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Figure 1: Layout and photo of S-band RF gun based accelerator facilities at ISIR, Osaka University.
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Figure 2: New femtosecond electron linear accelerator using RF gun.
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Figure 3: Photo of time-resolved relativistic-energy electron microscopy using RF gun
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Figure 4: New high-repetition-rate RF gun. Figure 5: RF gun test facility for short-pulse and low-emittance



2-3-6 £&9

PIE, BRKEM S XU K74 MUY —RRFEBFEHEIA T v I7OBHRET 7 7L — K, ZX
BATFERK U7 RF 188 % F VO 7o R 20 AR 78 1 BRI 25 & . BIFERR S 0 i i (58 RF B 18t
LT A RRUFIEBICOWTHEN Uiz, BRKEMN 7+ F 7Y — K RF BEF8T74 T v 7%, W
IV A A B DR AEIZB W TR s & e o TV D, Z O E AW @ NV AT Y
F U A, A FE TRESER CTOR T E— LB EOWRL - LA SONBERENRE T, oinlE
DR L FREEDRBIFR, 94 74 /) _XR—> g VORBIIWBOH TREREBZ LT-0TTHA 9,
F7-. 7= b MRS MRE ISR, 7 = o NEBIORE S REE L R T LV O 22 A5 iR
BEZ RO LWRIE Y — L Th 5, FEHTIIX, 5% O G E#EER T 2 BRI ERIZ
BILEELTHA D, BIERET TH D @K L RF E88I%. R iR E 1 BaMEE O E A kI
RAIRREFIRCTH D, EHITHIE, 20 RF EFHEE2HWH LWE IS, B IEikes
OYERETE T 25 2 T, NN ORI T, — IR SEiEsk O E CHEARRETH D, BT,
7 = 5 NROOEEEMSMENINEN D Z L 2E 2T, RIMROBFEMEBEOHAL S - ThH
SWVIBE TR, HERFOWERBER A ENHEL TOE W [EoE | Tho,

ARFFE D0, STHRM 2B R se g afibh 4 (GEMERFE (A) | 26249146) 7 MR/ LA
TG AOHESE] | (GHEFZE (A) | 26246026) 7 = & NRVERRS AR E - BEREIICEE T
BWGE] Lo TEITAREE I o Tz, T, 74 MUY —FK RF &1 T7A4F v 7 OBRIZBW
T, KIRKZFEERFTR OB L CHIR N D Z KT EE WP, EEBRICBWLTIT
KB K 2 PE 2R A ZE T B B - B — DR R ZE i % D # B & Hik B 0 5 2 12 b e KR O )
N2, AN SOV A R AR R E ORI R L X — AR JE RS (KEK) &
HFRIFIECTH D, BRI 2 5 2 IR IEH L2,

2-4 2L k6 0 RBEBE

2-4-1 H%EE

a1 b 60 H U~ BB E RL ARIR 3 RKE2RA L. S CTO v BIBE ORI AN AR L 22> T
Do

2-4-2  FIFIRB

SRR 25 FEEED @30 bk 60 R i ER OFIHAREBIZ 18 CTh o 7o AR A R LICE L BT,
FIR s L ORI R 23 RN L, FRFRIH ORI L7z, 5l&kiE 2391 |k 60
RIS A FIH ST 5,

F 1 R 25 AR 3L R 60 BRI R R D
(Fpk 25 458 12 H 31 HELE)

R EAINEREE FF FHIER] (hrs)
PEFEFRL T ZERT 11 58
PERFZER 5 30
L— = R L — g A — 0 0
LA TR 36 2964
RI & % — 8 5
SEHE TR 1 4
LA 0 0
At 61 3061

2-4-3 HEBOMREHE
23 kBt FROEER I o A T A O A SRR EB L OMRTFEHERB o722 ),



2-5 Rk 26 EE HEFBARIRT —~—&
2-5-1 HFEFIHT—~—%&
ARE B BFER T HUAH K4 I P 2
AL FLOWFEICE e —L v NS : - NN
26-A-C1 S DT FEMT B ILEBA LR
A7 I VRN ATIOFY TR . .
-A- ‘ = R AV
26A°C2 | - 1515 3 R L DS B M| LS R
T BEmTORT E— ABRILER N e
26-A-C3 b PEMF ¥ Al LSy R
26-A-C4 | EMEEEE B — L DO3E & RerEllE FEM I HE RS LAV R
a2 Vi = —F— S = . .
2605 | o/ I LR A PR A | LSy
L Ay FEFITIAT v 7ITBITD
26-A-C6 | THz-FEL Y4tk X ORI FH R B BEMF N5 B LRV R
DIFZE
R=AN bk 2 £ P ; -+ e LR
26-A-C7 | V'V A NED T O RGIEBERIR DM FEMF & B — N
HRIEHIC X 5 8 s R 50 5 5 SR
96-A-CS TR X D BB RGOS o Itk | LY R
i = PAVIEN
N EB/EUV I LY 2 FS&E{LD - e | LAAUR
26°A°C9 | o o PERF =l N
26-A-C10 | 5 9B A 2 DRHE P I
26-A-CLL | HOHBE ST i g o | L0
26-A-C12 | 5 UH A A2 HEARIE FEF g o | L0
. L NN -
26-A-C13 | O RS I e g | 00
LN R
26-A-C14 | KIEHE D AL A 23— ST FEHF SBE SUAY AN
RF 181
26-A-C15 | W45 iR TR EE 2 B3 DA gE PENTF ¥ Al RF &8t
7% + AV — K RF EFHICBIT 5K
26-A-C16 | =X v XV AEFE—L2RBAEIZET S PENF ¥i &lE | RFETER
5T
T4 "N V—FRFEFHETA T V7
26-A-C17 | 12X BT =AW - 7 FPEF /LA FERIF ¥ 4% | RF &1k
DIA
- b b S 5 3
06-A-C1g | =2 MRT MR AT A Y v PR B 4l | RFETH
DWF5E
N S N FIA Ty 7 eHOBETFE S I
26-A-C19 C MER OB PEMT i i A !
o | TE T TR & O 72 8 03 T TR AR ey | 27UV P
26-A-C20 DEGE PEMF 2 R




