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Oxygen Binding Properties and Func otorelance Ramaazzottius varieoratus
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Tardigrades, known as water bears, exhibit extraordinary tolerance to various physical extremes such as ionizing
radiation. Proteins from anhydrobiotic tardigrades with homology to known proteins from other organisms are
new potential targets for structural genomics. In this work, we analyzed binding of molecular oxygen ligand
following reduction of heme in Kgb using pulse radiolysis technique. Radiolytically generated hydrated
electrons (eaq’) reduced the heme iron of Kgb within 20 ps. Subsequently, ferrous heme reacted with Oz to form a
ferrous-dioxygen intermediate with a second-order rate constant of 2.3 x 10°M-! s, The intermediate was found
to be autooxidized to ferric form rapidly within 0.1 s. The redox potential measurements revealed an E of -400
mV (vs NHE) in the ferric/ferrous couple. The biochemical and kinetic characteristics are discussed in view of
the possible functions of Kgb.
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Fig. 2. Absorption changes after pulse radiolysis of
Kgb monitored at 411and 425 nm
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for KGB after pulse radiolysis (A) and
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Formation Dynamics of Pterin Radical within Nitric Oxide Synthase

IThe Institute of Scientific and Industrial Research, Osaka University, 2Faculty of Agriculture, Saga University

Kazuo Kobayashi,' Masaki Horitani?, Takahiro Kozawa'

Bacterial NO synthase from Deinococcus radiodurans (DrNOS) shares a degree of structural homology with the
oxygenase domain in mammalian NOSs(mNOSs), but biochemical studies have yet failed to established the

actual function. Recently we reported that the rate of electron transfer from biopterin to ferrous-dioxygen in

DrNOS determined by pulse radiolysis method was much faster than the rates measured in mNOS determined by
rapid freeze-quench (RFQ) ESR. In this study, we applied RFQ ESR method to DrNOS experiment. The rapid
formation of pterin radical was observed during Arg oxidation. Our data highlight potential difference for the

catalytic mechanism of DrNOS and mNOS.
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Fig. 1 ESR spectra of a rapid freeze-quenched
sample from the reactions of reduced DrNOS (A)
and mNOS (B) , Oz and 1 mM Arg.

NOS L 7TV U EDFIRICE DD TH D,

mNOS 22V TIiE 100 ms DEFEA— % —TF ¥
FVBAER L TEY (Fig. 1-A), Z OFERIT T TIZ
WEINTWHEHEDE—HLTND D, Zhuixt

P p2-

— Fell=— — [— Fe'”—J — Prodt

H QNHi\%:

N

H ' H
HNY
p >
OH H,N""N H OH

Iz ZT

Scheme I Reaction mechanism for reaction of
ferrous Oz complex with biopterin.

L . DrNOS i% ms OHFEIRTF ¥ L DA M

DrNOS nNOS
0.01F 440 nm 0.02f 440 nm
g Joo01
07 0 L L L L L L
0 02 04 06 08 1 0 02 04 06 08 1
(ms) (ms)
0.02
<
<
0.01
o AT
0 100 200 300 400 500
(ms)

Fig. 2 Absorption changes at 450 nm after pulse
radiolysis of DrNOS and mNOS in the presence of
50 uM puterin.
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Temperature dependence of the acid generation process in chemically amplified resist exposed to electron beam
and clarification of its mechanism

Dept. of beam materials science?, NuFlare Technology, Inc.b
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Temperature dependence of acid generation process in chemically amplified resist (CAR) was investigated. We

performed acid yield measurements and pulse radiolysis experiments of

poly(4-[(tert-butoxycarbonyl)oxy]styrene-ran-4-hydroxystyrene)s (PTBSHSs), which are typical CAR resins. It

was found that the acid yield increase with temperature in CAR was mainly caused by higer deprotonationation

rate constatnt from the polymer radical cations at higher temperature.

HEAEIRT A A O S ERE LD E T IS
KIFEMR (74 b~A27) ORIEICIT LD EVIEE
MRDBND, 74 b~ A7 I TEKR BB S
RO (LY A B IZx L CETREZ BN
DNRE—v BIER LT, BB, VA, =y
Fr T ARy ZEOT R AR TRIEIND,
SN D BRI EEEE BT 570 EE
ETHWLND 2D, ERY Z 0 & L7z fElk
TRTICIREN EF32% (~200 °'C), ZOX
I IREE EFITHGHROL YR FRE — T E
B U SHHEGE (heating effect) /T 2
EREHNTVND D, L2 MR DR EEZE A
BB O RN TH DR, WEIDITEREL LD
BRI ERIT D> TV, & 2 TARBFZET
XL PR NTREZAETFRFEDOIRE LFICX
BB ERAE L, T OEK ZBH LT 5 2
EERAME L, 20D, 7 b~ A7 HEIC
FER SN TV FEHIEL Y X+ (CAR) 1T
OFEOARIBRRICERE LT, (DV=IF— kA
I AR, Q)L YA TR T O L
B, QR ~—TF VhNhF A RO EE
(W7 m s o B OIRFEARAEMEZ B &2\ LTz,
ZNENHAMEF O BRI SV e v
2lb—ar BOERETHL /7~ 6 4 H

