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Study of temporal structure of the FEL micropulse via EO cross-correlation

Dept. of Accelerator Science?, Res. Lab. For Quantum Beam Science®

Keigo Kawase®, Akinori Irizawa?, Masaki Fujimoto?, Kazuya Furukawa®, Kumiko Kubo®, Goro Isoyama®™

A temporal structure of the FEL micropulse is studied using a cross-correlation technique with a Ti:Sapphire
laser pulse using an electro-optic (EO) effect. As a preliminary result, we have a complex temporal structure of
the micropulse for the high-intense operation of the FEL. The results show clear running traces of the optical
pulses due to the cavity shortening for the detuning property of the FEL and also the evidence of the zero

detuning operation of the FEL.
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Detection of Structural Changes upon One Electron Oxidation and Reduction of Stilbene Derivatives by
Time-Resolved Resonance Raman Spectroscopy during Pulse Radiolysis and Theoretical Calculations

Dept. of Molecular Excitation Chemistry 2, Research Laboratory for Quantum Beam Science ®

Mamoru Fujitsuka 2, Dae Won Cho 2, Sachiko Tojo , Jungkewon Choi 2, Tetsuro Majima ?

Stilbene (St) derivatives have been investigated for many years because of their interesting photochemical
reactions such as cis-trans isomerization in the excited states and charged states and their relation to
poly(p-phenylenevinylene)s. To clarify their charged state properties, structural information is indispensable. In
the present study, radical cations and radical anions of St derivatives were investigated by radiation chemical
methods. Absorption spectra of radical ion states were obtained by transient absorption measurements during
pulse radiolysis; theoretical calculations that included the solvent effect afforded reasonable assignments. The
variation in the peak position was explained by using HOMO and LUMO energy levels. Structural changes upon
one electron oxidation and reduction were detected by time-resolved resonance Raman measurements during
pulse radiolysis. Significant downshifts were observed with the CC stretching mode of the ethylenic groups,
indicative of the decrease in the bonding order. It was confirmed that the downshifts observed with reduction
were larger than those with oxidation. On the other hand, the downshift caused by oxidation depends
significantly on the electron-donating or electron-withdrawing nature of the substituents.

Stilbene (St)#% EAK(SID)L S FHRAEILAEMD  HZEERHLTE, IV NAAA U FEOERICE
TR oSBT 528N, ihEIREEZRD Y R 2 EZ bR INIZIZTE 5 LD A2 b TR
2TV INAF L RRE Teis-trans BV E DL BN ARAI R THLHI LN, RIFFE TIENE
ERTZE BEYMERLRICRFHEEZ R T VRICERA REBILAEALZSD (Fig. 1)/ 3L A
poly(p-phenylenevinylene) D i/ NHENLE BB H 28 TUA VL ALRER S RIS T~ L RITEEATV, iz
IREIMBREITOTIDZOMIER IZIVBEISN T  RHMRZROTIZITHE T 5,

&7, bV DR FE 7 N — T 1IStDT Y A3 Fig. 212 StD O DCE IR D/ SIVAT VAV AT
RN BN R AN EDR)SERTIE WTBHSN @ ERIN AT VAR, ARk LT
MEINVATUF VL A WALZ LI, FUSF A StF 764 L 483 nm ([ZWINA RS, & #kA
FIIV AR L CTETZ, ZO—HEDORFZEIZH N T, ALT= SD *OWUET 7 R L7z, ZALE StD DY
—BTELETICELRIBEM OO MR NG B —7OIREEITHZDIZ DFT HHRE{To72E2A,
AT A ORSBIOPHEICARENICEETH S RATZUF Y RAAE CRHI SN AT ML O FE

BUTIX, B R A B O DN U THHIENR

R R'

st() Cebls CoHs iz, AT ORI E —27 1% HOMO(a) (=SOMO)
DMSI () doHco,  aoRCaH
“MOSt(f)  4CHOCWHs  CeMs & LUMO(a) [ DB IR RS AL, WINE — 727k
DR I o
34DMOSt (7) 3?4-(8H306)2‘€)5H3 C-6H53 o Lif ?ﬁ% *—J:E) HOMO I/J\ﬂ/@ﬁﬂf‘ j@‘aa
)

6
RCH=CHR' 35DMOSt (8)  3,5-(CH30)2CH3 CgHi

44DMOSt (9)  4-CH50CgH,4 4-Ci—s|3005H4 AZ &75)%” éj’bﬁo m*i StD -»g)@éqyxf\f’y]\/wb
Fig. 1. Molecular structures of StD in this study. s
Numbers in the parentheses are used in Fig. 4 to DMF #iD/ SAAT A Y ARE KBS I,
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Fig. 2. Transient absorption spectra of the radical
cations of StD measured during pulse radiolysis of
St derivatives in DCE. Numbers near absorption
peaks indicate peak positions in nm unit.
Oscillator strengths calculated by TDDFT were
indicated by bars.
bovz,
F|g 3T/ OVAT AL A ) iR 3L T~ ]
AT BISN T2 T~ AR VRS, Bl
SHIZ St DA MU EREHRE—E L AREICLY
FGONNAF L FROINGT < 0 AT IV 73 BAFITB]
HENHZ LM FEIES NI, Bl g T~
—ZD[FAEL, TDDFT (ZHESE IR REEZEL
= TELERMEICED B 2572, SID AN —E TR
4tém5&%h%n®ibu%*7v‘/t"—7®~‘/7Miéﬁ
HEH7=, #5iZ ethylene @ C=C fiiffgfs Sl ZIR B S
DY — 7 PERAIZ LB 72V 57-87 cmr? 1&&4&“/%*’“
HZENBIAIENTZ, ZOT 7N ethylene #iA A3
BRI BRI T E2R~ T,

[AA£1Z StD O DMF IR D 7 VAT AT L A- ]
SRS T~ IR N T SID DT v A
SUMVEBRILT, ZO8%45 ethylene f5 A O fifigE

AR TR 7 MR S VTS | BRI
I SD e~/ hNSoTe,

Fig. 4 TSR ES 7 M Hammette’s ol

14

24$DMOSt

Intensity

33DMOSt

&

3§DMOSIt

35DMOSt =

1
44DMOSt

k3

1180

a47

I
1000 1600

1200
Wavenumber / cm'

1400

Fig. 3. TR® spectra of the radical cations of StD
measured at 50 ns after pulse during pulse
radiolysis of St derivatives in DCE. Numbers
indicate the peak positions in cm™ unit.
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Fig. 4. Relation between Raman peaks shift (CC
stretching of ethylenic bond) upon (open circles)
oxidation or (closed circles) reduction and sum of
Hammett’s o.
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Tuning of the Sensitivity to Superoxide in SoxR Protein, the [2Fe-2S] Transcription Factor; Importance of
Species-Specific Residues of Lysines