YT ra AT o4 ) Rz kB

26-A-D1 F ) I AR O PERF/ ALK /A | LU R
T T~V SRS I U D R RS AR O - il R
26-A-D2 BRI S PERE/ R BeIL/=4F | LN
PSIVATVF Y U AIEIT K DR X BB | - o St
26-A-D3 WS L 2 b OB R LT PER/BARHR | HH/BRE | LAAUER
L N REFTA Ty I7IZLDES
26-A-D4 | #JE THz Yo & W - [EIRE FIREEONF | PENF/48rE K NEB/ A | LAAVE
A
7L
F vy ha=r 2AHESTHENO i LAV ER
26-AD5 | Lo FERFIAER WA/BA Ok
L FENT/ BERAF B/ KN IAVAN
26-A-D6 | 5T DML i i 2L T
N ISR X D AR BT S | ~ [N 230 R
26-A-D7 . PEME/fE R 2 M/ I
BT L)LY SRS X B0 B | PEMF/ B LT . ; S ke
26-A-D8 O e BEILARR | Lo R
B UL 2 F LY 60Co IR Z v
oo L —EE y AT ha A . A LAV R
‘B- —— 12215 '
26BCL | s, oy wgp | U0 0| AR o0y
TR O BH RS
o~ HRR ST B AR GY RS . " N
96-B-C2 Z;jﬁ@f%&ﬂﬁioﬁévmﬂimwﬁﬁw LW | L ST | 2 b
26-B-C3 | EBEHIHR O AR B O fRNT Rl y&— | EKEARE | 291k
= A i v z ;’7 . e .
26B-Ca | i o IS B8R BESS YR g | 6 g | =k
. WBERERHA LY 7 v~T U T LD . o SR
26-B-C5 " L FER ey %N 2R
26-B-C6 | -1 OSL HEIZ >V T OfFZE BT R (LA 290 k
S /(\7 NS Z B B - . .
=
2-5-2  FAEKRFAE - ZRFERRT —~—&
AR W i HAH K4, Pl
Tg WIS \/Hﬁ Tz % Y B RIK \\ ~ N .
pggry | LSRR IS SWRBRAR | s | agrme | Lo
3 R L T DR o 1w ~ S
96-J-2 gf%ﬁﬂﬂﬂnlﬁﬂ»@%z%ﬁ%tﬁfE@ﬁ% T WAt | Lo K
N e S D) 2 s — R . .
2603 | fo o b CORFRIOTZAON ey | mtega | Lok
TINNWY N AT M0 ISIR TH AATES NS
2604 | REL o8 prstar | DEEM ) LotR




LKy 7 ARSHEE S LT U R Y —

2675 D RUSEERLD 5 A 3 7 A FERE | EARE | LS

T kgﬁ};ﬂ: THz FEL %)ﬂb\f:m{ﬁﬁlﬁjﬁ%% s PN N -

26T6 | o eisic ko iEE RO () | DT | RERE ) LR

sogr | IVATTAY AR MO I | BT AR LAy K

RS COMBIEE S B 5 % B FE b KfWe— | RF &4k

1 EAEE BURBRIB R DT D) )« ~ A e LK

2608 | R REEERT | gom ms | RF s

B BT T B 2N O e B4R 57 L LAv R

26-J-9 R RN L RS

— < . o LAV R

26-J-10 T HNA T DFEERRERER DT R SN S L 2oL b

2-5-3  AEHFEFA - LRHAEFERT —~—&

26-SJ-1 | MR A - bR & BT RRRRE | . T
: = [5) [

265)2 | BT 5~ J A 5 OIS FERF/NEC | BEIL/ B | Lo R




BRERF SoxR DARA—/I—FFH A F72F U ORIGEZEXE
¥ HRFEEDEENER

W K PERF &7 © — A E Rl

01122 NNV S LR E = <G TN

Distinct Differential Sensitivity to Superoxide-Mediated Signal Transduction of SoxR and Their Physiological
Significance

The Institute of Scientific and Industrial Research, Osaka University

Fujikawa Mayu, Kazuo Kobayashi, Takahiro Kozawa

The [2Fe-2S] transcription factor, SoxR, functions as a sensor of oxidative stress in Escherichia coli. To elucidate the

activation mechanism, we investigated SoxR interaction with O, using pulse radiolysis. Radiolytically generated hydrated

electrons reduced the oxidized form of the [2Fe-2S] cluster of SoxR within 2 ps. A subsequent increase in absorption in the

visible region corresponding to reoxidation of the [2Fe-2S] cluster was observed on a time scale of milliseconds. Addition of

human Cu/Zn superoxide dismutase (SOD) inhibited this oxidation in a concentration-dependent fashion (/5 = 1.0 uM),

indicating that O, oxidized the reduced form of SoxR directly. The second-order rate constant of this process was estimated

to be 5 x 108 M s™!. A similar result was observed after pulse radiolysis of P. aeruginosa SoxR. However, SOD inhibited the

oxidation of reduced SoxR much more effectively in P. aeruginosa, even at a lower concentration (/5o = 80 nM), indicating

that the soxRS response is much more sensitive to O, in E. coli than in P. aeruginosa. These results suggest that SoxR

proteins play a distinct regulatory role I the activation of O,

XL ®IC

N7 T U TN BREIDSE L TEEZ £
HR G K& MerR Family 2N FEET 5, ZOHT
SoxR I%, & —EBALIC[2Fe-2S] 7 T AKX —%
Fib | 2 ORI 72 LI TTIC K o TERG I &
5, SoxR ITH 4 D 7T ARRIEEICAFIET 503,
ZOAEBPEETEBICL > TRELSERD,
E. coli T3tk F L AITISE L CIEEEME %
b, A= —FF A KT ¢ A L% —1E(SOD)
E e b A b L ARG Z o8 B O FE B % il
L TWD D, Zhioxk L THEIEE (P.aeruginosa)
ICBWTE A7 = % L ek #
VR TERIIRBEFR ORBUCE D D LW S
TW% 3, WFIE7 3/ BELSIS 62%  identity
LIS RESIN TV DD ERNTORENTZ D
EIOICRES R RS, AEIFK~1X, E coli SoxR

& %X P. aeruginosa SoxR & A= BRI E D&
W2 KT Oy & DRUSHEISIENR RN S A
PNNVATG A VA EOVRBRR Lz, £72, %
D DN Z R 8D 5 K 712DV T B R R %
AW FEBRZIT -T2,
£

E. coli, P. aeruginosa SoxR (Z3#B 77 A3 N %

A FD I FTAE—ERA RN BT T A
2 R LRI E. coli CAL(DE3)H TREFRHEITV,
P-ENBE—ABTLEFNABIRTT ALK
L7,

PIVA T VA Y v AYEIL KCI (0.5 M), AT
FRUDL (10mM), OH F¥ AV ALNR Y
¥—LLTHF®FT MU ULAO0L MEETY 2
EEE (10 mM, pH 7.0) Z W7z, BRFEAFO
FEENRIZ SoxR (70 uM) &Nz, W 7 v & R

*M. Fujikawa, 06-6879-8501, fujikawa55@sanken.osaka-u.ac.jp



L7z, FEFHRHRGHIIFRRPERTF L-band T 1 F v 7
TIT-o7,
RRBLUOBE
E. coli SoxR Z & TeilEHI SV ARG 2 & |
420 nm (ZF T DRI F ) BRI ClRA L, &
D% 2V FHEE TR OMEM L 7= (Fig. 1(A)).
W21 SoxR Db LB TRIDZ#E AR b
NVE—FL7=Z LD D (Fig. 1(B)). SOXR I eyl
LI, FDEHRFBILT D Z LR ahoTz,
ZOFRIZE k SOD % 11 uM #sind 5 & & it
WCERITA O BRI LOBBEAHEA LI L
25 (Fig. 1(A). BERLIL O IC £V BT a

(A)
+11uMSOD %+
0
E
o
-4 -5 '2
E
w
<
350 400 450 500 550 600 650

WAVELENGTH (nm)

Fig. 1. (A) Absorbance changes after pulse radiolysis
of E. coli SoxR under O, saturated conditions in the
absence and presence of SOD. (B) Comparison of
kinetic difference spectra after pulse radiolysis
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Fig. 2 Effect of SOD on Comparison of SOD effect on
the oxidation of E. coli (O) and P. aeruginosa
SoxR.(@). The ratios of the increase in absorbance
change (AA,) to the total absorbance change (AAp) in
(B) were plotted against the concentration of SOD.
Inset: Effect of SOD on the oxidation of P. aeruginosa
SoxR on an expanded scale.