. K. Okamoto, 06-6879-8502, kazu@sanken.osaka-u.ac.jp
T. Kozawa, 06-6879-8500, kozawa@sanken.osaka-u.ac.jp

N7 RIS R C O FRIN R E
U RiEE TN,
BRIBETIC L2 LY X M DA A
fkiz i@ﬁﬁ(u“jéﬂt 2 WEFITBT N TTF
2]‘/&077_D VEIhZslEFE N 6B
2, WAl (PAG) ERST 52
LiZ&y ﬁa@x\f?v‘j‘/%ﬁiﬁiféb\ H LI
BTN ATFEH L EH#EE (T =IF— A
VHRES) LTCIHAT D, E OBRICE 7R
WA 5 SNDRFOIRE EANE 2 D, E
EHRICE s TEYLEFOZ R LF =N RE A
@ 7 —n SHEAEHZ I 5, DT
BEFEREAEOEELET Y, BRNE#DZ
vﬁwﬁ%ﬁ/kiUﬁ?/&—Tﬁﬁ/®m
BrmbsErZ e/ fliESND, ZZTEVT
AnaiEE 8L EFOBEIOY I 2 L—
arERPOMREAE 25 - 120 °C LELSET
ITHZEIC RV BRINELZFE L, ZOBEERRN
omSWK&&é&*wgﬂto
WA T - R % DRI B A 1SS oh C D T T
EEL ;J: DHE L7, slBHZIZ~ R w2 2 e L
T 4-[(tert-butoxycarbonyl)oxy]styrene (TBS) &
4-hydroxystyrene (HS)% €/ ~—¢ T AR Y v—
(PTBS.PHS) . % L O DI EH 4K (PTBSHS) .
PAG & L T triphenylsulfonium-nonaflate (TPS-nf),
M fe 3 & LT Coumarin 6 (C6) % T,

VBRIV AT O



AR a— MEICK Y A SRR EICE I E Tk
Lz, Yo 7% LT 75 keV DR F#i % H &
FEWREE 228 2. 7203 B, 20 — 80 pC/em? | 25 — 120
COENENOFM TR Lz, C6l1T7m ko
T HZ LT e hAHIA (C6HY) %TE
B LN B — 7 R b T 5729 (460—533
nm) . WOLEZE L BRI EE REL 5 Z LT
x5, 25°C, 533 nm T DLW % JLvE
& LT, BRAERGBTE IR B A KT, H
ERERNOFEH LB BT Ia b
—a VTCRDIMELY B REL KT ~v—HD
TBS MBIV EH LT,

FREFBORY ~—D 7 a~xH ) R
#& (200 mM (unit conc.)) ~DE RN Z DT
TN T TFF FEOEEEE A 25 £ 70 °C DR
EFRETONRVRAT U v RIEIC L - THIE
Lz T /BN RAT 04T R RERE LT
B R PEHF L-band Linac 7> 5 O 1-# (26 MeV, 8
ns pulse width) %, 7mr—7 L L TXe 77 »
aZ T EMCTHEEIToTo, ZDRER.
1150 nm fHEICH KRR 2 H-D>7 17— R
PERI STz (Figd), PARTOF %~ ORFFEL b |
INHORIIIAR Y AF L REm SOy
BN ~—T DHINHFF AIRE SN, DOHE
W7\ b OS5 2 &R HE ST
Wb Y PHS DX A ~—F VAN TF A DEF
RS (0ns~) OWEREEIC, RE EFICE
HETIZE AL ER BN o7, —F T, TBS
FLRHEDY 50% DR YU ~— O A= R ST
PHS O%a XV BWEREZ L, RE EFICK
D RS 1.6 51 EH L= (Fig.2),

L EOFERN G | BGEB I RS Sl R LLAM
7u bR TRELSEND ZEDRPENE R
STz, F72, TBS OEAZL VBT v b o Ks
OURFERAFIEN L0 R&E S RUSHERELS 720 |
PR /E OB DB LR 5 2 & 3H
Linklpol,

References

1) E. de Chambost et al., J. Vac. Sci. Technol.B 4,73
(1986).
2) H. Yamamoto et al., Jpn. J. Appl. Phys. 43, 3971

(2004).
3) K. Okamoto et. al., Jpn. J. Appl. Phys. 52,
06GC04 (2013).