The Institute of Scientific and Industrial Research, Osaka University

Fujikawa Mayu, Kazuo Kobayashi, Takahiro Kozawa

The [2Fe-2S] transcriptional factor, SoxR, functions as a bacterial sensor of oxidative stress in Escherichia coli. SoxR is
regulated by the reversible oxidation and reduction of [2Fe-2S] clusters. We previously proposed that superoxide has a direct
role as a signal for E. coli SoxR, and that the sensitivity of E. coli SoxR response to Oz is 10-fold higher than that P.
aeruginosa. The difference between the two species reflects a distinct regulatory role in the activation of O2". In order to
investigate the mechanism underlying SoxR’s different sensitivities to O2, we mutated several amino acids which are not
conserved in homologues in the enteric bacteria. The mutation of lysine residues 89 and 92 of E. coli SoxR into alanine,
located close to [2Fe-2S] clusters, dramatically affected its reaction with Oz". The second-order rate constant of O2" with
K89AK92A mutant was 3.3 x 107 M! 5’1, which was 10 times smaller than that of wild type. Reversely, the change in A90K
P. aeruginosa increased the rate. In contrast, introductions of mutations (LQA— RSD) in E. coli SoxR and the
corresponding mutation (RSD— LQA) in P. aeruginosa were not affected. Our findings clearly support a role of lysine is
critical for the sensitivity of Oz

XL ®IZ A% HWT E. coli SoxR # LU P. aeruginosa
NZT U TR, BREICISE L TEEZ R SoxR @ Oy & DOIJEVEIZ 10 f5LL E#72 5 Z &3
SERB KR MerR Family N fFAET 5, ZDH T o1 A, R TIE, £ OSUSTEDE & Ik
SoxR 1%, &Y —EBALIZ[2Fe-2S] 7 T A X —% D HRFIZHONTERKE AW EREIT o 72,
FiH . 2 ORI g eIz L o TEBHIHE S FEHR
N5, SoxR 1Ll % D 7T AEME I FET 5 A, E. coli, P. aeruginosa SoxR 137 HL 77 2 I %
T OEBHBEETHEEICL > TRE B, BAF T 7 T AZ—BRA BB EFLT T A
E. coli TR b L RITISE U ClEEIEM 4 I FE&HEIZ E. coli C4L(DE3)H TREFHBLZITU,
b, A—/S—AFHP A RF 4 ANH—H(@S0D) P-EAR—ABTALTV R 7 MLV
EEDBILA P LAY Vs BoRS A R
LTS Y, ZHUcH L CHEIAE (Paeruginosa) IV AZ VY T AEILKCL (05 M), TEATRE
ICBNTEA LT = A L ey T YT A (0mM), OH 7Y Ag <y
LRI ERNMEEEE DRBUCE DS L HE S ¥—&L LTHF®FT MU UAOL MEETY VR
TW5 2, WHIET 2/ EEEISIAS 62% identity FEMERR (10 mM, pH 7.0) % A=, BRFEAFIO
LR BESNTWA N RN TOREIZZ o BEEERIC SOR (70 uM)E IR, 7L A i
KO ICRE<BRD, Ferld, V2T VFY Y L
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Oy + [2Fe2S]" + 2H° ———»  H0, + [2Fe2S]*
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EEAMIOETTWRIZZGIT R ST IR Lo
AR T D, 2D SOD DEMEHRIZLY | O
& SoxR DR ER A RIET 5 Z LIS TE D,
YA AT 7 T AZ—JFLIAHEL, E. coli &
P. aeruginosa D757 I/ BEESNCER LTz,
E. coli IZfFET 589 BLVREFHDOY PR
P.aeruginosa TiL7 7 =/, £7= E. coli (ZfF-1E
THL—T 12T T NAF¥=, 128 v, 1297
A8T X U fEIL Paeruginosa Tldu A >, Zb
ZIv, TT7=0lko>T0WD (Fig. 1), AHFZE
T X E K89A . KO92A | DI129A .

R127LS128QD129A #Z{ERL L, F7-[AEEIZ L T,

coli

Fig. 1 Crystallographic structure of SoxR. Close-up of
the region of iron-sulfur cluster. The structure was
produced with PyMol using a structure from the Protein
Data Bank (code 2ZHG(4)).
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A9OK, L125RQ126SA129D). Oy & Ok %
RE L7z,
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Fig. 3 Comparison of
SOD effect on the
oxidation of SoxR after
pulse radiolysis of wild
P. eruginosa SoxR and
their mutants.

Fig. 2 Comparison of SOD
effect on the oxidation of
SoxR after pulse radiolysis
of wild E. coli SoxR and
their mutants.

T ===
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[SOD] (uM)

Fig. 3 Effect of SOD on the oxidation of E. coli
SoxR and their mutants. The ratios of the increase in
absorbance change (AA:) to the total absorbance
change (AAo) were plotted against the concentration
of SOD.
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Deprotonation of Guanine Cation Radical in G-Quadruplex DNA

The Institute of Scientific and Industrial Research, Osaka University

Kazuo Kobayashi, Takahiro Kozawa

Prototropic equilibria in ionized DNA play an important role in charge transport and radiation damage of DNA. In this report,

attempts were made to identify the favored site of deprotonation of the guanine cation radical (G**) in telomeric DNA by

pulse radiolysis and ESR studies. We examined one-electron oxidation of K*-containing quadruplex formed from
12-nucleotide repeat sequence of d(TAGGGTTAGGGT) (QG4). The G** in QG4, produced by oxidation with SOge,

deprotonates to form the neutral G radical. Interestingly, the rate constant of deprotonation (2.8 x 10° s*) is much slower than

those of G-containing double-stranded oligonucleotide (~1 x 107

s™)). In addition, in order to identify the protonation site in

QCi4, benchmark ESR spectra from 1-methyl dG and dG were employed to analyze the spectral data obtained in one-electron

oxidized QCs. The ESR identification of G radical in QGs4 is supported by characteristic for G(N1-H) ¢ in model compounds.

IZC®IZ

DNA $HHICER LT T =Gy T4 7
T 717(G*) X hole carrier & LC, &7 MR
BEOBEELRPEULD UL DL LTEZ BT
W5, KIEHET Gre X220 pK, 28 3.9 TH Y |
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QG DEfL B E T ~-, |
QC4 TlX G D N1 DEML QG4

DHILAR= LI L kFHE
EALTRBY., TOZ%E)X DNA —®H#HTO G
CERELBRDZLENTREIND,

*K. Kobayashi, 06-6879-8502, kobayasi@sanken.osaka-u.ac.jp



FEBR

5’ TAGGGTTAGGT3 EeH DAY X 7 L A F
K% 50 mM KCIfF/E F 7 =—/L L7, /SVAT
DAY T AEIL 10 mM ORETEK & E e, K2S:0s
100 mM, QGyl-5mM, OH T ¥ IV AH RV
— & L C tert-butyl alcohol 0.1 M & ¢¢ pH 7.0 /KA
W, 7L UEBERT THRIE LT,
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625 nm

Fig. 1 Kinetics of absorbance changes at 625 nm
after pulse radiolysis of various oligonucleotides
and QGu4.
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Fig. 2 Comparison of transient spectra of Gcation
radical and G radical in oligonucleotide and QGa
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Fig. 3 ESR spectra obtained at 77 K for one electron
oxidized form of dG, 1-Me-dG, and QCsin 7.5 M LiCl
glasses in the presence of the electron scavenger K2S20s.
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The Time-resolved Resonance Raman Spectroscopy of 4-Substituted Thioanisole Radical Cations by during
Pulse Radiolysis

Research Laboratory for Quantum Beam Science?, Dept. of Molecular Excitation Chemistry®

Sachiko Tojo**, Mamoru Fujitsuka®, Tetsuro Majima®*

The structures of 4-substituted thioanisole radical cations in aqueous solution were studied by the nanosecond

time-resolved resonance Raman spectroscopy (TR?) combined with pulse radiolysis. The disappearance of C=C

stretching vibration of benzene ring was observed for the TR® spectrum of 4-(methylthio)toluene radical cation

(MTT*), suggesting difference in the structures between MTT™* and neutral 4-(methylthio)toluene. On the other

hand, 4-(methylthio)anisole radical cation (MTA™) showed the disappearance of Cpp-O stretching vibration at

1300 cm! and the presence of the C=C stretching vibration, suggesting a different structure of MTT** from

MTA™.