Fig. 3 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(3)).
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Conformational equilibrium of cytochrome P450 reductase as revealed by pulse radiolysis

The Institute of Scientific and Ingustrial Research, Osaka University
Kazuo Kobayashi™, Takahiro Kozawa

NADPH-cytochrome P450 reductase (CPR), diflavin reductase, plays a key role in the P450 mono-oxygenase system. The
enzyme contains one FAD and FMN. The reduction of flavins in CPR by the hydrated electron (e,) was investigated by
pulse radiolysis. The e, was found to react predominantly with FMN to form the red semiquine of FMN. Subsequently
conversion of the red to blue semiquinone was observed with a first-order rate constant of 1.5 x 10° M™ s™. A similar process

was observed after pulse radiolysis of the isolated domain FMN. However, the reduction efficiency is much lower than that
of FMN of the isolated FMN domain. A CPR variant, with 4-amino acid deletion in the hinge connecting the FMN domain,

was reduced by e,q efficiently. From these results, the FMN domain of the enzyme undergoes a structural rearrangement that

separate it from FAD and exposes the FMN.
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Fig. 1. Ribbon diagram showing the structure of CRP.
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Fig. 2Hinge region of CPR.
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Fig. 4 Absorbance changes at 460 nm after pulse
radiolysis of wild type of CRP. ATG, and ATGEE
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Study of FEL generation via 27 MHz operation of L-band linac

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

Keigo Kawase®, Ryukou Kato?, Akinori Irizawa?, Shoji Suemine®, Goro Isoyama®™

By using the 27 MHz burst pulse electron beam driving with the new grid pulser system, we make the
enhancement of the THz-FEL intensity. The energy of the FEL is achieved to be equal to 26 mJ in the
macropulse, and thus, the micropulse energy is reached to over 200 uJ. In this report, we show the summary of

the present status of the FEL in the 27 MHz operation.
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Study and experimental use of THz-FEL beam generated from L-band linac

Dept. of Accelerator Science
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Improving the fundamental beam profiles of ISIR THz-FEL beam has been in progress for experimental use of
material science. High power, high density, short pulse, and monochromatic THz-FEL has potentials not only as
a probe but also for a pump source for miscellaneous compounds such as magneto- or electro-optic solids,
molecules having relatively large mass, and hydrous anatomies. Analyses these samples are based on energy
resolved (spectroscopy), time resolved (time domain experiment), and space resolved (microscopy) procedures.
As usual, THz light, i.e. far infrared light acts as a low energy probe source for electronic states near the Fermi
level in solids. Intense THz pulse generated from FEL can be a new pump source for a nonlinear response
physics. Monochromatic brilliant THz beam will develop novel excitation phenomena where the energy of initial

state is in far infrared region.
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Characterization of THz-FEL with fast THz detector

Dept. of Accelerator Science?

Sousuke Funakoshi®, Masaki Fujimoto?, Tsutsumi Ryota?, Masaki Yaguchia, Keigo Kawase &, Akinori Irizawa?,
Ryukou Kato?, Goro Isoyama®™”

Characteristic of the THz-FEL is studied using fast THz detector at the Institute of Scientific and Industrial
Research (ISIR), Osaka University. This is Schottky diode detector of which time resolution is high enough to
separately measure THz-FEL micropulses at interval of 9.2ns. The response of Schottky diode detector is
measured by correlation between the outputs of one and fast pyroelectric detector. The Schottky diode detector
shows typical V-I characteristics of a diode. It can be used even in the higher power region using a calibration
curve to convert the output voltage to the intensity of the input radiation. The power evolution and time variation
of gain of THz-FEL are measured with the Schottky diode detector.
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Pulse Radiolysis Study of Primary Process of Radiation Induced Chemical Reaction of Polystyrene
Dept. of Advanced Nanofabrication

Masao Gohdo, Koichi Kan, Takafumi Kondoh, Jinfeng Yang, Hiromi Shibata,
Hitoshi Kobayashi, Atsushi Ogata, Seiichi Tagawa, Yoichi Yoshida

Protective effect of polystyrene under the irradiation of ionizing radiation was studied by pulse radiolysis
technique in solution. Formation time constant of phenyl dimer radical cation of polystyrene and the polystyrene
excimer were found to be >7x10% st and >4x10% s, respectively by fs-pulse radiolysis. Fraction ratio of
phenyl cation radical of polystyrene was estimated from the relative yield of solvated electron in THF, and was
8:2 for the dimerization reaction of the cation and the recombination reaction with electron.
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Table 1 G-values of polymers
Polymer G(x) G(s) T/°C
HD-polyethylene 0.96 0.192 35
LD-polyethylene 1.42 0.48

0.051 -196~65
S 0.038 0.024 50
S p-methyl- 0.061
3 p-bromo- 31
a p-chloro- 0.03
a-methyl- 0.25

. . 0.23 r.t.

Polyvinylchloride 0.93 70

G(x), G(s) and T denote G-value for cross-linking,
chain scission and temperature, respectively. HD
and LD stand for heavy and low density. @
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Intermolecular and Intramolecular Electron Transfer Processes from Excited Naphthalene Diimide Radical
Anions

Dept. of Molecular Excitation Chemistry, Chonbuk National Universityb,
Research Laboratory for Quantum Beam ScienceC,

Mamoru Fujitsuka@, Sung Sik Kim&DP, Chao Lu?, Sachiko TojoC, Tetsuro Majima@

Excited radical ions are interesting reactive intermediates owing to powerful redox reactivities, which are
applicable to various reactions. Although their reactivities have been examined for many years, their dynamics
are not well defined. In this study, we comprehensively examined intermolecular and intramolecular electron
transfer (ET) processes from excited radical anions of naphthalene-1,4,5,8-tetracarboxydiimide (NDI**).
Intermolecular ET processes between NDI** and various electron acceptors were confirmed by transient
absorption measurements during laser flash photolysis of NDI*- generated by pulse radiolysis. Although three
different imide compounds were employed as acceptors for NDI**, the bimolecular ET rate constants were
similar in each acceptor, indicating that ET is not the rate-determining step. Intramolecular ET processes were
examined by applying femtosecond laser flash photolysis to two series of dyad compounds, where NDI was
selectively reduced chemically. The distance and driving force dependence of the ET rate constants were

analyzed by the Marcus theory.
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Fig. 1. (a) Transient absorption spectra of NDI
(1.3 mM) in DMF in the presence of Pl (100 mM)
at 2.5 and 3.1 ps after electron pulse irradiation
during the pulse radiolysis — laser flash photolysis.
The 532 nm laser was irradiated to the sample at
3.0 ps after the pulse irradiation. (b) Kinetic traces
of AO.D. at 470 and 710 nm.
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Fig. 2. () Kinetic traces of AO.D. at 470 nm
during the pulse radiolysis — laser flash photolysis
of NDI (1.3 mM) in DMF in the presence of PI (0
— 100 mM). The 532 nm laser was irradiated to the
sample at 3.0 us after the pulse irradiation. (b) Plot
of Y470 against [P1].
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Fig. 3. Free energy change (AG, i.e. AGgr and
AGger) dependence of ET rate constants (ker, i.e.,
Kinraer  (filled circles) and Kinrager (Opened
circles)). Red curve was calculated using eq. (11)
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Measurement of electron beam using photoconductive antenna

