I3 A S 500 nm X 500 nm THAGFL7Z, T B AFM
B D 2 ROFRHITRENTZH 300 nm DEMRXFOEROTA T 077 AN ThHDH, 2 ROKVH TR
JONZ, ZOT IV AVAERSEAIZ LD PL 74V MR 8 nm D EARZEN AT TS,

21 TER A 22T VIV IERSAEIZ 51T D PL 7 /v SO M @ AR ZE D B L AL IR ) D BELR 27 T 74k LT
HEDTIH5H, Pl 74V LADOREITIZICE 1.6~2.3 nm OERIDIFEAET HIENL K BORETEOFPHEZ KL
7oo TIVAVEEIE D @ IR LRI LY R T YO R 2N KT D2 ENHBNER-T=, 72750,
BRI DT R OB TR AR — e R IIRAE Th o7,

. =
Pl 74V 2% T )V IIVERIRALEEL . AFM Z W CRENRIEZ T35 2 81280 nm A X TR DO ZE A%
OMNILT, Atk R IR EARBAVALERME O 4 B D > E DB E MO B O 2 B SN 35,

(A FPGE TR —BRTE R X — - WF IR S AL - =L — R v — T
AFTEIE. (AM) FPE = RN F —F5e e 7 — ME R RIND DX FEF e L L CEMI N,
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2.4.4.3
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Development of Fiber Produced by Polymer Containing Polyimide Structure
JH T B &
Masanori HATASHITA
Abstract

It is well-known that aromatic polyimides have found wide applications in many industrial fields due to their
excellent thermal stability, high mechanical strength and superior chemical resistance. To development a new
polymer fiber, polymers containing polyimide structure have been focused at this time and were synthesized. In
this study, aromatic polyimides composed of carboxylic dianhydrides, diamines having sulfonic acid and diamines
were used for heating test. The thermal property of these polymers was discussed.
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AL, ARl Z O T OMBGERBRZITO, S0 T OMBWEIC OV TEELT,

. R OWEL
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=
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2.4.4.4
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Development of Rare Metals Free and High Toughness Titanium Materials
2y I
Kazufumi YASUNAGA
Abstract

Microstructure of Ti—0.9 wt%N specimen was examined by TEM. Low density of dislocations and lens—shaped
precipitates were formed in the matrix. Analysis of the electron diffraction patterns taken from the matrix and
the precipitates showed that the c—plane of the matrix and the precipitates are almost parallel, and the lattice
constants of c—axis and a—axis of the precipitates are larger than those of the matrix.

LK)

EFRBLT 22 (Ti) IR Z U T A~ BERE 36 L OB HIN TICIOIERIL 72 Ti-0.9 wt%N #ED NES
FARA TEM @I L70, REAmRINIZIIAT B DMFEAEL THY, REFEE ORG i 7 A1 BAFR o8& 1 iE 4% & - #7[F]
T DFEHTICZVFH L7z, AT ¢ i LY a SO T EEUITRHEE i L THERL TR0, RHEE
L CEFRIE L O EWHTHH DO ATREME S R W EDRAB N E o T2,

[.H5
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2.4.4.5
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Preparation of Ultra Pure Alloy
[pEeh S
Shigeru NISHIO
Abstract

To prepare cheap ultra pure stainless steel the alternative purification method which uses alumina crucible
and magnesia powder is examined. More than 50 percent of impurity in stainless steel was removed by this
method.
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2.4.4.6
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Encapsulation of High Functional Polymer
OHEUE 3 L L2 AOKRAR SR in 42
Fuyumi ITO, Kohei YAMANOI, Kyo KUME, Takayoshi NORIMATSU
Abstract

Stress Corrosion Cracking (SCC) sometimes occurs in the heat exchanger pipes of aging nuclear power plants.
Magnetic particle Testing (MT) is used to facilitate visual observation on SCC. We manufactured a capsule of
high functional polymer to apply a capsule to a heat transfer pipe.
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M B CH DRV AIRIE R Z AN 72 A D B3 1T o7 RUAIN IR S & 2
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R 7 ae L U BIEER(PP) < AR 7B & — U ER(POM), W EL TRUAIREERKY . 028 LT Va—r A AL
(KF-96 10cst)& A =,

PA66 ZRYAIRRIRIZAILT, PA66 ARV AINER CHE T, D%, RO LA 123 rpm
® 02 HIZ PA66 # AT, 60°CT 1 REINER R AT o 7o, MEMEFEL . O2 ORVAINEIR Tz
PA66 ZHEDHIL ., [EAE 100 um O ABHIFEAToT=, TDH% . RUAIRDOTE PA66 ZFED H1I1Z AT PA66
DIEEIRSE  RVAIRERAVERLL 7=, PP 3L POM [ OWTh [RIEEICATo 77, Z Dfk 5. PA66 FmilT4:
KZRIAIRD IS, PP (52 (CH,CHCH)I . BN IRFED B TH D, £7- PA66(LF:
[CO(CH2)4CONH(CH,)sNH])F LT} POMUEFE: (CH,O))IE . IR FE LIS OREE THHZ LD M TH
%o PAB6 DILFRIT 4,4 -0 TV 7 2= L —F L O FER L THY . INEEEEIZ PAG6 DT I HL L
Ea Ay RO T —T LN EL, PA66 DFEEIENRVAIR THEBELZLEE DD,