WFEWITAEDFCEE L WETHY . T
DFAEITCSOS T A OREE Z B H M2 5 2
SN AP HOEREAR IV CEETH D,

WEAEEEICH| & e & | Fig. LRI p-iET 47 =
V=V DT P H T F A (ArSCHs™) % U AL
FHIERLIZ L0 AR S, p-EHEEASAISCHs™ D
HEIE & FOMMEIZ BAT TR Z B &0z LT,

4-A FIFFT = — )L (MTAVKIAEHKE T O E IR
RNIVAZIH Y AZBNT, EHRIEES50 ns
#%. 580 NI —EFALIAMTAZ DNV T1 FF
(MTA®) O 3t 1 WL I3 (TA) 2B I & 7= (Fig. 2).
MTAD S ES0 MM Y = | U LRI D 7L
AT VF Y VAIZBNTHMTATO L3 B S h
oo AFNTFF N (MTT)D T VANV TF
FU(MTTH) TERIND 2L A~—FT T
HAF A o-, n-(ArSCHa)2" 13V, MTA™ Tl Ak L7
o7z, MTT & MTA™ 0 i [ 45 AR 4% B 1 1t % B
SIS T 5 72 DITMTA & MTT/K IR BB 7 A 5
#%12532 nmL —F —ZATE O IE R [ I AT L
ArSCHs" O g7~ (TR)ZHIEL7-, MTT*
DTRTIEL1601 cmi(C=C stretching) D4 & 1463

SCH;  SCHs

Q¢

OCH;  CH;,
MTA  MTT

Fig. 1. Molecular structures of 4-substituted thioanisole
(ArSCHs) used in this study.
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Fig. 2. TA spectra observed at 500 (black) and 5000 (red) ns
after an electron pulse during the pulse radiolysis of MTA 1
mM with in N2O-saturated aqueous solution (pH 7)
containing NaBr (100 mM).
cm? (CHs bending of SCHs)?D AR NELH S iz
(Fig. 3A), F-MTTOIRIEEIIMTTOZN &
Tk E < B2p 5 7= (Fig. 3C), B EN-MTT*D
IRENE & LR RS R & — L 72 (Fig. 3B),

* S. Tojo, 06-6879-8511, tojo@sanken.osaka-u.ac.jp, **T. Majima, 06-6879-8495, majima@sanken.osaka-u.ac.jp



EIREIZMTADTRZHIE L7z, MTT*OTREIZR

72 1) C=C stretchingiIfr#F =41, —7F1300 cm? @ © ‘\““g )

CarO stretching3 152 L 7= (Fig. 4A), MTA™ O #EH) - ﬂ%g 5

HEEIXMTA(Fig. 4C)DZ L & JafL L 7=, gix“www“mw@L”WMmmmﬂw

B E NS5 BN ASCHs™ O i i b ik & 1% % ‘ ‘ H |

PR BCSHEA RIS 2 | SCHE D E [ L Ll
BT B EEE RN LT, R b . g

B R ORER ) & MTTIES RO EBH A . 8o 2

LB IF /4 R MTAM L IEE R A IE R joo B H— 000 200 a1

Raman shift / cm™
- “HIFEEC z SRR o . .
L/ o FERETH 5 2 L AVRE ST Fig. 3. Comparison of (a) TR® spectrum observed at 500 ns
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" 3 (1 mM) in N20-saturated aqueous solution containing NaBr
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L OFAENERNSE 20 7= 1-(MTT)2 D AL Rk 1T 5 peaks of MTT** and (c) steady-state Raman spectrum observed
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Scheme 1. Dimerization of ArSCH3**
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Evaluation of the space in cray minerals using positron annihilation spectroscopy

RLQBS, SANKEN

Yoshihide Honda

Information of the annihilation site of positron/positronium in cray minerals is very important to evaluate the
trapping sites of cations there by using positron annihilation spectroscopy (PAS). Several montmorillonites
which are well-characterized by authorities, are investigated by X-ray diffraction (XRD) and PAS. The distance
between cyclic sheet-units in cray minerals was evaluated by XRD. The results of lifetime measurements of
positron and coincidence Doppler broadening measurements suggested that the dominant annihilation would be
the free annihilation in octahedral sheets without forming positronium, and the remaining annihilation after
forming ortho-positronium would occur in the space relating to hexagonal spaces in the sheets.
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Radiation-induced synthesis of metal nanoparticles in THF solvent

Dept. of Beam Materials Science, The Institute of Scientific and Industrial Research, Osaka University

Hiroki Yamamoto, Takahiro Kozawa

Silver nanoparticles have been produced in THF in one step by using the gamma-irradiation of Ag“solution and

stabilization with the polymer PMMA. The silver nanoparticles have been characterized by their plasmon

absorption band, high resolution transmission electron microscopy and energy dispersive spectrometry.
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Development of UV femtosecond pulse radiolysis and observation of alkyl radical in dodecane

Dept. of Advanced Nanofabrication®, Nanotechnology Open Facilitiesb,

Takafumi Kondoh?™, Satoshi Nishii&, Masao Gohdo?, Kimihiro NorizawaP,

Koichi Kand, Jinfeng Yang?, Seiichi Tagawa?, Yoichi Yoshida®

In order to understand the relationship between the initial process of radiation induced chemical

reactions and radiolysis in n-dodecane which is a typical non-polar liquids, neat dodecane and

biphenyl-dodecane solution were examined by the femtosecond electron pulse radiolysis. It was found that

the initial-yields of observable electron are reduced and biphenyl radical anion were generated very fast

with the reaction rate constant of 2x10*? M-1s'1, These phenomena means ultrafast mobile electron attach to

the biphenyl in n-dodecane. And it was found that alkyl radicals produced by radiolysis are formed very

quickly from the excited radical cation.
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Fig.1 Ultrafast electron transfer to
biphenyl: kinetic trace of electron (left)
and biphenyl radical anion (right) with
increasing concentration of biphenyl