Optical density (Norm.)

Wavelength (nm)

Figure 1. Transient absorption spectra of PTBSHS
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Figure 2 kinetic traces of dimer radical cations
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obtained by nanosecond pulse radiolysis at 1150
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Study on radiation-induced chemical reactions in aqueous solutions
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Development of a new flexible waste management strategy that high level waste (HLW) is stored in the form of
nitrate-based granules of calcine during middle-term instead of vitrification is in progress now. Low LET
radiation effects on such calcines are not known well, despite the importance. In this study, gamma radiolysis of
simulated nitrate-based calcines prepared at various conditions (calcination temperature, w and w/o moisture
etc.) was performed, and the yields and reaction scheme for the gas products were investigated
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Table 1. Gas products released with gamma-ray irradiation upon various solid nitrate-based calcines.

Sample H, NOx
Calcin. . p | Wt. |Quantity (mol)| G(H,) Quantity (mol) at 550 kGy G(NOX)
# | temp, | Form | Moisture | ;i () | at540kGy | (/100eV) NO NO, NOX (/100eV)
1 Powder| 0.0% . 3 | <3E-9 (nd. <2E-5 3E-11 6E-1 8E-1 1.8E-
der| 0.0% | 33 | 33 | <3E-9 (nd 2 2.3 2.6E-10 2.8E-10 8E-6
Powder| 1.0% 3|5 4.9E- 1.8E-4 4.7E- 1.8E- 3E- AE-5
2) | 300 °C d 0% | 33150 9E-8 8 9 8E-8 2.3E-8 8
®) Powder| 3.0% | 3.3 |50 3.1E-6 1.1E-2 3.7E-9 1.6E-8 1.9E-8 6.7E-5
(4)| 500 °C |Powder| 0.0% |~3.6[10.0| 0.0 (n.d.) 0.0 15E-11 (n.d.) | 14E-11 (nd) | 2.9E-11 (nd) | 5.2E-8
(5) Powder| 0.0% | 3.6 | 33 | <3E-9(nd) | <2E5 -3.2E-11 1.6E-11 -1.6E-11 <1E-7
(6) Granule| 0.0% | 36 [10.0| 15E-9 27E-6 | 8.9E-12(nd.) | 3.0E-12 (n.d.) | 1.2E-11(nd.) | 2.1E-8
) Powder| 0.1% | 3.6 |10.0|4.9E-8(nd)| B87E-5 5.4E-11 -1.4E-11 3.9E-11 6.9E-8
—— 600 °C
(®) Powder| 02% | 3.6 [10.0| 0.0 (nd.) 0.0 1.2E-10 -2.3E-11 9.8E-11 1.8E-7
9) Powder| 1.0% | 3.6 | 5.0 6.8E-8 2.4E-4 7.1E-11 1.4E-10 2.1E-10 7.4E-7
(10), Powder| 3.0% | 36 | 5.0 1.4E-7 49E-4 | 14E-11(nd) | 42E-12 (nd) | <2E-11(nd) | <I1E-7
(1 Powder| 1.0% | 3.9 | 5.0 1.1E-7 40E-4 | 48E-12 (nd) | 5.9E-12 (nd) | <2E-11(nd) | <I1E-7
—— 900 °C
(12) Powder| 3.0% | 3.9 | 5.0 3.2E-6 12E-2 | -4.2E-12 (nd) | 2.4E-12 (nd.) | <2E-11(nd) | <1E-7
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Electron transfer processes from excited naphthalene diimide radical anions in intensely interacting aromatic
imide molecules

Dept. of Material Excitation Chemistry

Hiroki Kawakami, Lu Chao, Mamoru Fujitsuka>l<

Radical ions are important intermediates of various chemical reactions and charge carriers in organic polymeric

and crystalline materials. We already reported that excitation of radical ions enhances their redox reactivities and

charge transfer rates. In this study, we studied photoinduced electron transfer processes from excited radical

anions of naphthalene-1,4,5,8-tetracarboxydiimide (NDI"*) in intensely interacted dyad molecules with a

xanthene spacer.
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Fig. 1. Chemical structures of dyad

molecules
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Figure 2. (Top)Transient absorption spectra
of NDI-X-PI in the presence of TDAE.
(Bottom) Kinetic trace of AO.D. at 675 nm.
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Excitation-Relaxation Processes of D-A Cycloparaphenylenes

Dept. of Material Excitation Chemistry?, ICR, Kyoto Univ.b

Mamoru Fujitsukaa*, Eiichi Kayaharab, Shigeru Yamagob

[n]Cycloparaphenylenes ([nN]JCPPs. n: number of phenyl rings), one of the typical hoop-shaped conjugated

macrocycles, have gained attention of numerous researchers because they exhibit interesting properties owing to

their highly strained structure and radially oriented p-orbitals. To modify their properties, tremendous synthetic

efforts have been devoted. From the viewpoint of application to the electric devices, introduction of an electron

accepting group into CPP ring is effective to enhance their charge transfer (CT) character, which is intrinsically

important to alter their electric and optical properties. Prof. Yamago and their collaborators have successfully

synthesized a CPP including benzoquinone, one of a typical electron acceptor molecule, in the ring (BQ[10]CPP,

Fig. 1). In the present study, excited state properties of BQ[10]CPP were investigated by means of time-resolved

spectroscopy during the laser flash photolysis. Especially, solvent polarity dependence was clarified.