. 4=

RUAIRDOIELINEE CTHD PA66 BROFMIIRVAINE CTHEE T HZ LA MR L=, 5 1. PA66 D ELLZ
URIAIR I SV ERT %, £7- B ZIRA LT PA66 Z/ERIL . 20D PA66 FMEICRVAINEIKRETE
VBRI THOZ L TR DN B LTZARIAIR A 7 eV A ERL A 2 LN AT REL 70D,

2 B AN
D) RERR L — W — v —2iige b o 2 — SRR e R S 3, 2015B2-08, 2015

AR I RN — R JE e o — TR - L TR SRR 27 L — 7 P KRR - L — = L — 2 i 7 —
ARBFTEIT. (A BB = — 8 o 2 — LIE SRR AR S L0 SERIFI A - SR RIBFTEL L THMEL T2,
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INZEA IEARRE AT & 0 M BB AR I S L ORGSR 0D ks BE T oA
The Quantitative Analysis of nm—sized Defects in Structural Materials with Cs—corrected STEM
FEK TN Y S
Kazufumi YASUNAGA and Hideo WATANABE

Abstract

Fully annealed Zircaloy-2 specimen was examined by Scanning Transmission Electron Microscopy (STEM),
TEM and STEM-EDS (Energy Dispersive Spectroscopy). Microstructure consists mainly of precipitates whose
diameters range from 2 to 800 nanometers. STEM-EDS analysis revealed their compositions to be Zrs(Fe, Ni)
and Zr(Fe, Cr),.
LK)

vhaA 2 OBESIA OEHIRLAR 2DV YT STEM (Scanning Transmission Electron Microscopy) 385N TEM
#BlE2 X51201% STEM-EDS (Energy Dispersive Spectroscopy) (ZED TR EAT o7, PV A 2 OBESAT
DAL T EIE I LD EA SNSRI Z LA EFAEE T T DAL F Thh- 7=, STEM-EDS 4341
XTI L 2RO FAEDS MRS AL, TSRS Zra(Fe, NDIBE O Zr(Fe, Cr), THAHERIESIZ,

. %5

D= A (Ze) B T W T RS S/ NS T R K T O R E N S W EOPEE A2 O, Zr & REH
EL. EOMEE (B Rk MR LR, IHEPE) OtEE B AL L TR~ 725t (Fe, Cr, Ni, Sn) RIS
72 Zr BEDEEINTEY, ZO—THHY a2 (X /KR OB K (BWR) OBREHEEE £ L
THOLN TS, Vb haA 2 1TERBEE BT L5203 b TERY . FREH R Fa-<oHT &k 60k
N EDBENERSN TS, T2 TEAAL I 151K T2 E AT D RIS 0 R R L a0 RS
AL T OREZFEL QD AEE L, ST EAAVREEIOU LV IaA 2 BEMA ORI S
WCREL-MERE ST D,

. B OREZE

HBHID L uA 2 THY, WERRO LR EZ R LR T, EBIT Zr ~ORINT#E, BBV FEIT
R IEHETHD, EHE 3 mm EOBIRO DV AIEA 2 % 0.1 mm JEIZJFIER , 3 mmgD T A A7 FRIZHTE
Pox TEM B2 ORI T.UT-, BEShaTICIZra AlE 25 g VMg 202 ml, 58K 40 ml 7B 5 B iRk A
FAWT IR IR, BB 15V OSRM CHEMIIE LT, BEdiAIHiE, H22HE 3.0X 10 Pa, iR 630 C.2h T
HD, BERLE DOFEHL, A% /—/L 950 ml, i@HEFEEE 50 ml >S5 MR T TenuPol-5 Z W TY ALYy h
WFEEVEIZ X0 L LT, WFEESR T, WRIR 7 °CL Kb 29, fBJE 24 V., Bt 165~180 mA, JELELEE 30 T,
HIELETORBITHR 20 s ThoT-, s EOMEMRLRR OB 221213 TEM (JEM-3000F) % FV 7=, s 1%
300 kV T35, STEM (Scanning Transmission Electron Microscopy) 3L UY TEM #%%. &6121% STEM-EDS
(Energy Dispersive Spectroscopy) (ZX0TEE T E1To77,

UvhaA 2 BERA ORI LI L0 E A SN EEA TR T STHY O 720k
RETh-oTr, T TSN B ZE DU RIZOWTRT, ) 1-1 1T 5 SO W% & TefEik o
STEM B4 TH D, a BELON b LEIL-Efilif) 260 nm O IR B L ONEESK 125 nm OERROHTHY)
DIFAEL TV, HTHY a \ZITHRE TR A ZZ Bl 100 nm O M 5 LIZXITTEEL TWD, ZOHTH
MOa N ANIH Y a BEONb JOHE TR, FRED = T AROARY RIASK) 26 nm LT 27 nm DI
ROHT B RERRPE A TR LTz, ZIHOT AR T 20584 DN Z 95 STEM-EDS v v 7 %X 1-2(C
IRT, ATHY) a BEOVb 13X Zr, Fe, Ni 25 A TERY, Kk X BERE DN Zr, Fe, Ni OEIGNEIE 4:1:1
D Zry(Fe, N) ThHHEFESI, — 7. K 1-1 HUTHEHRIH A TR U 3 DO L AT a BL O b D
Ni |28 Cr 28 7, Zr, Fe, Cr OEIENEE 1:1:1 @ Zr(Fe, Cr), THAHLRIESIIZ, HTHY a OITEITIF
1E3% Zr(Fe, Cr): IZIEIX] 1-2 D Cr O~y 7 HIZRHZFHT TS, 2D Zr(Fe, Cr)o 1 AT a DAMEIZIRD
FORIARTHAHZ LN, Zra(Fe, NDDOHT IR IZE DUTHITHT LT LB 2 B D, ZOHT W O EIEF % 7~