1200 nm THE LB FORMEFHOL 7 = =
JVIBERAEME A Figdl 2SR Lz, R 415 nm
THELEE 7 2= VST =4 Ok
&W®E71:W%WWTﬁ%leﬁM:fL
7o, BAIE, BEEEORINE &bz, WIHINE
OO NP ST, —H T BT 2= TTH
NT =F %, EFICEBICER SN, ZDFE
X, B LT D E T (obs) (ZHIBEIRDTEAE L,
TV 2 IR — M A VHBAELTDHLENVIE
FOWRBELEER L, €7 = = L ~DEMBE)
WEOREIKFEEZBRZ LT L 25 IGHEEE
A 2x102MIst L RFES 5 2 LN TETZ, 20D
AR 13, 5 A HE 5O S B8 L Tt
DIEMHE & B2 B D B L TODIEMERED E
T2V BIINDT =4 ThDHEEHERT D
72, BT = =)L RF 0 RO 415 nm iy
DI PER IR 2B 2 E LT, £ OFERG b
7o & R iR A7 b V% Fig.2 IZRT, 10
ps DIFFSREANRT MVFE 7 2=V T v
T=FrERLTWS, T R OEEIE

2X10PMIST DERETE 7 = =V ffE L E T
T NVTUHINT =AU BERTD RN
ol ZOFFIEFICHBICHE T HE T KT

.00
Bp'(T) | Bp * IVBp \%

Absorbance
o

wavelength/nm

Fig.2 Picosecond transient absorption spectrum of
100mM biphenyl dodecane solution
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Measurement of coherent transition radiation from femtosecond electron beam

Dept. of Advanced Nanofabrication

K. Kan™, J. Yang, T. Kondoh, M. Gohdo, I. Nozawa, Y. Yoshida™*

Ultrashort electron beams with pulse durations of femtoseconds and picoseconds have been investigated to
improve a time resolution of time-resolved measurements. In this study, ultrashort electron beams were
generated using an S-band laser photocathode RF (Radio Frequency) gun linear accelerator (linac) and a
magnetic bunch compressor. The bunch length measurement was also carried out by analyzing interferograms of
coherent transition radiation (CTR) emitted from the electron bunches.
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Smith-Purcell radiation using metallic grating

Dept. of Advanced Nanofabrication?, Graduate School of Engineering, Mie University®

K. Kan™2, T. Matsui, J. Yang?, T. Kondoh?, M. Gohdo?, Y. Yoshida™* 2

Ultrashort, e.g., picosecond or femtosecond, electron beams are useful for electro-magnetic radiation
production in terahertz (THz) range. THz radiation of the order on 0.1 THz based on Smith-Purcell radiation
(SPR) using a metallic grating was measured. Electron beams generated by a photocathode radio-frequency (RF)

gun linac were used for the SPR measurement.
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Study on radiation-induced chemical reactions in aqueous solutions

Dept. of Beam Materials Science, The Institute of Scientific and Industrial Research, Osaka University

Yusa Muroya, Takahiro Kozawa, Kazuo Kobayashi, Hiroki Yamamoto, Tetsuro Yoshida, Wataru Kanamori

In order to study radiation chemistry at high temperature / high pressure condition (HTHP), a flow-type HTHP
system was newly manufactured and installed in pulse radiolysis at L-band linac. By using the system, ns pulse
radiolysis of pure water and cystamine containing aqueous solution were performed at elevated temperatures.
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Fig. 1. Flow-type HTHP system for
radiolysis and gamma radiolysis experiment.
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Fig. 2. Optical spectra of e, at elevated

temperatures (22 to 250 °C, 25 MPa).
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Fig. 4. Optical spectra of RSSR™ at elevated
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Development of UV femtosecond pulse radiolysis and observation of alkyl radical in dodecane

Dept. of Advanced Nanofabrication

Masao Gohdo*, Takafumi Kondoh, Satoshi Nishii,

Koichi Kan, Jinfeng Yang, Seiichi Tagawa, Yoichi Yoshida

The new measurement technique, electron-light double excitation pulse radiolysis or pulse-pump-probe method
of fs-pulse radiolysis was developed and demonstrated. This measurement technique enables to understand the
primary process of ionizing radiation induced reactions, reactivity and reaction pathway from the excited state of
neutral, anion or cation radicals, and higher excited states. Using 800 nm laser light pulse from Ti:Sapphire fs
laser for both of the pump and probe light, the pulse-pump-probe fs radiolysis measurement were demonstrated

on n-dodecane.
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Development of femtosecond time-resolved electron microscopy

Dept. of Advanced Nanofabrication,

Jinfeng Yang*, Koichi Kan, Takafumi Kondoh, Masao Gohdo, Yoichi Yoshida

Since 2012, the first prototype of radio-frequency (RF) gun based relativistic-energy

ultrafast electron microscopy (UEM) has being developed in Research Laboratory for

Quantum Beam Science at ISIR. In 2015, we succeeded to observe excellent-quality electron

diffraction patterns from single-crystal gold sample. The single-shot diffraction measurement

is also available in the observations. In transmission electron microscopy (TEM)

demonstrations, we succeeded to observe a relativistic-energy TEM imaging from polystyrene

micro-particles with diameter of 1 um was observed under the magnification of 3,400. The

single-shot TEM imaging measurement was succeeded under the magnification of 1,000.
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Fig. 1. The prototype of RF gun based
relativistic-energy electron microscopy which
was constructed at Osaka University in 2012
and improved in 2014.

- C'Single shot

Fig. 2: Relativistic-energy electron microscopy
imaging observed from a single-crystal gold

film with (left) single-pulse and (right)
100-pulse averaging measurements.
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Ultrafast electron diffraction using relativistic-energy femtosecond electron pulses

Dept. of Advanced Nanofabrication,

Jinfeng Yang*, Koichi Kan, Takafumi Kondoh, Masao Gohdo, Yoichi Yoshida

A radio-frequency (RF) gun based relativistic-energy ultrafast electron diffraction (UED)

has be successfully developed in Research Laboratory for Quantum Beam Science at ISIR.

We succeeded to observe excellent-quality MeV electron diffraction patterns from

single-crystal Mica (K(Fe,Mg)3(AlSiz010)(OH,F)2) sample using a 3.1-MeV electron beam with

the pulse length of 100 fs. The single-shot diffraction measurement is also available in the

observations. In the next step, we will propose the UED study of primary processes and

ultrafast reactions in radiation chemistry, i.e. direct visualization of kinetics and reactions of

structural molecules produced in short-lived, excited electronic states.
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Radical lons of Cyclopyrenylene: Comparison of Spectral Properties with Cycloparaphenylene

Dept. of Molecular Excitation Chemistry 2, Research Laboratory for Quantum Beam Science °,
Institute for Chemical Research, Kyoto University ©

Mamoru Fujitsuka 2, Sachiko Tojo °, Takahiro Iwamoto ¢, Eiichi Kayahara ¢, Shigeru Yamago ¢, Tetsuro Majima 2

Hoop-shaped =-conjugated molecules have attracted much attention. In this study, the radical ions of
[4]cyclo-2,7-pyrenylene ([4]CPY), a cyclic tetramer of pyrene, and [4]cyclo-4,5,9,10-tetrahydro-2,7-pyrenylene
([41CHPY) were investigated using radiation chemical methods, namely, j~ray radiolysis and pulse radiolysis.
The absorption spectra of the radical ions of [4]CPY and [4]CHPY showed clear peaks in the near-IR and
UV-visible regions similar to those of [8]cycloparaphenylene ([8]CPP). Theoretical calculations using
time-dependent density functional theory provided reasonable assignments of the observed absorption bands. It
was indicated that the C4-C5 and C9-C10 ethylene bonds of [4]CHPY do not contribute to the electronic
transitions, resulting in absorption spectra similar to those of [8]CPP. On the other hand, it was confirmed that
the allowed electronic transitions of the radical ions of [4]CPY are different from those of the radical ions of
[4]CHPY and [8]CPP.