Dept. of Advanced Nanofabrication

K. Kan*, J. Yang, A. Ogata, T. Kondoh, M. Gohdo, 1. Nozawa, T. Toigawa, Y. Yoshida™

Generation of femtosecond electron bunches has been investigated for a light source based on electron bunches

and improvement of time resolution in time-resolved measurements. In this study, electric field emitted from

electron bunches were measured using a photoconductive antenna (PCA) with radial microstructures. Radially

polarized terahertz (THz) pulses from femtosecond electron bunches were generated by coherent transition

radiation (CTR). Photo-induced current depending on THz electric field was measured.
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Study of the fast reaction in model compound for further sensitive EUV/EB resist

Dept. of advanced nanofabrication?, Dept. of sustainable energy and environmental engineeringb

Takafumi Kondoh?™, Satoshi Nishii2, Masao Gohdo?, Koichi Kan@, Jinfeng Yang®, Akihiro OhshimaP,
Seiichi TagawaP, Yoichi Yoshida®™™

Geminate ion recombination and radiation induced decomposition in n-dodecane was studied by a femtosecond
pulse radiolysis. Excited radical cation which had 3 ps life time was suggested to the precursor of the radical
cation. Formation time constant of Alkyl radicals produced by radiolysis was estimated to be 3 ps. Alkyl radicals

were produced directly from the excited radical cation.
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The Time-resolved Resonance Raman Spectroscopy of Thioanisole Radical Cations by during Pulse Radiolysis

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

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

Relationship between the molecular structure and dimerization reactivity of 4-substituted thioanisole (ArSCHs)

radical cations (ArSCH3**) in aqueous solution was studied by the nanosecond time-resolved resonance Raman

(ns-TR?®) spectroscopy during the pulse radiolysis. The positive charge of ArSCH3** delocalizes on S atom and

benzene ring with increasing the double bond character of Car-S bond. No C=C stretching vibration was

observed for the semi-quinoidal structure of ArSCHs** but not for ArSCHs. The semi-quinoidal structure with the

conjugation between S atom non-bonding electron and m-electrons of benzene ring is important for the formation

of o- and n-(ArSCHa),**.

W L BT FHICEE R TR THY . &
AT A U EEL T NVEF A TAEERNTIER L E
FRICBWTHERER G T D, YALVT 4 N
BEARTHIBLM I NV E T A U7 ERiELE Y
DAL LS P EEOEEEZH LT 5 2
SRR C B W THETH D,

& ZCAREE Fig. LWILRTF A7 =Y — 1D 7
DAV H F A (ArSCHs™) Z i R b 22 B R kA2
F VAR S, ArSCHs™ DRF[E /) fRfIREN IS &
i & DB AR BN Lz,

b-AFNFFT ==L A K ) — L (MTPM)AK H
DEPNSNVAT DAY ATERTH5MTPM T
CHNHF A (MTPM T E - FRIBE50 nstg iz
550 nmOWI AL 41 5, B %532 nm
L= —ZAL B OB IERF S LMTPM Dt
T~ HELERIE L=, 658 (CHs bending of SCHa),
720 (S-CHs stretching and out-plane CH bending),
1001 (CHs bending of SCHs and in-plane C-H
bending), and 1463 cm™ (CH3 bending of SCHz)™ita
T~ v 7T ARBIR ST (Fig. 2A), —T7~
B U BRC=CIRfEREN N H & L7z,

Raman Intensity

o

SCH; SCH;
CH,OH OH
MTPM MTP

Fig. 1. Molecular structures of 4-substituted thioanisole
used in this study.
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Fig. 2. (A) ns-TR3 spectrum observed at 500 ns after a 8-ns
electron pulse during the pulse radiolysis of MTPM (0.5
mM) in N20-saturated aqueous solution containing NaBr
(100 mM) and (B) steady-state (CW) Raman spectrum
observed for MTPM in aqueous solution.
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Fig. 3. (A) ns-TR® spectrum observed at 500 ns after a 8-ns
electron pulse during the pulse radiolysis of MTP (5 mM) in
N20-saturated aqueous solution containing NaBr (100 mM)
and (B) steady-state (CW) Raman spectrum observed for
MTP in aqueous solution.
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S and O atoms, respectively.
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Reactivity of 4-substituted thioanisole radical cation
Research Laboratory for Quantum Beam Science?, Dept. of Molecular Excitation Chemistry®

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

Reactivity of 4-substituted thioanisole (ArSCHs3) radical cations (ArSCH3**) in organic solvents was studied by
the nanosecond time-resolved absorption spectroscopy during the pulse radiolysis. At high concentration of
ArSCHgs, ArSCHs** reacts with ArSCH3 to give ArSCHadimer radical cation (- and nt-(ArSCH3),**) in
benzonitrile. The formation of 6- and - (ArSCHa)2** is unfavorable due to the formation of CI- ArSCH,**

complex in 1,2- dichloroethane solution.
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KA Fig. LR T T AT =Y =D T Vv Fig. 1. Molecular structures of 4-substituted thioanisole
used in this study.
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Fig. 2. Transient absorption spectra observed at 50 ns
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Se-Se Bond Cleavage of Diaryl Diselenide Radical Anions

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

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

Diaryl diselenide radical anion (ArSeSeAr*) generated during the y-radiolysis in MTHF at 77 K showed an

absorption band at 440 nm, where an unpaired electron is localized on two Se atoms. Upon increasing

temperature, the absorption band at 440 nm shifted to longer wavelength, suggesting that an unpaired electron is

delocalized over two aryl rings and Se-Se bond. ArSeSeAr*- undergoes the Se-Se bond cleavage, mesolysis, to

form ArSe* and ArSe". The relationship between the Se-Se bond cleavage and delocalization of unpaired electron

in ArSeSeAr* is discussed.
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Fig. 1. Molecular structures of diaryldiselenaide
used in this study.
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Fig. 2. Absorption spectral change upon
annealing from 77 to 100 K after the
yradiolysis of *NpSeSe*Np in an MTHF rigid
glass at 77 K.
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Fig. 3. Transient absorption spectra observed at 50 ns,
500 ns, and 5 us after an electron pulse during the
pulse radiolysis of *“NpSeSe“Np in MTHF at 175 K.
Inset shows time traces of the transient absorption at
540 and 690 nm.
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Fig. 4. Transient absorption spectra observed at 50
ns, 500 ns, and 5 us after an electron pulse during the
pulse radiolysis of (a) PNpSeSe’Np and (B)
PhSeSePh in MTHF at 175 K.