AR B RN — AT o Z— TR - =L — BB L — T SN R EAIE T ) AW AR - A RS S5 Y - et b ek
SY8F L ABETRIE, (M) B PIE =X — M 5E 7 — D3 TUIN R D) AR FE T & D LRI FEE L CRMEL 7o, AWFTEIL, JUN RIS )
SFRFFERT O I FR A DFFE DBk a2 Tz,
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22T ) O3 1T O FEEE TH RS NZ, X 2 13 Ni(F) BL O Cr (OR) D434z 779 STEM-EDS <
TOERREDEG THD, F CIRINZETK 740 nm OFL KR Zry(Fe, NDDJE FHIC, R TSN M E
572 40~140 nm @ Zr(Fe, Cr), BMEEHTH L THY, oM HIEF%2 3 o5 R Th D,

DvdraA 2121% Zry(Fe, NDFB LN Zr(Fe, Cr)y T D ERIE ST HIITINZ T, &5 B CRckiZe AT HH)
bRz (K 3), BURE A CIIAT I AR T DR ITRFIE THL, BV ROa L N AN B350
£ 2~3 nm OF/IMTHPI TH D, NSO IMT L E TR RS T RS 3@ 2 R LT, X 4 13hE
28K 2 nm @ 2 SONT DM FAET DD TEM BIHEHE CHD, RETTRUATHIT AR BTN
1 nm NLENSZEEL TS, EBIT, 2 DO EBIZIZIRG Ll TOD I EDER SIS, R 10 nm
DOFE N LM IS EF-IRE R DU VoA 2 O 3 IRITT hAT 0 —7 ST IR SN TEY Fe BIW
Cr DIT A LFESITND VA, BULHL O B THIE R SND AT REME MRS D,

. /&5

Ui 2 BEEIAIZIX. Zr(Fe, Ni), Zr(Fe, Cr), B OUIMT D 3 FENIFAET DML 2>
=, Btk g% W2 AV REHZ ARG O T R R K E ML EDBRICOWCRE TS T
ETHD,

SZ 3k 1) B RFERHREE 111021, 2011.
F 1 BERR OV LA 2 O

Sn Fe Cr Ni [0} Zr
wt.% 1.20-1.70 0.07-0.20 0.05-0.15 0.03-0.08 0.07-0.15 Bal.

H C N Mg Al Si P cl Ti v
ppm 25 270 80 20 75 120 30 20 50 <20
Mn Co Cu Nb Mo Cd Hf Ta W

ppm 50 20 50 <50 <10 0.5 100 <100 100

Zr,(Fe, Ni)

<'—\Zr(Fe, (efp

X 2 Ni(#)& Cr(R) A% 7~9 STEM-EDS ~v~7  [X 3 W ﬁﬁjf%@ STEM AR BF4

S
Sy

o il e P;‘-“

4 FEBABRIBRE T oMM S O RTEME B X OWR 2 b A~ d TEM Bt B4
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A — DL SOSE R LT 8km O B O RSSO L 7 B %
Modification of Magnetic Properties of FeRh Alloy by Using Energetic Ion Beam
EWRRS R IR HRIZ 2 BBERIEAT, AT R AR
Akihiro IWASE, Toshiyuki MATSUI, Hiroyuki UNO, Yuichi SAITOH, Takahiro SATOH and Ryoya ISHIGAMI

Abstract

By using the relationship between the irradiation—induced magnetization and the depth profile of the deposited
energy, we estimated the magnetic structure of ion irradiated FeRh as a function of the depth.
2K

AF RS WA LA A N LD B F — OB LY SRIM a2 —RZ W CEHR LA 5= xv
XF—DIRS A% ST, He A4V BRI L8k D 2L 73BN BT ARSI OB 2 b A R L 7=,

L.

=
il

A FETONTECEY, BkaTy DEEIT A A RESEATI LTI | ASRO SCBBEMED DRI, FERaES
WIPEE N AT DI LD 3D oTz, TOZEAFIM LT, ABFIE T, $im Py LB O TRS I 8] ~ DR
UL S e (R AN e N et

1. SEBRfigpT 51k

BTy LT B 2 MeV He A4 THREL, A4 L8kay T ALOBPEFAERICE>TH 2 b
LN F — L IRE R b DO BE AT~ 7z, — 7, 3R —F SRIM 12X, $krP T ADTES T i ~D =
INF—(FEEFAR LT, 206 2 FEOT — 2% HNAZLIC R, $kaPy AOTES i~ ¥ D XI5
REE IR CWAE R L=,

1. FEERRE R LB L2

X112 2 MeV He % 1.4 X10"%/cm® S & L7z &O TRISND R LAz R T, RifND 2.8um £T
VIFRIENERE . D EfT 5 RV X =R K&ELRD7280, 300 nm JEDFEREMEBAE I, SHITEVWEZAT 200
nm JEORWENERE, E L TEDOE BRI REMEE DI BT D LIS AL, oRisM:  FERENE  TREEME | SR sE
MBI DR 2 FERE ST 2 NAT AR BLOT= D DB Th D,

V. 5

AT VIRBERIHLC, $kavy LSS OIERS H R~ SR A B E 2 ER T 52 L vl RBIC /2~ 70, SHIZHR
R (LT 228280, by T F T FATEHRE Y T AFIZNWANWALR S B A S TERR L. KT
INAANGS T B A[REME N BIT T2V 2 5,

(emu/cec)