Bk n- 3% AV 2 < — TdH Heycloparaphenylene  pyrenylene ([4]CHPY, Fig. 1¢) D& ki vz,
([nICPP, Fig. la)iLmEICONT A EICHE TS [4ICPYIX[BICPP L RIS DA H L, & bl
BLORTZRE 2 DWIEE IR T ZEB RSB LAED  (8,8)arm-chairficarbon nanotube® —f & A 7ad 5
TD, 12 AR, pyreneZ A AL &L 72 B ikn-d 2 LB (Fig. 1d), FEEM KR & NI 1 ~0
BeA V=~ —THS[4]cyclo-2,7-pyrenylene ([4ICPY,  EREADHIFFSIND, 26 OMEOMIRIZITT
Fig. 1b) 3 X O [4]cyclo-4,5,9,10-tetranydro-2,7- ¥ H /v A 4 U FEO B IREICEET 5 M AN EH
Th b, TTIChRbIUL. [NCPPT U A A
VDAY RV b NCEIREEE ®]E LT,
2 Z ARSI LT, [4]CPY & [4]CHPY D i #iAL:
FRISIZE DT VU ANA A AT O TR L, #r
TR MR E RO THRET 5, 3

Fig. 2a, ClZy-#RIREHIC LSS 7-BUCHEE ~ R
v 7 AH D [4]CPY L [8]CPPZ ¥ B /v F A v
([4JCPY** & [8]CPP**) D WL N AT kL% 7R,
[41CHPY [ZBUCHKIR ~ RV 77 A~ DI fFME 3 A+
NIRT=DZ DTV IV A1 F A ([4ICHPY™) DKUY
TRl SR o7, —J7 . DCEH @ [4]CPY &
[41ICHPY D/ S\ VAZ VAV RITEBNWT, ENHDT
Fig. 1. Molecular structures of (a) [8]CPP, (p) AV HF A ([A]ICPY+E[4]CHPY®) 0até W I
(ISP, O WK, 0 68) a1 i, 20 . 1o 00
indicated by red. FRAI 1K (1600-1900 nm)7e & TVZ A #5155 (400-460

38



Absorbance or AO.D.54p,s (0.1/div)
Osc. Strength (0.2/div.)

0.0 1.0 2.0

Energy / eV

3.0

Fig. 2. Absorption spectra of the radical cations of
(a) [4]CPY, (b) [4]CHPY, and (c) [8]CPP. Spectra
obtained by j-ray irradiation are indicated by
black, while transient absorption spectra during
pulse radiolysis are indicated by blue. Numbers
near absorption peaks indicate peak positions in
nm unit. Bars indicate oscillator strengths of
radical cations by TDDFT.
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Fig. 3. Energy levels and MO patterns of radical
cation of [4]JCHPY and [8]CPP calculated at
UB3LYP/6-31G(d) level assuming C; and Dug
symmetries, respectively. Numbers indicate
energy levels in eV unit. MO levels for o and
electrons are indicated by black and gray,
respectively. Main transitions, which provide the
near-IR and UV bands are indicated by red and
blue arrows, respectively.
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Fundamental Property of Organic Electronic Materials Studied by Advanced Microwave Spectroscopy

Department of Applied Chemistry, Graduate School of Engineering

Masataka Kumano, Hikaru Oga, Akinori Saeki”

The intriguing photoactive features of organic-inorganic hybrid perovskites have enabled the preparation of a
new class of highly efficient solar cells. However, the fundamental properties, upon which the performance of
these devices is based, are currently under-explored, making their elucidation a vital issue. Herein, we have
investigated the local mobility, recombination, and energetic landscape of charge carriers in a prototype
CH3NH3Pbl; perovskite (PVK) using a time-resolved microwave conductivity (TRMC) technique. Modulating
the microwave frequency from 9 GHz toward 23 GHz allowed us to determine the intrinsic mobilities of each
PVK sample (60-75 cm?V*s™), which were mostly independent of the mesoporous scaffold. Our study provides
a basis for understanding perovskite solar cell operation, while highlighting the importance of the mesoporous

layer and the perovskite fabrication process.
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The effects of physical weathering on OSL properties in quartz (IT)

Department Earth and Space Science, Graduate School of Osaka University
Akira Osada and Chihiro Yamanaka

Optically stimulated luminescence (OSL) using radiation-induced centers in solids has been used for the dating

of buried age in the Quaternary period. Quartz is a typical sample for OSL dating and buried time of the sample

after zero set of luminescence centers by sunlight is considered the start of clock for dating.

However, the

properties of OSL is different in each quartz particle, which is dependent on the source and history of samples.

Assuming weathering of minerals causes such difference in OSL properties, we have performed irradiation of

ion beams to quartz samples and studied the OSL properties.
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Study of Irradiation Effect on Insulation Material for Superconducting Magnet of Nuclear Fusion Reactor
Graduate School of Engineering?

Shigehiro Nishijima2”, Yoko Akiyama®, Fumihito Mishima?, Tomohiro Takahashi?, Koji Kobayashi?,

The insulating materials to be used for the superconducting magnets in the nuclear fusion reactor are needed to
have the high mechanical strength at cryogenic temperature under neutron and gamma ray. We have previously
investigated the irradiation effect of the glass fiber reinforced plastic (GFRP) by means of gamma ray at the
room temperature (RT). Interlaminar shear stress (ILSS) of GFRP, whose matrix consists of cyanate ester and
bisphenol A epoxy resin, in liquid nitrogen temperature (77K) was measured. ILSS increased slightly by gamma
ray, whereas the molecular chain scission was observed in its matrix. However, the actual irradiation
environment of insulating materials is cryogenic temperature. Thus we should evaluate whether the similar
phenomena above are also observed under the radiation environment at cryogenic temperature. In this study, we
examined the irradiation effect of GFRP at 77 K. Based on the results, the difference of irradiation effect
between at RT and at 77 K was discussed.
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(International Thermonuclear Experimental Reactor,
ITER) TSN LB ER A DO T, haAfZ L
155 (Toroidal Field, TF) =1 /L0, 2@l SO K

DEREPPEF 7L 2T 3.2 X102 n/m2 ITET 5.