[n]Cycloparaphenylenes ([n]JCPPs. n: number of
phenyl rings)| X #AY 1) 72 hooptk e 7y - CTH 0 | il
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CPPO oy MED i 2 B s L £ < DEaiTH
WTWDER, BIZEMEDS T ZCPPIZEAT S
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Figure 1. Molecular structure of BQ[10]CPP.
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Figure 2. Absorption and fluorescence spectra
of BQ[10]CPP in toluene, CHCl3, and DMF.

F13260, 67, L0699 ps TH-o7z, 420 nm~7



Ao'n'llhm

Time/10%s

- —
1o

Figure 3. (Top) Transient absorption spectra of
BQ[10]CPP in CHCI3 during the laser flash
photolysis using 420 nm femtosecond laser.

(Bottom) Kinetic trace of AO D at S50 nm,
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Figure 4. Excitation-relaxation processes of
BQ[10]CPP.

= A MY L—F—BREHZ LV | CTH 2 B IRUshiE 9
% Z & T 5= CHCI H O BQ[10]CPPL it Wk
LAY V% Fig. 312787, bl A (I
HE2365035 & TN400 nmi T FEEE S AL7-, B PN
WNEEZICBNT-Z &, ZOHEMBEXSEM L
FE—HT DL, SLICRIE —27 B H v~
W EBR CHMRINTZ T VNV A A DO E —
I L B 0 BRI Lo Ty 7 M S D
ERREMND | LRI ST RERIE T %
T w7 AZRNT D EEZ BND(Fig 4), T

Hh, CTHORIREIC LV e/ BRIl Z b
T RBEEOZF LT Ly I ANRELTE O L HE
AT,

Reference

1) M. Fyjitsuka, D. W. Cho, T. Iwamoto, S. Yamago,
T. Majima: Phys. Chem. Chem. Phys. 14 (2012)
14585.

2) M. Fujitsuka, T. Iwamoto, E. Kayahara, S.
Yamago, T. Majima: ChemPhysChem 14 (2013)
1570.

3) E. Kayahara, T. Iwamoto, H. Takaya, T. Suzuki,
M. Fujitsuka, T. Majima, N. Yasuda, N.
Matsuyama, S. Seki, S. Yamago: Nat. Commun. 4
(2013) 2694.

4) M. Fyjitsuka, L. Chao, T. Iwamoto, E. Kayahara,
S. Yamago, T. Majima: J. Phys. Chem. A 118
(2014) 4527-4532.

5) M. Fyjitsuka, S. Tojo, T. Iwamoto, E. Kayahara, S.
Yamago, T. Majima: J. Phys. Chem. Lett. 5
(2014) 2302.

6) M. Fujitsuka, S. Tojo, T. Iwamoto, E. Kayahara, S.
Yamago, T. Majima: J. Phys. Chem. A 119 (2015)
4136.

7) M. Fujitsuka, E. Kayahara, C. Lu, S. Yamago, T.
Majima: Phys. Chem. Chem. Phys. 20 (2018)
29207.

8) M. Fujitsuka, C. Lu, B. Zhuang, E. Kayahara, S.
Yamago, T. Majima: J. Phys. Chem. A 123 (2019)
4737.



ZILTHRAAEEL A AT—F5

HIVAFAL DR ZER ALY

Bk {t DNA 2D FIE

PERFIEE A BHE 2

NG 2%, Jie Xul,

EARBE A fERwET D

oyEF A PERFR T-E — ARERFSE bR D

R <1 @

Regulation of single-stranded DNA looping by formation of dimer radical cation of sulfonated pyrene

Dept. of Materials Excitation Chemistry, Institute of Scientific and Industrial Research 2,
Research Laboratory for Quantum Beam Science, Institute of Scientific and Industrial Research b

Kiyohiko Kawai?", Jie Xu?, Shunichi Miyamoto?, Sachiko TojoP, and Mamoru Fujitsuka?