X1 2 MeV He & 1.4X10%/cm? B L7=LX D FHISNAfaFnE L
DESEATM:,

Saturated Magnetization

0o 10 20 30 40
Depth( ¢ m)

FONSIRIEEN RIS SE RS TARFTERE, ™ AASEREEIEN - KRB SERSE - 21 HACRH AT T (LR B Aok U, (=) B
ARIRF-FIRTFEDR FEREAS (B, BT R A AT FE B JEREAR) | ° () H 818 = p L X — Wik gE o — - B FEBH 6

ARBETRIE, () B PE = — i JE 2 — LRBRF LR, (R BRI kAt (EWT) B A7 b JEBE 58 B & D xS 3 ]
WrFEE L CHEMEL 7,
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2.4.4.9

PRV W8 NI — e — A EEIT—OERIEZ A W ZIREER T 27 L A D FEH
Laser Beam Scanning Mirrors composed of a New Material and its Application to Eye-Wear Displays
L o | e, SR BOSHERIB SR — R0 fm AR
Toshio KATSUYAMA, Ryoya ISHIGAMI, Keiichi TERADA, Yoshiteru KEIKOIN, Kazuo IWAHORI and
Yasukazu FUKUMURA

Abstract

A prototype of the laser beam scanning MEMS (Micro Electro Mechanical Systems) mirror has been
fabricated using new Fe—Pt magnetic thin films. These mirrors can be applied to the eye—wear image displays.
2K

IRGIUL — W« T U AT L A D FEBLZ BRI HREMA BT D Fe-Pt BEM: IR 2 IV TR A= I L — B
' — 27 MEMS (Micro Electro Mechanical Systems) X7 —D 7 ahZ A 7 Z{ERIL7-,

L HE

WA, G REL TOT A AT LA B DI RITELL, &I @%n’*ﬁ]ﬂ%f\pﬁé&“ 29 HDIRGIRL DT 1 A
TLAX, BRSBTS LIEMGESN TS Y, ZOEBRDOTDIZIX, BT —WiBEELT-00 ZJFAL —
PHIRE, ZHDHS T2 = ARDOL —HFe —2%— K| 'a_é/\{EZDD”) BLOL—HE—2% 2 RtIZER
T5EEH MEMS I7—%2—KMbLIc DR 0 | o/ NI EASREEE 72> T D,

ZITIE, 2O v O I ThHAHERH MEMS X7 — U CEMBREIAZ AL, #ikTECh
% Fe-Pt i V% VT MEMS 27 —%& FZFERICERLL 7265 RA S92,

II. SEBRJ7 1 & S ERRE R

MEMS 27 —Di/ Nk BFIIC, 1) Fe-Pt faPE@IEO fERIE Fei (., 2) MEMS X7 — O /ERL 7 ok
2D AL BEOB)MEMS 37— M A7 OVERID 3TE BIZHOWTHET LI, UL TFHEB S LI Rss 5
NI

1. Fe-Pt Wt ER & fE b,

B — AINBGE S ETHRIEL . F 0% ROAMINEEE 7 =—Y> 2 (650°CC 15 min.) LT Si 55b iz
VERIL 7= Fe—Pt MIEOEE L 142 nm, #1F%IZ Fe 23 56%. Pt 2 44% Cdro7=, ZOWEIEDRE 2R AT
AR 1R, BB H IO, N PRI 11X, 10 kOe FREEDHDNEHIL, ZOfEIE, K<
HHNTNDLT 2T A KD 3~4 fFEREV, £z, B kIL, 0.8 Tesla FEEEDHDNFHIL, KA A ELLT
Fe-Pt I FIRE CTH DI ENRS AL,

F7c, Fe-Pt WEA~OEREARSRIE 5 Tesla TITo7c, ZORR, BRELIZBEMMBE A DD IS
BT T ZED D, Fe-Pt Wil EEIK ABALL TODZ LA R T HIEN TET,

2. MEMS 27— D& LER 7 n AD fcf b

MEMS X7—0 a[BIX 7 —H 3 L D 728D O & LN L7 vt A0 i b 1‘%:470710 Si F:AR iz,
e —LERHATEIRT —&, FhEe HBIMETAZ LD TEXOMEEZ TR T 572012, () af#T7—H 0 ok
TR ke LT, CAD(Computer Aided Design)FzffiZ-42 1 b?inx HE1ToTe, F2, () FTEIR7 —EH 00k
W7o ADOE G ET v RSO K LA, GED MEMS 27 —1Efl7 v 225 E 1L TfTo7=,
FORER . Bk B ChDHT A AT L A DY T& AR EE D XGA(1024>< 768 BT HIDDIT—D
jt%é %, 500X300 pm 720, ZOREL-REEOEIL T e 25D i b A T oA R X 2 1R T XS
(2, BT MEMS X7 —O RTEIR 7 — 02 BB BER 352 &3 CTE T,

FUEH R SR PSR, 2 (A # W = R X — i ge v & — W JEB R s =R X — MR N —T B A e AT e T — LR ERR
DABATEIER, M R B A ALR - T B R ARHEHEAE P RS v~ B, MR %%%TAHZWDDQ

AWFFRIL, (D) F5PB = RN X =T X — L@ IR 7 A TR T 4T — VRS S AL AT A&t yr<r /b
B R AL OSSR FEE L CHEMLIZ,
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3. MEMS 27 —7"uh& A7 DIEHL