F7o, BTN E > THAK 45 MPa DO A& /)23
TF A VZIFARISND. BT, ML BER
AU AREHENDZEND, ERE A CEASh
DA TEEN A O ERL, BOTREREE T, MK
IRAZ IV TN 7B ) 38 B 2 e R D 2 LS B
RS TS,

RS A DR E R DS, MM NI Z
ATBRERIAIRT L LEFEE L, B2 AR
SFMETHLBEE GRS ETEEMEI THD
DS, GRS I MBSO AR S RS B .
F£7-, k& A MR E (Interlaminar Shear Stress,
ILSS) DMENWE WO R RS HDZ N0, #fxiE
D~ N7 A0 RS R 5 & U O BRET0 R O FEA
FHEFITHEETHD.

s, Nishijima, 06-6879-7896, nishijima@see.eng.osaka-u.ac.jp

2. R LD AR R ORI

ol EzTle, 7 F—hx= A7 /L (Cyanate
ester, CE) LA 7 =/ — )L A Bl % s
(Diglycidyl Epoxy resin of Bisphenol A, DGEBA) ®
IRARIREZ ~ N > 7 AL LT T T AfMERIL 77 A
77 (Glass Fiber Reinforced Plastics, GFRP) Z{F
L, RRUURFASERSE T (RT) Ty #Ma AL THR
SR RAEFIAL CT&72. ILSS RERTITHEWIIX
SRR R AL, SRR R AR 2 RS (LNT,
77 K) L7z M1 ICRRBROBE - LR DR (X
B USRI, °Co MREICLY v Mok
10 MGy £ CHREIL7-.

¥ S
TS
BiEAE
) -j\.
EEZEREE (77K) y 4

1 ILSS FBROELT-& H B R &G



2 12 ILSS RERDOFE R~ N 7 AR TR L
C 32 i L 7 Bl ARG 4% 1) 22 (Dynamic Mechanical
Analysis, DMA) TH37- 4 7 AR Tg Ok R4
ATy MRS, ILSS 1A TEIINL, Tg 13K
FL7e. 2 FTIR 2% LI 5, JvR= Ak
BYOEIMAR RS, #EREL TH FEHO I
ARSIz, KRS FU AT Ch RS C

AN

a0 - . LSS =Ty - 195

a0 190

70 0
= 60 - 185
g 5o 150 @&
@ 40 a
a Al
= 30 - 175

20 -

10 170

] 1 165

OMGy SMGy 10MGy
Absorbed Dose

2 ILSS & Tg OFAf%

3. BUEDO R R EAFFE H 1)
ITERTOEMBREZZE T 5L, RO
BHO 2 B BREE IR Th 5. £/, ITERD
BILAZ LA BET L, G EIRSOINDIRE
IEAT2IENBEZLND. L3> T, AEFET
IXILSSD L 5-& 05 F- B & 525D FFEITH L
<,
(i) MERIEEREE T CTo vy MR ThHRKREE
MEZDDD>
(il ) WMEIEBREE T2 D% OEE A kick
STZOBGITESNLDN

EVIR2ODBLR AT T HZENEETHLEE AT

ZZT, GFRPIZX L T RAFEHKERE T (LT, =
T FRUR) SIRIR 2 R BREE T (BA T | AR B C oy f
BENENREL, B ICR L TREZEE 52
TR ILSSakBRZ Kt §- 52 & C, R RIZONT
Rzl

4, [KIRMH ORET
EERITE A L7ZGFRPIX, <~k w7 AIZDGEBAL

RV =T VT I LRI ERAE LI OEFE L.

A AT 2 IR R AR R KD R 2 R o0&
WZHER T 5728, IR TR &3
IFBIZ DI TILSS AR EAR T T DT LD e
N CVHDGEBAIZ L HGFRP CERR AT 72, iR
RICRLTiE, RRFFAKIREE T Lk ke R IEREE
TN TENEIL y #RA ST CILSSE B ML 7-.
F7o, ILSSIBRCORER T DI, 5 L ORBR T 1L
F LR LT FIEL R FIEE L, OCoMIRIZ K
Dy #A K3 MGy& LT,

KU y B FRIHEEE L3R O B R A .
BB REIZOWTIE, AIZRT2BLNTETHA] B
IZRTECHIRL FELNTECTH A, CIZLNTHERFZ
FNENRL TS, BOFIRGIEELTE, 24KFH
LI ERTH RS-,

1 MREHEE LR R

arFavary REHRE REBE SERRE

@ RT A LNT
@ LNT B LNT
@ LNT C LNT

B3IZENZ DI RIS IT DILSSFRER D
BATRY. WA ES3 MGy £ CIEREHEE B LW
EE B OEICEPILSSO A ERZEIZRON
7oz, 72721, Condition@IZ > THEe<ILSS
MK T I AR RSN, ZOBGIZONTIAE
BRAETHLINEIDEEDRFT ThD. £z, W
IR E A 10 MGy & L7- 54 BUEHED T 5.
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Molecular analysis of ionizing radiation induced mutations in the budding yeast
Kikuo Shimizu?, Sachiko Tojo®, Youichirou Matuo®

Radioisotope Research Center?, Research Laboratory for Quantum Beam Science®, RINE. University of Fukui®,

Our research group has been studying ionizing radiation induced mutation of the budding
yeast, S288c (RAD *) as model of eukaryote cell. The yeast cells were irradiated with carbon
ions (12C5+ 290 MeV). Carbon ion beam was generated from synchrotron in HIMAC. When
we analyzed the survival rate with different radiations, the survival rate was reduced along
with the LET. While the mutation frequencies were enhanced along with the LET. The
mutation frequency increased consistently with LET. This result indicates the high LET ion
beam is more mutagenic than low LET ion beam. Moreover, we examined the new method to
evaluate DNA lesions caused by low or high LET radiation using a polymerase chain reaction.
We obtained the result that the efficiency of DNA synthesis decreased with increasing LET.
It means that DNA lesions, in particularly double-strand breaks, affect the rate of DNA
synthesizing reaction. This result shows the possibility that this method will be used to
evaluate simultaneously the biological effects caused by various radiations with low or high
LET.

(RO E NNy 7 7T T F]

BE, BDABEZIZLD E LT, K- fROES
I RS 1B IR O BASE ~ DR 28 B I IS 23
S TWND, B ILEMB R IC X D EE RO
MR, RIS RIS o ONGEIR S B AR R B % Al
B2 A T = X LD =012, HEEREZE T L
& LT, R ERR =7 AfRITIZ L D
GERIBI AN MV EFIRT, FETo, BRI R
#9972 DNA G 27T 272D DOFIELZRRET 572
DIZ, KU AT =BG %2 72 DNA 815
BOMIT HIEIC O\ TR 2T 7.