Sulfonated pyrene, SPy, was synthesized and used as a radiation- and photo-regulator for controlling the single-stranded

DNAs (ssDNAs) looping in aqueous solution. The ssDNAs modified with Spy at both 5’- and 3’-end were synthesized. The

looping of doubly Spy-modified DNA composed of poly-dA or poly-T was stimulated by electron pulse and laser irradiation.

The association of the SPy*™ at one end of ssDNA with its neutral counterpart of SPy at the other end of ssDNA gives rise to

the formation of dimer radical cation of SPy (SPy2"), which provides a driving force for the looping of ssDNAs. The results

shown herein suggest the potential of SPy as a radiation- and photo-regulator for regulating the conformation and function of

biomacromolecules in aqueous solution.
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Pulse Radiolysis Time-Resolved Resonance Raman Spectroscopy Studies of Intermolecular Charge Transfer to
Tryptophan from Intermolecular c-Dimer radical Cation of Methionine

Research Laboratory for Quantum Beam Science®, Dept. of Material Excitation Chemistry”

Sachiko Tojo™*, Yoshihide Honda®, Mamoru Fujitsuka®

We have developed the nanosecond time-resolved resonance Raman spectroscopy (ns-TR3) during pulse
radiolysis. The oxidation of N-acetyl-methionine (Met) with hydroxyl radical (OH¢) in aqueous solution lead to
the formation of intermolecular o-dimer radical cation (Met)>™ with two-center three-electron bond between two
sulfur atoms (2¢-3¢ S.".S). The ns-TR3 spectrum of Met2™ shows a peak at 267 cm-1 (2¢-3¢ S.". S stretching).
The intermolecular charge transfer to tryptophan from intermolecular o-dimer radical cation (Met):™" was
investigated by (ns-TR3) during pulse radiolysis. This is the first report on the ns-TR3 direct measurement of

charge transfer process from 2¢c-3e S.". S o-dimer radical cation in amino acid system.
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Figure 3. Transient absorption spectra obtained after
the pulse radiolysis for Trp 10 mM in pH7 MilliQ
(N,O atmosphere).
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Figure 4. ns-TR3 spectrum observed at 50 (black) and 5000
(red) ns after a 8-ns electron pulse during the pulse
radiolysis of Met (100 mM) and Trp (I mM) in
N20-saturated aqueous solution.
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Ultrafast electron microscopy using relativistic-energy femtosecond electron pulses

Dept. of Advanced Nanofabrication, ISIR, Osaka University

Jinfeng Yang*, Kazuki Gen, Koichi Kan, Masao Gohdo, Yoichi Yoshida

Ultrafast electron microscopy (UEM) with femtosecond temporal resolution is a very promising technique to

observe directly ultrafast dynamic processes in materials science, chemistry and biology. In this report, we

presented the development status of a relativistic UEM instrument using a compact radio-frequency (rf)

photocathode electron gun. The results of high-quality electron pulse generation and the electron microscopy

imaging with the relativistic femtosecond electron pulses were reported.
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Generation of ultrashort electron beam using photocathode RF gun linac and THz measurement

Dept. of Advanced Nanofabrication, ISIR, Osaka Univ.?, Graduate School of Engineering, Mie Univ.
Institute of Laser Engineering, Osaka Univ.°

K. Kan**, R. Yoshida®, T. Matsui®, S. Segawa®, M. Nakajima®, M. Gohdo? J. Yang?® and Y. Yoshida®

Ultra-short electron bunches with pulse durations of femtoseconds are applied to many scientific applications

such as free electron lasers, terahertz light sources and pulse radiolysis. In this study, ultra-short electron

bunches were generated using laser-photocathode RF gun linac. In this paper, THz generation based on the

electron beam from the linac will be reported.
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Material modification using low energy electron beam

Dept. of Advanced Nanofabrication?, Daikin Industries Joint Research Laboratoryb,

Koichi Kan®*, Akihiro Oshima@b, Yoichi Yoshida?"™, Kazuyuki Sato?, Kenji Adachi®

For modification of various polymer materials, high dose radiation by using a low energy electron beam

accelerator was used for the grafting of the fluorine-based groups at ISIR, Osaka University. Samples was

prepared and then irradiated by electron beam, and then some properties evaluated in the laboratory.
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by low energy and high dose electron beam
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Development of functional materials using y-rays irradiation

Dept. of Advanced Nanofabrication?, Daikin Industries Joint Research Laboratoryb,

Koichi Kan®", Akihiro Oshima@b, Yoichi Yoshida?™™, Kazuyuki Sato?, Kenji AdachiP

For development of functionalized materials and modification of various polymeric materials, y-rays

irradiation for various monomers or polymers was carried out at ISIR, Osaka University. After y-irradiation,

various analyzes were performed. In the case of stearyl-acrylate (STA), the degree of polymerization differed

depending on the oxygen concentration.
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Fig.1 Sample holder for v -rays irradiation
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Study on high energy electron beam transport in an acryl phantom
Dept. of Accelerator Science, *Dept. Industry, Nagoya Univ.