F9 IREEA T A ATV A DWEIE A M B2/ UL — e — LERIT —ICBL T, B — AR A O i
b, B 22— DO — AREEBICRE T H2V A= DD DEN L L XOTNR ., IR, SRENE SO R
W b% | FeAR B I=21—% (ZEMAX OpticStudio) & VN T{T o7z, ZOFER, B —ARNAEL T, 30 deg.
(£15 deg.) HAUIE, T2 B A CREEHZ K TEXHIENREINT, Fo, BEEENLOIE — 208
MEMS 27— TCEDIN I SN ERF LT, Lo X W THIR LIZL —FE—2ADIEA V% 6 deg 2
EEICTENIT, M —AEIT7—D UM 45 deg. DHE THO, HEIHEIT—L D FEREAS 2.9 mm LA F D
e A OEIRE MEMS 27— LD WAEA A 80% LA EDE R TTEXHI LN /RENT,

utmwﬁﬂ:@rbé: MEMS 27 —7ah A7 1L, BIEO VL /AR <AV ERBI/ERIL 7= 81T —ER A/
HBEDE TR LT, B LI MEMS 27 —7 MM A7 DEHEZK 3 ([ZRT, l75 BFINDHINT, AN
5X5X 3 mm D/ MEMS IT7—RNEHL TODIENDND, K4 1%, ZOIT7—IZFEBEIZL—HF e — 2%
LT, KIHLTZ A7) — BT LT=b D THD, RNsy b5z ﬁﬂéﬁl‘? HAED 30 deg.DE —A
RNAPELI TV, _@k%@@mﬁ 1%, 2 V HREEEEL ER SIS,

. #&=

Fe-Pt BPEEREZ FHWAZEIZLD, 2 IRoTEBNATRE T, AR 5X5X3 mm E#/NMUD MEMS X7 —%
KLU, ZOVAXE, WEROERBFENIH MEMS X7 —0OH AR AT, 1 MFREERINTRY, a1/
O/ EINFIZER TEAUL, TN T DL IRETH D, £z, BfEEEELL T 2 V OIKEEEED 2
C&EZ, 37—V AXIZBELTH, 0.5X0.3 mm O/NRULNER TETEY, A RI/ERIL 7~ E R EK#En5Y
MEMS 27 —% W T, IR T A ATV A KB CEXDHH WAL CTHIENTET,

235 3CHR
1) B. Kress, Frontiers in Optics 201, San Jose, USA, FTu2C.1 (2015)

2) A. Nakao et al., Opt. Commun. 330, 45-48 (2014)
3) A. Nakao et al., The 22nd International Display Workshops (IDW ’15), Otsu Prince Hotel, Otsu, Japan,

PRJp1-5L (2015)
4) R. Ishigami, C. Batchuluun, and K. Yasuda, Nuclear Instruments and Methods in Physics Research Section

B: Beam Interactions with Materials and Atoms, 275, 58—62 (2012)
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BEg < >,/§§/<<{
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-~ - P
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2.4.4.10

s BN LD 7 AT R - LRI b — & ZA A%V D REEBHSE EREREA BE~D i
Development of a Fabrication Method of High—Aspect—Ratio Lotus Metals Solidified under High Magnetic
Field and Application to Functional Materials
BERFNSE LR — R S BE R
Kazufumi YASUNAGA, Ryuichiro YAMAGISHI and Hideo NAKAJIMA

4B DOVRRIR RE LB [ENIR BED K ORI FE 754 R H L C— R 2 K> CRILA—JF i~ 7-n—#
Z(Lra) MR —F A& B AERT 52 L3 TED, B LEE SN 7o KRE D E IR A TR L CEM O
KALOFE IR E L THAR SN D72 51E, KALDO I E TR L TRWRILDTERSNDILT THHM, i+ T
L) DR EAE T TR Z > TS, ORGSR, IBALT DI T DAKFE DRI Lo TR I A HEEL
LCLEW, BEETDEFHNOZRILDOKEICT 5 Lale>TLED, ABFIETIE 10 7 AT O BG4 4 8 OV
VL [ R EDIN L CRUE DR 2 INHI L K& 727 A A A+ on—2 A8 B a2 flfl+ 522 HEL
Too 777 7ANRENC~ 7 3 A (RIEE 99.9%) M2 AL, MFEE -~/ Xy hORT NI E LT s ik
FEE & O TR B X OVE R B8 10 TATICBITAn—2 A~ 7 3220 AOVERSEBR 21T~ 7=, FTEDIN
JEARFFZRFAR T CTYT R LEEFRL 600 s O], PrEDIREICLIME, 7/ F ax—2—ZJVNT VA7 7
—OyREFTED —EHRE T N HICBEIS T LI I> T aEEEE T, (ERlESh-~7 27 L
ey NIXUAY—2y N EIMN T CUIEtE , Wrm iz a 1070, Fo, X CT AF v —IcXh#siny RN
DRI RER FERTEEAICEBIER LT, DI, TAFAT RIEICEV 0 —F 2~ T R0 LD E AR E LK ALFR
ZRHI LTz, K[ALEREA SN BIZR U fE BL, iRI C X DRI RE OB E 7o AR R 3 2 R T& T,

L) #5 S = 3 VX — 92 v & —  FZERR S - =L — R L —7 %2 (A 258 = 3 VX —F e o — - A S BRI - B
IFHERREE | *3 (A BB = X —ifF stk & — T &
ABFZEIL, JSPS BHIFE: 25249107 DB Z5% 37,

2.4.4.11
JRFTINEN T e 2% 5. 2 T2 K FEA A FEAFIBER [ DB 22
Effects of Localized Annealing on Damaged Layer Caused by Hydrogen lon Implantation
A E | aEE ek
Hiroyuki IWATA and Ryoya ISHIGAMI
=t