Table 1. The Se-Se Bond Length (r), Dihedral Angle Formed by Aryl Plane and Se-Se Bond (@ass.), and Spin Density on Se-Se Bond of ArSeSeAr",

Rate Constant (k), Activation Energy (E

) and Frequency Factor (A) for the Se-Se bond cleavage of ArSeSeAr".

ArSeSeAr ArSeSeAr”
r[A] Dryse [°] @[A]  Duse[]  Spin density on Se-Se bond Kel s E. [keal mol ] Als]
“NpSeSe’Np 2.354 84.2 3.046 65.4 0.84 1.4 x10° 23 1.1x10°
’NpSeSe’Np 2.296 10.4 3.001 18.9 0.95 2.2x10° 28 4.0x10°
PhSeSePh 2.337 87.7 3.019 12.9 0.96 3.3x10° 23 1.3x10°

[a] At 175 K. [b] Indefinable. [c] Not measured at 175 K, while k= 2.8 x 10" s at 295 K. [d] Not measured.
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Study of Femto-second and Atto-second Pulse Radiolysis

Dept. of Advanced Nanofabrication

Masao Gohdo, Koichi Kan, Takafumi Kondoh, Jinfeng Yang, Hiromi Shibata,
Hitoshi Kobayashi, Atsushi Ogata, Seiichi Tagawa, Yoichi Yoshida

Study of femto-second and atto-second pulse radiolysis and the progress of its development was reported. One

of the essential component of this super high time resolution is an ultra-short electron beam, and the generation

of less than 10 fs electron beam was achieved. The pulse radiolysis measurement system upgraded in terms of

affordable wavelength region (240~1900 nm, 0.5~2 THz), measurement programs. Reduction of experimental

noise was also achieved. Update of the time resolution of pulse radiolysis is accomplished, and this study will be

move on to the next stage.
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Generation and measurement of ultrashort electron bunches using S-band photocathode RF gun linnac

Dept. of advanced Nanofabrication

Itta Nozawa, Koichi Kan®, Jinfeng Yang, Atsushi Ogata, Takafumi Kondoh, Masao Gohdo, Yoichi Yoshida™

Ultrashort electron beams with pulse durations of femtoseconds and attoseconds have been investigated to
improve a time resolution of time-resolved measurements such as pulse radiolysis and ultrafast electron

diffraction (UED).

In this study, the 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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Characterization of cray minerals relating to the adsorption ability of Cs using positron

RLQBS of SANKEN®, Graduate School of Engineeringb

Yoshihide Honda®™, Yuki YoshidaP, Yoko Akiyamal, Shigehiro Nishijimab

After the nuclear power plant disaster, the evaluation of radioactive Cs kept in soil, especially in clay minerals
and the elucidation of its movement are urgent subjects to promote decontamination. It is known that the
extractable level of Cs depends on the sort of clay minerals. We tried to find the characteristics of clay minerals
belonging to phillosilicate group using positron annihilation spectroscopy (PAS) and the relationship between
the results of PAS and the amounts of substantially extracted Cs from the clay minerals. The results showed that
each clay mineral was found to be distinguishable from other clay minerals by PAS and the extraction rate of Cs
was different among those clay minerals, however the direct correlation between the results of PAS and the

extraction rates of Cs was not found.
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Measurement of Solvated Electrons in Tetrahydrofuran and Fluorinated Polymer Using Sub-picosecond Pulse
Radiolysis System

Dept. of Beam Materials Science, The Institute of Scientific and Industrial Research, O%aka University@,
Faculty/ Graduate School/ School of Engineering, Hokkaido University

Hiroki Yamamoto@, Kazumasa OkamotoP, Naoya NomuraP, Kikuo Umegakib, Takahiro Kozawa?

Quantum beam nanolithography such as extreme ultraviolet (EUV) and electron beam (EB) lithography is
expected as next generation lithography (NGL) technology. In order to develop resist materials, it is very
important to understand the interaction between quantum beam and materials. We has already reported a
sub-picosecond pulse radiolysis system was improved by introducing a TOPAS Prime automated optical
parametric amplifier (OPA). We succeeded in the observation of solvated electron in tetrahydrofuran and

dissociaative electron attachment in 1300 nm.
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Elucidation of Radiation Induced Reactions of Materials for Ultrafine Pattern Fabrication

Faculty/ Graduate School of Engineering, Hokkaido University?
Dept. of Beam Materials Science, The Institute of Scientific and Industrial Research, Osaka Universityb

Kazumasa Okamoto?, Takuya Ishida?, Tosglihiko Susa?, Naoya Nolrjnuraa, Kikuo Umegaki?,

Hiroki Yamamoto®,

and Takahiro Kozawa

Chemically amplified resists have been widely used in the mass production line. The acid generation mechanism

induced by ionizing radiation such as extreme ultraviolet (EUV) and electron beam is important for

improvement of the resist performance such as sensitivity, roughness, and resolution below 11 nm. However, the

details of deprotonation kinetics from the ionized resist solid film immediately after the ionization have been still

unclear. In this study, pulse radiolysis of highly concentrated the poly(4-hydroxystylene)(PHS) solutions was

performed. The deprotonation reaction in solid state of PHS is assumed more than ps order.
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Figure 1  Relation between PHS concentration

and viscosity and rate constant of deprotonation in
PHS / cyclohexanone solutions.
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Figure 2 Kinetic traces in PHS/cyclohexanone
solutions (about 50 wt%) with and without
TPS-tf observed at 1150 nm obtained by pulse
radiolysis.
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Study on Sensitivity Improvement of the Soft X-ray Resist with Pulse Radiolysis

Research Institute for Science and Engineering, Waseda University2, Dept. of Nano Ultimate Fabrication?

Chucheng Wang?, Yuji Hosaka?, Masakazu Washio?™ TakafurB| KondohP, Akihiro OshimaP, Seiichi Tagawab
Yoichi Yoshida

ZEP520A is a main-chain scission-type electron beam (EB) resist, and is known for its good spatial resolution
and high sensitivity. In our previous work, the radiation-induced early reactions of ZEP520A were investigated
with pulse radiolysis in ISIR, and the direct ionization of ZEP520A in tetrahydrofuran was confirmed. Following
these results, early reactions in polystyrene and highly concentrated poly (a-allyloxymethyl methyl acrylate)
solution in methylethylketone were investigated with pulse radiolysis in the present study. The transient
absorption band of multimer phenyl radical cation was observed in the solution.
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Figure 1 Transient absorption spectra in 20 mM

ZEP520A solution in MEK
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Study on Radical ions of cycloparaphenylenes by Radiation Chemistry

Dept. of Molecular Excitation Chemistry?, Research Laboratory for Quantum Beam ScienceP,
Institute for Chemical Research, Kyoto University®

Mamoru Fujitsukad, Sachiko TojoP, Takahiro IwamotoC, Eiichi KayaharaC, Shigeru YamagoC, Tetsuro Majima?