Y. Sakai, T. Hosokai, A. Yamazaki*, A. Irizawa, Z. Jin

Propagation of high energy electron beam of several tenth of MeV, produced by a SANKEN L-band linac was
investigated under the purpose of a future application of high energy electron beams to medical application. In
this study, control of a deposition distribution of radiation dose in an acrylic phantom by means of a strong
magnetic field are proposed, and both numerical and experimental investigation were carried out. As expected in
the numerical simulation, in the experiment, a tendency of the localized increase of radiation dose deposition
were observed. Although further investigations are needed, the proposed technic can be applicable for a future

human body therapy by drag delivery system medication with electron beam trigger.
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Generation and application of slow positron beam based on the S-band linac
Research Laboratory on Quantum Beam Science, ISIR

Yoshihide Honda*, Sachiko Tojo

Generation of slow positron beam based on the 150 MeV S-band linac was started. A new moderator was
designed and equipped after annealed at about 1800 °C. The image of the slow positron beam was obtained by
using MCP. The number of the positron traveled to the adjacent room was estimated to be the order of

magnitude of 10° /pulse by annihilation gamma-ray, suggesting 107 /pulse can be obtained in standard linac

operation.
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Detail study for the time evolution of THz-FEL with EO cross-correlation

QST4, Research Lab. for Quantum Beam Science, ISIRb

Keigo Kawasea*, Yoshihide Hondab, Goro Isoyamab

Electrooptic (EO) cross-correlation measurement for the THz FEL is carried out for the study of time structure

of the THz pulses and their time evolution. As the result of data analysis, we found the characteristic variation of

the EO signals with the frequency of 3 — 8 MHz. These frequencies depend on not the wavelength of the THz

pulse, but the cavity length.
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Conversion of radiation energy to chemical, electrical and mechanical energy

Dept. of Electric and Electronic Engineering, KINDAI University?®

Teppei Otsuka?*, Shinsaku Hagiwara?, Sachiko TojoP

Amount of hydrogen molecules produced by gamma-ray radiolysis of pure water with Al, Ni or Pd plates was

measured by gas chromatography.

molecules was more than 10 times greater than that produced only by radiolysis of pure water.

In the case of Ni with a plate thickness of 0.6 mm, amount of hydrogen

This may be

caused by increase of deposition of energy at very near the surface of metals by secondary electrons originated

from interactions of gamma-ray and the metals.
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A study on electron spin resonance dating of chibaite using organic radicals

Faculty of Human Development, Kobe University?, Faculty of Biosphere-Geosphere Science, Okayama
University of Scienceb, Graduate School of Human Development and Environment, Kobe University©

Shusuke Isogai?”, Yuka Yokoyama?, Hirotsugu NishidoP, Atsushi TaniC

Chibaite, one of silica clathrates, has a framework structure with cage-like voids occupied by guest species. We

measured electron spin resonance (ESR) signals of chibaite samples before and after gamma-irradiation. Methyl

and tert-butyl radicals were observed at room temperature in the natural samples before irradiation. The amount

of methyl radicals was not mainly changed or even decreased in the irradiated samples because it might be

already saturated by natural radiation. In contrast, the ESR signal of tert-butyl radicals increased in artificial
radiation dose. It indicates that the tert-butyl in chibaite would be used in ESR dating.
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Molecular analysis of ionizing radiation induced mutations in the budding yeast
Kikuo Shimizu®¢, Youichirou Matuo®, Sachiko Tojo®

Radioisotope Research Center ?, RINE. School of Engineering University of Fukui®, Research Laboratory

for Quantum Beam Science®,
RINE. University of Fukui?

Our research group has been studying ion-beam induced mutation of the budding yeast, S288d1 RAD ™)
as model of eukaryote cell. In cases of ion-beam irradiations, several features of deep interest can be
observed, contrasting with the low-LET radiations such as gamma-rays. The yeast cells were irradiated
with carbon ions (2C*; 290 MeV) with the dose 50 to 200 Gy. 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.

In the research project of this year (18J472), 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.
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Gamma ray induced damage of window materials for nuclear fusion

Institute of Laser Engineering?