BR—=KBAF L EASHIZI VA (S) T TIN5 LRI
YRZ) o S ROHMBEN BT HZENEBND, ZZ TN 22 B0
TRFTEINCEREZ 525281280, TVRZV T HDWITHIBED TR
oW EEBRL WD, TOEENERIZARK T2 K8 Ok 1% %
TUEE - BEEE (TEM) IZL DB ENC LT,

I A&

FUEHZIX ST EAERE O TS, A4 T EAH SKORARNE-E A AD
FHHEIMBVZ X0 I T2 R 3R EY ) Len | KA RPTHIEE S %,
ORI —F e RENENLRFTINAZ O T84 EAREDS L
SHOFAR R R U T4 R RO BB oy X1 I LEOBrETEME
D, ZOEXRHFTHIR BRI LED NS J1 A o 7 A 2 A RIBEDO R BAERIC R 2O TR S 4L
HZERDD T, BILTINEE OFIBED IR OWT TEME Th 5, 2B, FEEH B L OT VAR 7 D
SITFPTINEAE A L 72 W ZITHE A 1~2 HTREL 2> TCWDZED R TE T,

TE R L NF - LA B F R 2 (AR BBl /LR — W gt ¥ — B JE BIFE i = L% — KPR 7 o — 7

ABFIRIE, (LA BT = L% —FgE s 5 — LB T3 KN B R L L TR ML=,

Dislocation

110



e = L — W% e X — R CE Rk 27 4]

2.4.4.12

F B D S EIIHT H LT R DO IR RFA
Distribution of Nanometer—Sized Diamond Particles Dispersed into the Ni Plating
LKA e 2 R
Kazufumi YASUNAGA and Tatsuya SASAKI

FOBFE N MM EE RS0 e R B (B ) 213 U LT FE 4 DVEREA AN+ AR REMED ~ & LT, T/
BAY LRI —R T ) F2—7 (CNT) . RUT T 7 A naxF L (PTFE) &) TR+ 2 EE LT EE
= r =D oI DM IEEITH TND, HSEDV NI A THL= V-V 5B IT57)/
FAX TR, EERE 7B (SEM) 2 W e RmBIEICIORIEIE nm OLRO B3 v AREL
THERSNTEBY, ZNORTMULET /F AV ELRICER LIS DET DL ZD~ Ry 7 2 TO AR E
IEH BT <ERERRE TITZR2W WD EB 2 T0D, RBFE TIIAE 2 b > XM THBUREED 8725 ) /4
B oo ERIL , %R B BAMEE (TEM) 44 W T 2R+ D4y Bk BB AL . T /A H-ZD
VBRI OMENI I A 5352 B E LT, (LT 2R IR ETE THARD AT 48 50 nm D) /%4 A
YELURTHD, BEME NP Do ZIEHICHNANE HNTH I Z AT B R E S, SUS304 ORA T 14.7
D JRIETHH>E LT BRI 72, TEM Bl 72D1Z SUS304 DOFENS T VSR a V=T 1
TNIMTELDY 6 kV O Arz WA B E T , Do XA #E R L LTz, ~ v 2z
&, FIEAT BB DNESBLIZHOR 2~5 HOESEREZTERLTZbORNFEELTEBY, BELIZLON
LN EBRHBNE ST, A IRIL 100~200 nm D KEXETHY, SEM IZEDFHE 2BV CTEES - BIRL
TR CFET DT XA YL ROELS R THLI LRS-,

() BRI = RN — W FE B 2 — B ZEBHSENR - TR =R N — T T ATy TRt BT B R AN
ARFFEL, (D) BPIE =R =W et 2 — LT ATy /RSt L O LRI FEE L C RS Mz,

2.4.4.13

TUSs T VBRI 0 RO AR LI B 5 TR 2t
Auger Analysis of Surface Metal Layer on a Flexible Material
L SN 527 1) AN TV 1Y/ N
Kazufumi YASUNAGA, Takayuki NOSAKA and Kazuhisa TSUJIMOTO

WA BRI~ IVAT T ARV D BT, T T T T ASAAORRNE B IN TR, HAEME
DELS TRV T INWIREE MBSO =— AN EE-TND, 2T, =7 /L (Ni) R0 (Cu) Do XTINZ T, 1T
ATERAWEIZEN AR (Sn) RIRIEMED 5O (Ag) DO SERRITAE AL, V=T T T A AT/ AL
FRARZRKDOENTNDTLF T T AL E WA Z AT 2E B EOB R EZ B L CWD, AREEITR
VAIRTZ 4V B2 Cu o EL, EDIT Sn H-oX& L7z 3 BEEDO 7L 7 WEEMEHIBE DA E
1177, 3 JEREE 7 0V DTIRERR LimBREOENEUDGARHY, ZOFEN L AL COME AR V)R
DD, ZOBEEEEEIT. 3 JBHEED 7 1V LEAERT RO TAVLEE O TSN -b D EE 2
TWD, ZZ T BOIFET DI ED > D IEF SN2 EIRIC BT, A=V =BT AT (AES)IZ X
D Sn BEO Cu DIESF MDD 54 % G-l - Lhik 35281280 Sn - REDO L ADJR K Z T~ 52 L% HIE
L7z, FHENOIEENIZ OO EEIRE T NI AF L TR 2 N\ AN X —F 5221250 AES ESOHIEL
Tl B B ODIFAE T AREIC BV TR F DD Sn (N2 T Cu M ENTZ, — 5 BOTFAELAR O ER
IZBWTIEFERAITIE Sn DD DFERSIL, IREIZIBWT Cu 2 a2, EDOIFE T AREIC BV T
I A% OBSLIRIZEY Sn—Cu b LIRS B M LA AL L TBIES AR R 57e B 2 Hivd,