Cycloparaphenylenes (CPPs) have attracted wide attention because of their interesting properties owing to
distorted and strained aromatic systems and radially oriented p-orbitals. For application of CPPs, information on
their charged states (radical cation and radical anion) is essential. Here, we measured absorption spectra of the
radical cations and the radical anions of CPPs with various ring sizes, over wide spectral region by means of
radiation chemical methods. The peak position of the near-IR bands for both the radical cation and the radical
anion shifted to lower energies with an increase in the ring size. This trend is contrary to what observed for
transitions between HOMO and LUMO of the neutral CPP. The observed spectra of the CPP radical ions were
reasonably assigned based on time-dependent density functional theory. These results indicate that the next
HOMO and the next LUMO levels are important in the electronic transitions of radical ions.
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Fig. 1. Molecular structures of [n]CPPs (n = 6, 8,
10, and 12).
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Fig. 2. Absorption spectra of [nN]CPPs (n =6 (a), 8
(b), 10 (c), and 12(d)) in BuCl glassy matrix after
y-ray irradiation. Numbers near absorption peaks
indicate peak positions in nm unit. Blue and red
bars indicate oscillator strengths obtained by
TDDFT at UB3LYP/6-31G(d) level assuming C;
and D2 Symmetries, respectively.
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Fig. 3. Absorption spectra of [n]JCPPs (n = 6 (a),
8 (b), 10 (c), and 12(d)) in MTHF glassy matrix
after yray irradiation. Numbers near absorption
peaks indicate peak positions in nm unit. Blue
and red bars indicate oscillator strengths
obtained by TDDFT at UB3LYP/6-31G(d) level
assuming C; and Dn2)¢ Symmetries, respectively.
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Fig. 4. MO levels of neutral [n]CPPs (n =6, 8,
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Configurational Changes of Heme Followed by Cytochrome ¢ Folding Reaction

Dept. of Molecular Excitation Chemistry,” Korea University,” Research Laboratory for Quantum Beam Science ©
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The configurational change of heme in the Cyt-c folding process induced by one-clectron reduction has
investigated using a combination of time-resolved resonance Raman spectroscopy and pulse radiolysis. The
results presented herein reveal that reduction of ferric Cyt-C and the ligation of Met80 occur simultaneously
within a timescale of approximately 2 ps, and that the ligand binding and exchange of heme depends on the
initial configuration of the heme. The rapid ligation of Met80 observed in this study may be attributed to the
intramolecular diffusion of Met80 into ferrous Cyt-C with a 5-coordinated high-spin configuration. Conversely,
the ligand exchange of a ferrous Cyt-C with a 6-coordinated low-spin configuration was significantly slower.

Although various time-resolved spectroscopic
techniques have been used to investigate the folding
dynamics of Cyt-C in the presence of a denaturant
such as guanidine hydrochloride (GdHCI), the
dynamics of the heme coordination states
accompanied with the electron transfer-triggered
folding reaction of Cyt-C are not yet clear. To our
knowledge, here, we present the first study on the
configurational changes of heme accompanied with
Cyt-c folding induced by one-electron reduction
using the time-resolved resonance Raman (TR?)
spectroscopy combined with pulse radiolysis.!

In native Cyt-c, the Fe ion of heme
coordinates axially with the His18 and Met80
residues of the Cyt-C protein. However, upon
addition of GdHCI, the bond between Met80 and
the Fe ion is disrupted, resulting in denaturation
of the protein. In denatured ferric Cyt-Cc, the
coordination site of met80 is either occupied by a
histidine (His33 or His26) to form a 6cLS
configuration. Moreover, ferrous Cyt-C is folded
in the presence of ~4 M GdHCI, whereas ferric
Cyt-C is denatured under same conditions.

The denatured ferric Cyt-C exhibited the
characteristic v4 (v(pyrrole half-ring)sys) mode at
1375 cm’!, corresponding to the porphyrin
breathing mode, and the vig (V(CoCn)asys) mode
at 1639 cm’. In addition, the vo (V(CpCp)sys)
mode, a spin-state marker band, was observed at
1565 and 1588 cm’, corresponding to
6-coordinated low-spin (6¢LS) and 5-coordinated
high-spin (5cHS) configurations, respectively.
These data indicate that the heme moiety has a
mixed configuration under denaturing conditions.

In comparison to the Raman spectrum of

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

unfolded ferric Cyt-c, ferrous Cyt-C exhibits
significantly down-shifted v4 and vo vibrational
modes at 1362 and 1621 cm™, respectively,
which is characteristic of the properly folded
ferrous Cyt-c. The v4 mode is considered an
indicator of the oxidation state of heme because
of its sensitivity to the electron density of heme.
Meanwhile, the vio mode is sensitive to structural
changes in a protein. Thus, the down-shifts in
both the v4 and viy modes, observed in the
spectrum of ferrous Cyt-c, can likely be
attributed to changes in both the oxidation states
and in the structures of ferric and ferrous Cyt-C in
the presence of ~4 M GdHCIL It is also
noteworthy that the vz (V(CoCn)sys) mode is more
pronounced in the spectrum of ferrous Cyt-C than
in that of ferric Cyt-C, suggesting that this mode
can also be used as an indicator of the folding
state of Cyt-C.

To investigate the configurational changes of
heme during the reduction-induced folding reaction
of ferric Cyt-c, we measured the TR? spectra after
pulse radiolysis of ferric Cyt-c in 3.5 M GdHCI.
Figure 1 shows the TR? spectra obtained after pulse
radiolysis of unfolded ferric Cyt-c in 3.5 M GdHCI.
The TR? spectrum of the unfolded ferric Cyt-C in 3.5
M GdHCI exhibits va, V3, V2, and vio modes at 1373,
1505, 1587, and 1639 cm’!, respectively. The
observation of the v, mode at ~1585 cm’!, which
consists of two peaks with centre frequencies of 1564
and 1587 cm’!, indicates that the 6¢LS state of heme
coexists with the S5cHS state under denaturing
conditions. The formation of the unfolded ferric
Cyt-c with 6¢LS configuration is mediated by His33
(or His26) and Hisl8, whereas formation of the
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Figure 1. Time-resolved resonance Raman spectra obtained
during pulse radiolysis of ferric Cyt-c in 3.5 M GdHCI. ([Cyt-c]
= 50 puM, Aexcitation = 416 nm)

unfolded ferric Cyt-c with 5cHS configuration is
coordinated by the His18 residue alone.