Kohei Yamanoi?~, Youwei Lai?, Yu Haoze 2

In space instruments, remote controlled robot for nuclear decommissioning, and other science activities
involving high energy, demands of radiation resistant optical components, especially imaging systems are
increasing. To reduce the influence of mechanical shocks and distortion as well as obtaining high quality images,
achromatic lens can be considered being used in such imaging systems. However, there are few alternatives of
radiation resistant optical materials available. Long-term exposure to high energy radiation can cause various
damages in most of glass materials, therefore developing and evaluating radiation resistant optical materials
become very important. In this study, we investigate various kinds of glass materials on their gamma-ray
irradiation-induced optical property changes to help select and develop new radiation resistant optical materials.
Gamma ray irradiation effects on lithium boron oxide (LBO), lithium borosilicate (LBS) glasses with varying

concentrations of boron oxide and lithium oxide, and several commercial optical glasses were first investigated.
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Impulse response measurement of the ultra-fast electron detector by using Pockels effect
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Ultra-fast time resolution electron detector has been developed for inertial confinement fusion plasma

measurement. Pockels effect based detector which had been utilized in short pulse electron accelerator

community was newly developed for our aim and tested by using 1ps electron beam at LINAC. ZnTe crystal

which is a well utilized Pockels crystal was tested and 1.5 ps impulse response was obtained.

(10 FA M ATZET )

Tex T —Y - a2 XF—0EBE H 5
LT, ifgeaiEd D, L—P — e 77X~
TAAERER MBS A 72 & DO YRAR ) 72 B X D REfE] 2
=L DN 1~100psFEE T D70 | B R RE[H] 4y fif
REZ R o TR R LA TH D, b —F— B E
FERCIIRIRKRF D56 TH3000), KEDLEIX
IMICH K SE R — =2 X —% T T~
RS20, 77X~ D3 IRITHH L
— P AEEAEIEBRETHD, (RO E R
TIRX<HMGRIL TV —F—2 T T D
10cmIZE X, A A=V —|ZLD T TR=HHHm
FEFEBEN TS T2 10ps D WEfH] Sy AR — 27 9 A5 %
ZEODTRHIIL Tz, LALLM L0 5 HlEE
D Ef A fRBED BRI 1T 10ps~20ps T, ZH & T A%
FOZRFHANE T TRuy,

— T CREM R &Y T B At OB RO W IR B
IZBW IR I VRS ERE L — Y — a7 a—
TELTHW B EEEHIAEBL T, L—H
—ERAIEATEDLS, v v ay RIS
THZ&L, 10mEL EDOFEBENLFHIITELLIITT S
e VYA CRETLE S (DI
VMNETHDH10pCA—4F — TSNS ENRH
B CTHD, 5 RNIFERFEIEDFH —HRLL T, Ay v

: T. Sanken, 06-6879-8380, taro@sanken.osaka-u.ac.jp

2R LD E AN F 7 EAT -T2, ZnTei fin D
(10 HF AN DI E LTz, L — P —LEFN
YFDLAI T HBACSE NS, TA N AF —R
FEEMELZ 7 my NIz DNRIK2THSD, 400pCDE
RT3 E R E ETEIL, 10pCTHIEHEL
TR O T DOREEE15T-,

(a)
Electron beam

: gative Vertical
pulse duration ~1ps arge polarization

2.4mm Efiolg  1/4Aphase plate component
Ti:Sapphirelaser ‘@ @@ - ‘ () ‘ Photo diode
pulse duration ~100 fs WL detector
Vertically e (110) =

Horizontal

line-polarized -onta
10 11 mm polarization

o
)

FWHM 1.4ps } }

Signal intensity(arb. unit)
s o
=
==
=
=
=
e
===
=

o ¢ <
N

=4
°

i

5 4 3 -2 1 0 1 2 3 4 5
Time (ps)

K286~ B TS F O L AIEE R

WAEEIXZOER YN v F ot — LT 7 A /38—
kL., £7zv o7 nvay bt TELHLIICL T,
10pCETHEL, L—F — R &L R KRBT
Z ORI S FRREDS R CE DR FEFET D,



RS FRAEESHAEEMHORSUIRICET MR
—B{ERIZEH T MM REDEL—

TR BR

B — TR a

FRILREF- 2%, SRR A 3, BIfEHfiK 2

Irradiation Effect of Insulating Materials for Fusion Superconducting Magnet
— Change in Mechanical Strength at Cryogenic Temperature —

Division of Sustainable Energy and Environmental Engineering, Graduate School of Engineering®

Yoko Akiyama 2 *, Nobuto Akazawa?@, Yuta Kunitoku?

In ITER, the insulating materials of superconducting magnets are used under severe conditions such as

electromagnetic force, cryogenic temperature, and radiation environment. Since the polymeric insulating

materials show high sensitivity to radiation and becomes brittle at low temperature, both the mechanical strength

and the insulation performance could be decreased. We focused on the interlaminar shear strength (ILSS)

because laminated materials are considered to be the weakest in the direction of interlaminar shear. In this study,

Glass Fiber Reinforced Plastics (GFRP) consisting of glass cloths and epoxy resin were made, and irradiation

effect on ILSS was examined at different temperature.