[T TIBLR TV ERER]
1) BEERFRIC LD URAS ZERER AT |
JVOFFENT ;5 BRI X 2 22928 B AR plopti 2

* K. Shimizu, shimizu@rirc.osaka-u.ac.jp, 06-6850-6103
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fig T3 2 7o I 2FEERE D S288c #RA& FH U,
LET:13 ~107 keV/ium D R#EM % B L2854
DEBEHR « ZERERBLTHH LTz, ZOFRERN S,
AR N NGRS R RIT LET ITKFT 5 2 &0
IRSNT, Flo, =T U AR ORERD G R
TR OH o~ B CIE— IR E BN 2 B8, R
FBRTIET o ~BETRR Y BRI N FEICTX
7 LAY —aEED Y v —DNA fEIERICRTE L
THEULDZ Enmraiu,

2) AU AT —ERIEEFIH L7z DNA #1500
il ; FBEEMEHRZ RS L2 DNA OB EE % 5Ff
T 572012 B L7- DNA Z PCROR & LT,
U7 %A 5LPCRIEEHWEHN L7, PCRIED
JEEL D $55 & 720 % DNA ISR RS X 5



BENHIT, RY AT —BHEEHIEZLET 5
LEZzOND, Thbb, AU AT —BHESFG
TO DNA ARZIHEN G B & L CTHRET DR
5D DNA &2 TE 5 &2 b b,

[BFEsE ]

BHESTRIBHNC L D URAS 2R R A
RNVOFENT 5 LET R 78RS D 228828 B %
iElc T 52 L2 HRE L, LET 2% 13, 25, 107
keV/pm @%é}f“@%ﬁx«\‘)ﬁ NV R L7z,
F%%%l_rﬁ FRERLTHREOH =
ﬁ“é%ﬁﬁ& LT, FICEBRER G-
CoTARTUAR=Ya UREI DI EIR
N7, F72. 13, 25 keV/pm D jx 3 Bk 17
OFFTIZ, A*T>T-A T A= g
DEENELI DI EBRBINT,
2-0H-dATP X G- CoT A R T AN—T g
DOz, 5-TA*A-3' (A*=2-OH-Ade)EZ 5 D
AHT@F7/1A%ya/%$%¢é_&#ﬁ
HEEANTWD, £, To<wBBEW 13, 25
keV/pm O fRFFRLFRROMAIC L VFER L
JEIRAE T, T RC LR OER - KK - A
ERCH -7, —FT.LET # 107 keV/pum(290
MeV) D jx 3 R R (JAEA, TTARA |2 TR &,
FlE D 72 012 RN DWW TIE, Ebp YA ED Xk
KM BTz, LETIZ X > TA U D EARERD
A AN D Z ERRB ST,

\—/\

2) RV AT —BRILEFM L= DNA {50
fili 5 IRFBRRZL O >~ #i % G L7 DNA 04814
EAFE L2, DOEBRTHW TS R
S288c » URAS#E5(804 bp)% PCR EIC k- T
R LRSS L 72 s A DNA 7 v & L,
DNA H > 7zt U, B RRIE SR A A T2 T
HIMAC T3k 1 (290 MeV, LET: 50 keV/um)
ZHE U7z, WI#REIE 0.05Gy—.1 Gy TH 5,
PRI U729 > 7L DNA Z 858 & L MiniOpticon
VA7 LA®(Bio-Rad) & vy, RIEEOHT DNA
DOEEFM L, 22T, %%ﬁ%kﬁéumw
FeHE, Fox DIDOBIIEIC & 0 IR ER DR > b
ARy N DR S hf:ﬁﬂi&(f’rﬁ 200bp) TH D, &
HIZ YT E A L PCRIETOMEE OEIETIE 1
O T 7 A ~—(FHE R DR DNA) % F
THRPE DI DNA HIZ G RT 525, AL
TEH1EEO T 74 ~—% v ML N 3FFED
T4 ~—% v & AT I LT,

=1 VT URBRICELIEFEBTOEEIRY ML
RFR RFEH RFH Howig
LET:107keV/um LET:25keV/um LET:13keVium LET:0.2ke\/um
JAEA-TIARA NIRS-HIMAC MNIRS-HIMAC P e Y
[G:CtoT:A 21 41.2% 2 200% 11 22.0% 13 43.3%
I G:C to C:G 12 235% 0 0.0% 6 12.0% 3 10.0%
b A=l
AT to C:G 1 20% 1 10.0% 0 0.0% 4  133%
[A:T to T:A 2 200% 12 240% 0 0.0%
N GCto AT 7 137% 171005 9 180% B  200%
| WP P
AT to GiC 0 0.0% 0 00% 0 0.0%
R 8 15.7% 1 10.0% 9 18.0% 2 6.7%
‘A 3 300% 3 60% 2 8T7%
Total 51 100.0% 10 100.0% 50 100.0% 30 100.0%
K#bplLl FDREEFSD
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Study of the material modification and the invention of new functional materials using an accelerator

Dept. of Advanced Nanofabricationa? , Daikin Industries Joint Researchb,

Takafumi Kondoh@™

, Yoichi Yoshida®™™

, Kenji Adachib, Kazuyuki SatoP

For modification of various polymeric materials (mainly fluorine-based polymer), high dose radiation by using
a low energy electron beam accelerator was used at ISIR, Osaka University. And also establishes a novel
ultra-fine processing technology using an electron beam nanoimprinting. Samples after irradiation, the

evaluation of physical properties in the laboratory.

2 T i 50 7 AR O 206 0B RE S
D77 I\Eé\# oy IR O UE R i eE
EDTZDIZ, TEIKATOI T\ D, @15
LD 5%777 MO ERRADOREE L &
g2 Z LI L0 Fa OF e BERE 2 )
MT % ENTE D, BIZTEDF T AV LIS
Brx L ¥—ErHelis 2Lzl

& - BeE L C R &m0 & mimE b,
KR A D Z LR TE D,
ZOXDRBEES T T T NEA OYHEE
X, BURBRREHC L0 B oA A b &k 1=
GWEZF" OHEM~DE
> T DUHRIT
rv7rz

CHIVDERIZ X
ATHD, %@f&ﬁﬁ%%%:% S725
SGRLTCIVHNAEISSHAL T LT

(&mms THE #
F ATk
E—ILF

EBHE 5t

EIRILE—

EBINESS

7 NEAT D, 777 MEIX, SRR OMRE L
EM DT D HNVERRGIHE, T 2V D FOGSRE I
BLOFMIEATFTT D, TIOAMIT A L-
T VB NAEERIOET D O T EfR R TGS
LN, BEARIIZ T O INVEE LD RAES
B O AUIHRERIEEI OIE A4 IR T&E 2,

KL= — L EE DC@%%t
WREETDESZMET D Z LK zERT
TR L TEFRERI L, ZET_TOE

%#%Mllbﬁ+74&mf—bwTI*
WX =TT XTI G D701, BEEASIER I
NI ENFRTH D, BENEITIUZ, 4
FOTUHNEmEHELT ZENREE D, K
R CIE, IR R L X —E 1 INHER) D DOE

EREIEDT=

B AER

Fig.1 Functionalization of various polymer materials

by irradiating of low energy electron beam

T Kondoh, 06-6879-4285, t-kondo@sanken.osaka-u.ac.jp; **V. Yoshida, 06-6879-4284, yoshida@sanken.osaka-u.ac.jp



Fig.2 Development of chemical laboratory

E—AZANWT, BT v ERESFMENT
MERKZ1TO, MBI 2GS 2 210k
WEV 77 NEAICL DN 5ETTY, F
7o, BFE—LF ATV v MECKBHHR
72 RGN T84 % e Nt %