On the other hand, the TR? spectra measured
after pulse radiolysis of unfolded ferric Cyt-C in
3.5 M GdHCI also exhibited v4 and vz modes at
1362 and 1400 cm’!, respectively, even in the
early time-delay (e.g. at 500 ns). These v4 and v
vibrations are characteristic Raman modes of
ferrous Cyt-c, implying that the unfolded ferric
Cyt-c undergoes rapid reduction via an electron
transfer from the guanidine radical. The
time-dependent signal intensity of the v4 mode at
1362 cm?! could be well fitted by a
tetra-exponential function with relaxation times
of 1.4 ps, 5.4 ps, 296 ps, and >5 ms (constant).
The fast component of 1.4 ps may be due to the
reduction dynamics of ferric Cyt-C because the v,
mode is very sensitive to the oxidation state of
heme. Thus, one interpretation of this observation
is that the reduction of ferric Cyt-C occurs either
more rapidly than or simultaneously with the
ligation of Met80. Chen et al. found that the
reduction of oxidized Cyt-c and the ligation of
Met80 to the heme iron (Fe?") occur
simultaneously within a 5 ps timescale.? Several
other studies have reported that binding of
methionine residues (Met80 or Met65) to the
heme iron (Fe?"), followed by photodissociation
of the CO ligand, takes place within a timescale
of a few microseconds (~2 ps). Furthermore, the
new v; vibrational mode at 1490 c¢cm™ due to

presence of ferrous Cyt-c with the 6¢cLS heme
configuration was observed in the early delay
time (500 ns); however, the intensity of this
mode was weak. Therefore, we propose reduction
of ferric Cyt-C and the ligation of Met80 occur
simultaneously within ~2 ps. Meanwhile, the two
decay components of 5.4 and 296 ps probably
stem from conformational changes triggered by
the reduction of a denatured ferric Cyt-C and the
ligation of Met80. The slow dynamics of >5 ms
(constant) may be due to the rearrangement to the
native conformation.

During the folding of ferric Cyt-c, the ligand
exchange from His18-Fe**-His33 (or
His18-Fe’*-His26; 6¢LS) to Hisl8-Fe’*-Met80
(6¢LS) occurs via a 6-coordinate intermediate linked
to a water molecule as a distal ligand. Consequently
the dynamics of this reaction are very slow. The data
presented herein show that ferric Cyt-c, under
denaturing conditions, exists in both the 6¢LS and
5cHS forms. Oellerich et al suggested that, similar to
the formation of an unfolded ferric Cyt-c, the
formation of an unfolded ferrous Cyt-c with a 6¢cLS
heme might also be mediated by His-18 and His-33.
Given the folding dynamics of ferric Cyt-C, one
would predict that the ligand exchange from
His18-Fe?*-His33  (or  Hisl8-Fe?"-His26) to
His18-Fe?*-Met80 during the protein folding reaction
would be slow. Indeed, the v, mode at 1565 cm™! of
ferrous Cyt-Cc, corresponding to the 6c¢LS
configuration, was measured with a weak intensity
even in the late delay time of 5 ms, as shown in
Figure 1. In contrast, the v, mode of 1586 cm,
corresponding to the 5cHS configuration of ferrous
Cyt-c, was undetectable, suggesting a rapid ligand
binding process. This result indicates that the ligand
binding and exchange of heme depends on the initial
coordination state of the heme molecule even though
the reduction dynamics of ferric Cyt-C occur within a
timescale of a few microseconds. That is, the ligand
binding of ferrous Cyt-c with the ScHS
configuration, generated by pulse radiolysis, is
relatively fast, whereas ferrous Cyt-c with the 6¢cLS
configuration exhibits slow reaction dynamics. The
fast ligation of Met80 can likely be attributed to the
intramolecular diffusion of Met80 to a reduced
ferrous Cyt-c with a ScHS configuration.

In conclusion, the resulte presented herein show
that the ligand binding and exchange of heme
depends on the initial coordination state of the heme
molecule even though the reduction dynamics of
ferric Cyt-C occur within a timescale of a few
microseconds.
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Structural Study of Various Substituted Biphenyls and their Radical Anions Based on Time-resolved Resonance
Raman Spectroscopy Combined with Pulse Radiolysis

Dept. of Molecular Excitation Chemistry,” Korea University,” Research Laboratory for Quantum Beam Science ©

Jungkweon Choi,”

Dae Won Cho,® Sachiko Tojo,* Mamoru Fujitsuka,® Tetsuro Maj ima®*

The structures of various para-substituted biphenyls (Bp-X; X = -OH, -OCH3s, -CH3, -H, -CONHz, -COOH, and
-CN) and their radical anions (Bp-X*) were investigated by time-resolved resonance Raman spectroscopy
combined with pulse radiolysis. The inter-ring C1-C1’ stretching modes (ve) of Bp-X were observed at ~1285
cm'!, whereas the ve modes of Bp-X*" with an electron donating or withdrawing substituent were significantly
up-shifted. The difference (Af) between the vs frequencies of Bp-X and Bp-X* showed significant dependence
on the electron affinity of the substituent and exhibited a correlation with the Hammett substituent constants (op).

Biphenyl (Bp-H), which consists of two benzene
rings with weak electronic interactions, has been
experimentally and theoretically investigated to
understand its structure in gas, liquid, and solid
phases.

ENREF 1 ENREF 1 ENREF 1 ENREF
8 ENREF 9As a result, it is well known that in the
gas and liquid phases, Bp-H has a twisted structure
owing to steric hindrance between the ortho
hydrogen atoms, whereas in the solid state Bp-H has
a planar structure. In contrast to neutral Bp-H, its
radical ions (radical anion Bp-H* and radical cation
Bp-H*") tend to have a quinoidal character, resulting
in a planar structure even in the liquid phase.
However, there are a number of arguments for the
structure of Bp-H* and Bp-H*" in solution. In
addition, most studies have been focused on
halogen-substituted biphenyls, because of the
pollution concerns related to polychlorinated
biphenyls (PCB). Here, we present the comparative
investigation of the structures of Bp-X and Bp-X*
with electron donating or withdrawing substituents at
the para position using TR® spectroscopic
measurements combined with pulse radiolysis.!
Theoretical calculations for the structures of Bp-X
and Bp-X*- are also conducted and compared with the
experimental results.

Figures 1 shows the representative Raman spectra
of Bp-X and Bp-X* in DMF. The TR? spectra of
Bp-X*- were measured with a delay of 50 ns after the
electron pulse irradiation by pulse radiolysis in DMF.
The v¢ modes for Bp-H and Bp-H*", observed at 1286
and 1327 cm’!, respectively. Notably, the v modes
for Bp-Xs are observed at 1286~8 cm’!, which are
close to that of Bp-H. These results imply that the
structures of Bp-Xs are not affected by the

* T. Majima, 06-6879-8495, majima@sanken.osaka-u.ac.jp
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Figure 1. Representative TR3 spectra of Bp-X (top line)
and Bp-X* (bottom line) in DMF; Bp-H (a), Bp-OH (b),
and Bp-CN (c). TR? spectra of Bp-X*" were measured with
a delay of 50 ns after the radiation of electron pulse during
the pulse radiolysis of Bp-H, Bp-OH and Bp-CN in DMF.

substituents attached at the para position (Cs) of the
phenyl ring. Furthermore, the theoretically calculated
D and rcicr values for all Bp-Xs showed little
change. This result supports the hypothesis that the
twisted structure is attributable to the repulsion of the
ortho hydrogens, and not the electronic properties of
the para substituents.