A BT IR =B SE e F— PR - =R — MR A — T Lo et TR R L F — - BRSBTS — 2 —

7
AL, (D) FPE =2 NF =it 7 — st — L U A S E 0L R L T EES A7,
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2.4.4.14

KB Si &= — TR O BRI
TEM Analysis of an Interface between Si Wafer and Ag Electrode of Solar Cell
LRI I R
Kazufumi YASUNAGA and Shizuharu WATANABE

KGR R ENZITEEIEIZLD TV (S) D pn BEE TRAEL B Z MBIV 3729012, 8 (Ag) D
BLAR SRR I ZEIRITZ A S LT, UL, Sio AR FE IS TR IR T D A F2 (SisN) DS R B 11
(Anti-Reflection Coating: ARC) £ LT Ag FBMRIZALHIIC 100 nm FEE DJEA THES B KA1 (Metal
Organic Chemical Vapor Deposition: MOCVD) (ZIDIER S TUND, Ag BEME Si HE DS IRER IO
ARC @D Ag BEMRE T CORERIDIRREIIEAIRPTIC R &8 % 5.2 5, 77205, ARC Z+rBrELTR
PRI Ag BERRE Si R mA TR CE iU, REGEMAEGED M B IR SIS, 22T, TEM Wikl
212D Ag BARE Si HAR 1 OGRS SRS KO E LT 5252 HE LT, Ag BMRIE Ag ~<—Ah
(Ag R, HTAK, B ASAL X DIREW) % St FMUTAZY— U FIRIL 7= BERR 35 Z L0 S
%o BERLHNT ARC 1FIH T AR R D53 LD SO K053 RER S5, Pb-Te-Bi 523KV Ba-Te~Zn ZDHZ
A KRE G T Ag N— AP IV TERBH A E R USRI A LM L 725 5L, Pb-Te-Bi &1 Ba—Te—Zn SRE I
L TR A HT BRSO W 2 EM B 7R o T2, HEAKHLOAR W GEUEHCIE ARC IR R Sd, SiFet b
TO Ag DT HCH T AHTD AgTe HaDOHT D HERSIZ, AgTe BBDIFAEIIH 7 A O BRIREE L
HINSH2 rRetEb iR SIS, — 07 BEAIRELO @O BB CIE ARC DNRF A B REO R AT Si Ff R1oik
7L CEY, ARC & Ag ~—AN D Ba-Te-7Zn ZHTALDGVEDIRS B HREL 7272,

() B T RN — W FE e 2 — W ZEBHFE R - =R — PR L — 7 R R A T R s - TR B S
AWFFRIE, () FPE = 0L — B 5E o 2 — ERAHME A ROEIR TR N e O L RAFFE L L TS/,

2.4.4.15

Uy NIRRTV A A BRI AT B B 3 A0 5%
Development of Electrochemical Processing for a High—Performance Silicon Interposer
LRI R
Kazufumi YASUNAGA and Yukimi JYOKO

Hox T ALY YA A AR =PRI AL HIEL T, U= (Si) B B —E Db
B, MutgfE & LT RE T DIEME O IR 7 A5 (Si0.) BB L OV E MO > X Ofilfit L7 D =7 v
(Ni) J8 OfEfE % FZBL T 2 HAMT B R 21T > D, BN B R bR LT 5720wt =y F 7 LT Si
FEART Ni T EPEALALER |2 XD SiO, BB X ONNI BETERLL . ST mIC R EfEO > & it L7- 3 e
T D, Ni il ST ALERS L, Do X3 H NiJREE 0.1 M, pH8.7, i3l 70°C CTh D, AWFIE Tlifhiz/g
ELTHERE T2 SO, BOJE AT KIFE T Ni il IS MEALALERFE R DUV TR B72012, D3 4y, @5 il b
WVBRL | 2D EIZ[R]— S CREMEGND > X U3 2 E R L 72, BB MEED - XKML, DoXigd Cu B
FE 0.03 M, pH10.3, I8 62°CTH D, HoZx7 v AZIEREN =B, A4 AT A& HWT Ar A4
VO LT AZLICEY TEM Wimaiele L STEM-EDX JEIC XV TEES Ml a TS LT, FOfE% . &4
Tl SiO, J& 201 nm. Ni J& 234 nm, §&E@TlE SiO; & 224 nm, Ni J& 246 nm LEElSAL-, SEQL kL
T@D 57 Si0, JETILK) 20 nm, Ni & TIELA 10 nm HIML TIFY . Ni & PE L ALBR O E R KIT Si0, J&E
DIEBHEI TN RN DD LML o7z, LInL, TRET pH RIBIEZRE % I LSBT EBR T
ST NESHIFR AR S [RIERIZ  ARRFZED 2 DD Ni fiiE A LB G TR BUEHI L A S nm @ Ni
FRLFDY St EAGELD SiO, BIZHBWTEEEITHT L TODZEN R I I, SiO: EOMERMEREAK T
SHLHEEZ LD NI T 2R OFEREIIHIL DD, JEW SiO, BETERT 55445 RN T UENDH D,