BRI S E L, BE — AR R e M R
IRRE LT IR B L EC250/15/180L % v 5,
V/V%743%‘/H§t WLV KREDOEFEHBAEL,

BTG B 35, A 20 R EHIE 1%, 150

mm THIEEEIL, 150 ~ 250 kV., B —AEFRIE
1~10 mA THY, WILHREIT, 1800 kGy X m/min
T D, Selfshield J7 2 LD AR TR
1%, 2.6 u Sv/ihr BLFICHIZ DIV TR E IR
PR BRIX IR A 38 E 3D M E N2, REEE DO FE
T, PRI, (BN, MR &<, ﬁ'w-uﬁa
DEGIIEETHHILL, 250 KV OILEET
1800 kGyXm/min DIEFH; dt%fotkﬁﬁbjj%ﬁ

DIETHY, INFHPHDOFERAAEELL TS,
DART RV —F - PR 1 1T DU R % PE
RIS KRB FE SR P TE T~ MEAE A+
&M THY, A% B - TR H RO
BEINERESND TETHD,

AEEITALFERELL COEHEI TV, &
BT =V EAT S TR FHEZ X R LT, (b7
MERBIORI 7R E L, MEE, Z5BRE ., o8
By ORE LT T2, T LRERREL T,

FREUR S E O RBHR AR I — T ko

Fig.3 Curtain-like sensor for finger pinch
prevention at the sample entrance of

accelerator

Y —H BT T FREEO B IR R A LT, Fe,
AIEE X, M OmAEE BRICEIETV v
TP ZANH T 5720125 mYh FREDEF AT,
ZDTHODERR L NEFE LN, JERA—h
(372 FEDS BRI H T DL TEN5, K
Bl 7= AR ZE B R A Tl S PR T — A
EREL, ERTDINCTHFE T, A% T
FRE T ~DREZAITV | E R
DEFREAT,

Fig.4 Exhaust booth around the electron
beam accelerator for oxygen deficiency

prevention
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ESR measurements on gamma-irradiated basalt fiber

Dept. of Earth and Space Science, Osaka Unlverlsty ,
Japan Atomic Energy Agency®

Atsushi Tani®*

, Masafumi Sakanoue?, Hiroshi Fukazawa®

We investigated gamma-irradiated basalt fiber by electron spin resonance (ESR) at room temperature. ESR
spectrum of unirradiated basalt fiber shows two broad ESR signals at 160 mT (g = 4.3) and 340 mT (g = 2.0).

They are typical ESR signals due to ferric iron ion (Fe**). ESR spectra did not change obviously after gamma

irradiation even at high dose about 46 kGy. Although we expected to detect radiation-induced point defects, they

may be thermally unstable and release trapped electron and/or hole at room temperature.

ISPIVRT 7 A 73— (ST MgE) LIX LR EZ TR
BEEUTARHEIR O FH (K1) T, BEN2.75 glem’E
SUMREHED2.15 glem? IR TREREEZFF SO
DR CHA[]. JEM BN LR E THLI LD
i C, BREEICELWEINTEY, ik FEM 4R
MRS TWD. 2, AHEM I~
BRCKE T DWW ES RSN D&MD, Hattk
PEFEM DIRAF R e~ O BRI S TS, L
L, NP ART 7 AR =D RN TR F LT
WFFE TN e, ABFFEClE y SRIRGHZ LD S
NWRT 7 AR ITHRIND KGO oM EHIZ D
VT, ESRIEIZE DT EAT 72,

1. NPT A R—DFE.

NP LT 7 AR —Z T IO, FERFD
OCoZ AR ET 2 v KD IR TR 21T-o7-. B

YA Tani, 06-6850-5540, atani@ess.sci.osaka-u.ac.jp
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SRR S 2 D2 LI 0 E o IR B RS
L, MRHERREIZORER, 2405, 48R & L7-. W4T
BOREETRIZEFLIFY, 77 AN —Z IS HTH
1.5 cmOEXICHS>-HOXESRAIEZR L. 3
M IX XN F (9 GHz) ESR %y )t %% (JEOL
JES-FA200) % FH\ >, ESREEHE 2P LT 7 AR
— R AN TRIEE T 7. B FHIZ100 kHz,
0.1 mT, ~A 27258 X1 mWELT.

DA DY)V T 7 A /R —DESRART
IVEIK2alZR Y. 153573160 mT (g = 4.3) &340 mT
(g = 2.0) D2y T ERMEIADESRIE B2 RS
H & b Fe’ | _tlﬁﬁ‘éESRGﬁ’C%é_}:i)lbﬁ)o
72[2]. BkAA Y G e BB LA OAE RS 1T
741 (Mg,Fe)2SiOs) X8 AT (Mg,Fe)SiOs) T,
FLb~ 7 Ry DGRBS T D AR Th
5. 8kEET T A DESRBIEE T2 5
Fe¥' DG BT ETH o120 BB [3], kA4 1%
Fe* Cl3a<KFe CIEEL TWAZENDIND. T
CAEZER R TINENL —HOA A 2R LS HE T
%A, g = 20T OESRIE BN EINT D2 E0VH5
NCTW3[3]. KIZ AbFe*is, FEHZ & END
BRAT L DT 7 AN —RUERF IR LS T2 L
WZEDLDTHDHEEZLND. FTo, yRRIRH AT
ESRANRY MUZABNL 2B T RS20 -7,

[X2b12340 mTITEDESRARY ML AR, 8
728 ARG U BRI K0 A B3 % AR Bl D
ESRIE 5 (Fe¥ DI BT e~ VBRIE A D) 1T EIC
ZORSRPAIC RONA3[4], H3ICIXFe I R



THEF (N7 7T ROMEEERS>TND) D
NEHHIE T2, K262 T30 0 i R IR S i i
1346 kGy Th o7z, 15 TIFE+GyD A &S
LHDE LTV TR RTHLHE LW 3 L
HLL RBNAZ LD, B 7RESRIE 52 b/
Dol PR LIRS A 2 TR0,

N T MDD T R DRy THDHT VAT
FTAN (Mg2SiOs) ~DOy# FRGT Tl saze AL L1
K95 OIVHESRIE B BLEES LTV D[5]. —
D, BkEEe T~ DOy IR TIXBEE
ESRIE BN AL TRV, ZDOZ &L, LA T
%N 7 A THYRRRIHZ K AT 2 SR D
R EVEIXERAA L O IZ LY REEIL, #ili
TRHRDITIEFL CNDIEERL TS, N LT 7
ANR—=THEAA L HE T EM—DDE AT, Fkt
BUCEOFB R SND KM N TE ) ->T2D Tl
RUNINEB Z B,

— 7, YR T 7 A= BEEREAATSDSA
A=A TWEEDZETHST2. bL, N1V
X —IEEMTHIVUL, BTV DIE 523G
TEHOTIHEHFEL TR, HOHDICADZ LT
TERD T, XoT, AEMMBAL TNDHELTEH
METHDHETHEENS.

YRRERAHC KD AR N7 7 A N — i 25 b
ESRTELZ D EREAT T2, AR E A G
W22 LFTERDoT2, R HiiE+5
IR IR L CWAT20), BN Itk Z-T
WHEEZ TRWER DS, FE R R CIRE~R
STNDD, BHOWII AR E T EFRFOARAEN /2N
T, BIRDHDOANZEALL TONDBD0, B Crief)
WrCX72Ws, HLATE THHRD, /NP ILRT 7 AN
— I AR L DM @<, m R E O B
TORMELTHTHDLAIREMENR B D.
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