1. [IC®IZ

KE LA AP F R BB DR BHZ I T 7 A
HEgRIL 7" AF w7 (glass fiber reinforced plastic,
GFRP) LRVAIRT 4 )L DDA SN DB NAT VYR
BEMEIME S, mE e E-#R (102 n/m?, E >
0.1 MeV), {XIR (4.2 K), K43 MPaf2 & o g H
AW, 10 kKVEL EO BRI O i L\ BR B

IZEBLEIND. LTeD > T, M BHI I #rER 5

TNORRERIR, IS )BT SR TR RE & MERF 3
HIENKRDLND. IHIZ, ZTNHOERBEE R THH

H\CEETL0, 2RO EEIIIHTHE A7
HEOFMNLETHD. ZNETORITHIZETIE
GFRPoNA TV NGB O RR % 72 BT 2 73
FAESNTELD, BIKIE COBMAIECLF 4
& DA E AT IR IR E o O R ZER
FEAETHY, FHEHBREIEWIKIRA~ID L%
W EBRITIZEAE T TR,

AHFIETIL, HTATZRAL TR UBHIENEED
7T ARBHEBRA T T AT 7 (GFRP)AAERLL, v #rD
WU HR B E AR BR TR (SRR, IR RIREE, ik~
U KR A28 b ST, JE i A iR (ILSS) %

: Y. Akiyama, 06-6879-7897, yoko-ak(@see.eng.osaka-u.ac.jp

WELTZ. ZOZEIZEY, W LRI EIC LD
RN IR DA SN TR LT

2. EERIE

GFRPEAERLL T, MI1OLEANT RT IR T.L
72D, CCofREAE VT, #RER42 kGy/h, =i,
KRRAFHAR Ty AT HZET, HBAI20, 5,
10 MGyDOWIR &% 5 % 7=, ZH0ORER 72 X1
WORTREBIRRICREL, LD ELZANTDHD

? Compressive stress
1L
T ST 1| Glass
| &I ! " Dewar vessel
i |
1 1
1 |
' |
Speci mlen ! Liquid hellum
e ar
| I -1 Liquid nitrogen
- | [ Liquid helium

1 e A WrR R RER O RER (AR



ET, BRITAWRBREIT o7 B 2 ET 5
BED/a A~y RO F#EIEX1.0 mm/min. T, iR
(300 K), IARZERIRIE (77 K), AR~Y T LG
(42 K)D3DDIRESIE T CERMLT.

3. FEREB L

ILSS O G BRI K A7 M2 25 W UHR Bl DT
R 77 %R20R . FTEREICER T,
AR B L5, |IERTICHE A CTEIE TILSS2Y
U7, Zaud, RN ISt TP N
LizledEEZOND. —F, WIHREIZER 75L&,
EORBRIRE 2BV TH, 5 MGylZH~<T10 MGy
THEME T L. Zhud y IBFHZ I > THHED
NI S, BREEEMET LIl EE
Hhb.

120

100

=]
=

ILSS[MPa]
3

0 100 200 300
Temperature[K]

2 DRI & RBRIE I K D
& FE AU WTSREE DA

ZIT, RIBR T NERKY TN ST
ST 5L, 0 MGy Tl IR ZE R IRE (LNT) Tt
FED e RETR > TWDDITHL, 5, 10 MGy Tl ik
AT LR (LHeT) CHREE DS e KEgoT. 2D e
1, v BB XY, ILSSOIR R AF N2 95
AREMEA R TG,

PLEDFE R G, WRIREFIRE LR~V T AR
BECIE, FREH% ORI TR 23 B e B AT REME 3 RS
e, A%, SOICERIEA L TRIEZTTHIE
EBIZ, ZOEWDFIRIZOWT, #IEZDHLD D%
b, 36 L OMHAELBHIE D S 1R DARBED ZEAL DT I
HEHLUTHREET S TETHD.



3D TV B—IZ&BTSRAFVIBERDEREMFHRBH DR OBRE

TR R BET AL — TR 8, TR JCRHEE AT B

FKILE - 2™ g A, AAEAD, ODOD b, EEET-b

Examination for irradiation effect of plastics molded by 3D printer

Division of Sustainable Energy and Environmental Engineering, Graduate School of Engineering?,
Graduate School of Engineering, Technical division®

Yoko Akiyamaa*, Chizu Kato?, Kota Kimurab, Genki Yamasakib, Junko Yoshiokab

The purpose of this student experiment is to acquire basic skills in design and drafting, and to learn about the

radiation degradation of materials and the material mechanics. The structures of plastics were designed and

manufactured using 3D CAD and 3D printer. The plastics were irradiated with gamma rays, and the effects of

gamma-ray irradiation were evaluated based on the changes in mechanical properties by compression tests and

FT-IR spectra before and after irradiation.
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