() PN = N — B TR S — TR - =RV — BB L — T IR T A AR TR
ARBEFEIE. () FPE =N =W JE e 7 — LR I L3 s M A L D SR RIFFEL L CR IS Az,
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2.4.4.16
PEER AR LT T/ # S ORI 15 25 i oD B S EAT
Friction—Induced Ultra—Fine and Nanocrystalline Structure on Metal Surfaces by Dry Sliding
2 I L RN I 5 o
Kazufumi YASUNAGA and Hirotaka KATO

EUA T AATEIT S BB OFREE 1om (BRI T A5 L8 E O KKaa S AL, A4t HE DT
INZHED Z E7a B O B IREE LS R REZ2 1L T D, AWFTE CIFEEERIZ LD AR L7 4 e 22 JE OB Rk D
i SO SV AR E A AN TR LSBT E DA RSIEA FATRIC T AZEA HAIEL TS, IBITEE
FEVE - BRI TN T BRI R Bk 2 T DM BB LN T ARy — 3B~ DS A O Al et 2 i L T
WD, BEARE | B2 CEEEGHE 0.05 m/s CHRNN T&I72 IR FEH (S45C) 13, MRk 2 Ic kv T/ kdhik
L TNDT & M QR EEFE R FEAM BRI L | [F]— 2 ORI T D B DAL b U C— M1 L L it EERE
PRICEND LRI ST, AR ORBR 13 A T 4 A7 BEEGABR A O CE 22 (~10* Pa) | Afffar
50 N, FEHEOHEE 0.5 m/s T 30 min FEIRIN T.L7- S45C Th D, BEHERBR A ThAHE B I OElS A
EHIT S45C DRERIM TH D, RERE DL FIB 2 WO L, BEE T A2 TR B2 W i 7 w25 TEM 81
BTz, BEESEFE 0.5 m/s D S45C OFETHREIPTIZIVGLITZT /3 A - U 71X R 72 BE U DI R S 0T
B, FEERLO AL AR AT TNz, F-fE Sahr O A LB EGRBR R D S45C D[R UARLT 7 T
dHo7, TEM BRI OORE BRI O FARFEMIZ LY, Bl RS 38~256 nm, i RX 22~67 nm, 7 A7
kb 1.2~5.1 OFREA L= Eihls L OR2Y >F FES R 2NEIEL QWD Z RSN, B R ET
KIZiE BCC LIS OREE TN T D EHTEE RS BEB IS FEL TRY, ZNHDH 5 RIFTHES A AV TR
WP 2 157- L 2 ARIAEK 50 nm OILIRO S SRS HER S T2, O N AN S ClIRIEH THD FesC
DIFRIERLTZHDEE 2 TS,

(W) B T RN — W FE e & — R ZE BT - T RV — B L — T g L P AR L R
ARWFFRIE, (A FPE = p L — et o 2 — SRR T T BT A Lo LR R L L CE sz,

AR VIR RS LT RZRE T oo Ay 77 AT H s Eh O fi B
Cavity Formation in 130 keV He" lon Irradiated Oxide Ceramics
ZEKFNEEH G A E L —" EARBHA™ | (LR — AR

Kazufumi YASUNAGA, Yoshihiko SHINODA, Shin’ichi TOYAMA, Kohtaku SUZUKI
and Ryuichiro YAMAGISHI

KREF T 277 =7 (UOy) DBERECBREE T 22 FLOE AT IVIER SN DR AR OIRITIT, S DR
S (A OYITE AN SN TWND Y, £2. RARDONENCT W ANTFET DA T ORI
ADNEIEAEL TEALTHZ MBS S U0, &2 A= EBRICIVIAL NS TS 2, BT (CeOy) I E[E A
ML SO LT, SBITIE U0, EfRl— Dk i & CThH D ZEN DI O B E L U TR & e E D FE
7RSIV TS, RBFFE T, CeOs & Tt A A S 12 31T 28 T ADOHT HZFENZ B T2 a5 52 &
ZHIELTZ, 3UBHE, SrTiOs(001)JeR _EIZ A S 2B IV RIS LT CeO, B (JFE4T 800 nm) T, Al
BT~ 7 VAR W TRAH ., 1000°CT 2 BB BESLL7-b D TH D, Ml E IS HAFZEETOA 413 A E
ZHWT, CeO, 5~ 130 keV @ He' /4> DiFE AZ R TR & 3.75x10%/cm? £TITo72, IEAEK ., KK
H1, 1400°CC 2 REEBERLL T He Z RS W72, A4 UAFEEIZ LD L LT3Rt oW 201117 M55 TEM
BIEL, S5O0 E HRET KB O BX Y ET r— D7 72y NOFEHSIT 21T o7, CeOs HIRIZIT, %k
nm~30 nm K DOF¥ET 4 —NEETERLIIV TN, KIS 10 nm OF ¥ BT 1 — & fEHTLToRE R . 2 DEE
I BIN001O 7 72y F TSIV TWDZENHIA L, TERSNI-FvET —TIRIT U0, LIREE
WCHITE AR THHZENRIBS DR REE 2 DD,

ZEZCHER 1) MLR. Castell, Phys. Rev. B, 68, 235411 (2003)
2) H. Serizawa et al., Crystal Growth & Design., 13, 2815 (2013)

() PR = RN — B TR 2 — B FE B ET - TRV — R L — T2 (A W) B = RV — B e o — - AR SR A - £
RrARRR=E

ARBFTEIE, (A BB = — 8 22— A E ST FE BHFREATBOE A A A1 P TR B SRS . 5 KON LR AR A RORUR SR e T
SFORUETERE & OB TSR ZEIC L RS T,
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