On the other hand, the v¢ mode of Bp-X* is
markedly up-shifted. The up-shift of the vs mode



accompanied by the one-electron reduction has been
interpreted in terms of the structural change from
Bp-X to Bp-X* with a quinoidal character.
Interestingly, the largest difference (Af) between the
ve frequencies of Bp-X and Bp-X*" was observed for
Bp-H. Numerous experimental and theoretical results
indicate that Bp-H* has a shorter rci.cr’ than Bp-H,
and that it has a planar structure due to the quinoidal
character (Dgpp.re- = ~0°). However, the results
presented herein clearly show that the Af values for
other Bp-Xs are smaller than that of Bp-H. This may
be attributed to the weak quinoidal character of
Bp-X* compared to that of Bp-H*, owing to the
presence of electron donating or withdrawing
substituents. The smaller Af values, compared to
Bp-H*, indicate that Bp-X* may have a slightly
twisted structure. Furthermore, the difference (Af)
between the v¢ frequencies of Bp-X and Bp-X*
showed significant dependence on the electron
affinity of the substituent and exhibited a correlation
with the Hammett substituent constants (cp).

The opposite effect of electron donating and
withdrawing substituents on the Af values, shown in
Figure 2, can be interpreted by considering the
different distributions of the unpaired electron and
negative charge densities of the two benzene rings in
Bp-X*. To date, it is well known that the planarity of
Bp-H* is predominantly due to the m-electron
delocalization, which results in an increase in the
quinoidal character of the two benzene rings i.e., the
delocalizations of the unpaired electron and charge
densities of the two benzene rings in Bp-H* are
equal. However, the substitution of the
para-hydrogen atom with an electron donating or
withdrawing group should result in unequal negative
charge densities on the two benzene rings, even in
the ground state. In addition, Mdnig et al. suggested
that the radical cations of PCBs in DCE show a
twisted structure, wherein the unpaired electron and
the positive charge are localized mainly on one
benzene ring.?2 Taking into account the
op-dependence of the Af values of Bp-X, observed in
the present study, and the twisted structure of Bp-X*,
we conclude that, with or without a substituent, the
unpaired electron and negative charge in Bp-X*
substituted with an electron donating or withdrawing
group may be localized on one benzene ring. Indeed,
theoretical calculations show that in the case of
Bp-X*" with an electron donating group, the sum of
the spin and charge density for the unsubstituted
benzene ring is larger than those for the substituted
benzene ring. However, in the case of Bp-X* with an
electron withdrawing group, the sum of the spin and
charge density for the unsubstituted benzene ring is
smaller than that for the substituted benzene ring.
This result indicates that the unpaired electron and
negative charge density in Bp-X*" substituted with an

Af [ cm™?

Figure 2. Plots of the frequency difference (Af) against
Hammett o, constants for Bp-Xs. The frequency difference
(Af = pr-X* f Bp-X--).

electron donating group are located predominantly on
the unsubstituted benzene ring, whereas those in
Bp-X* substituted with an electron withdrawing
group are located predominantly on the substituted
benzene ring. Moreover, this result supports the
hypothesis that the position of the unpaired electron
and negative charge in Bp-X*" significantly depends
on the electron affinity of the substituent. These
experimental and theoretical results suggest that the
twisted structure of Bp-X*" is due to the localization
of the unpaired electron and negative charge on one
benzene ring and that the opposite effect caused by
electron donating and withdrawing groups on the Af
value stems from the unequal distribution of the spin
and charge densities between the two benzene rings
in Bp-X*~.

In conclusion, the structure of Bp-X* is
significantly affected by the electron affinity of the
substituent, while Bp-X has a twisted structure
regardless of the type of substituent. In addition, the
Af values clearly show a linear correlation with the o,
values for both electron donating and withdrawing
groups. From the theoretical and experimental
results, we show that Bp-X* substituted with an
electron donating and withdrawing group at the para
position has a slightly twisted structure, whereas
Bp-H* has a planar geometry. The twisted structure
of Bp-X* is due to the localization of the unpaired
electron and negative charge on one benzene ring.
Moreover, the unpaired electron and negative charge
in Bp-X* substituted with an electron donating group
are located on the unsubstituted benzene ring,
whereas those in Bp-X*" substituted with an electron
withdrawing group are located on the substituted
benzene ring.?
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Electronic states of solids probed by IR-THz spectroscopy using FEL light source from L-band linac at ISIR
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Infrared spectroscopy is an effective technique for direct observing electronic states of solids. A terahertz
free-electron-laser (THz-FEL) at the Institute of Scientific and Industrial Research (ISIR) in Osaka University is
one of the most intense light source in a far infrared region. It has also possibilities as a pump source because of
its huge peak power with the short pulse length. Meanwhile this also has a linear polarized character originating
in the undulating electrons through the wiggler. A circular polarized THz light can be reconstructed from 90
degree phase shifted linear polarized ones. These characteristic THz-FEL will be the key for developing new

experimental physics of solids in THz region.
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Study of fully automated analyzing system
for the study of low-dose radiation effects on cellular radiobiology
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Health risks from low-dose radiation has a concern for the potential risks from environmental and clinical
radiations, especially after the Fukushima nuclear disaster, even public people has a great interest about the risks
of low-dose radiation. Since experimental signal changes are extremely rare on DNA strand breaks and/or cell
survivals at low-dose region, in the current situation, experimental data in this region with statistical significance
are very difficult to obtain because of the need for large number of samples. We have been developed a fully
automated colony counter system by utilizing the nuclear track detection technologies in order to verify radiation
damage on cellular radiobiology such as the cell survival at low-dose region. As a sample to use in this research,
the colonies were prepared from the cell which irradiated gamma-rays.
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The evaluation of the characteristics of the neutron imaging detector

Institute of Laser Engineering &,

Yasunobu Arikawa@, Takahiro Nagai?, Hiroaki Inoue?, Masaru Utsugi@

The neutron imaging detector has been developed for shadowgraph image for large size infra-structures. The
detector consists with a neutron scintillation pixel array made by a fast response liquid scintillator filled in the
aluminum-hanicam plate, an optical relay lens and a time-gated image intensifier CCD camera. L-band linac was
used to generate pulsed x-rays to demonstrate the detectors. Electron beam was injected into a lead plate to
generate pulsed a high energy x-ray. The x-ray shadowgraph image of the 10-cm sized heavy iron construction
was clearly observed, and 10-ns fast gating was also demonstrated.
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Post-growth control of the response times of bulk ZnO single crystals by gamma-ray irradiation

Institute of Laser Engineering

Kohei Yamanoi™, Melvin Empizo, Ren Arita, Keisuke Iwano, Yuki Iwasa, Yasunobu Arikawa,
Nobuhiko Sarukura, Takayoshi Norimatsu

Hydrothermal-grown bulk ZnO single crystals are investigated before and after gamma-ray irradiation. The irradiation
does not alter the optical transparency in the visible region. The gamma-rays only induce modified near-band-edge (UV)
emission with blue-shifted peaks and shortened response times. The response times shorten by 140 to 440 ps from the
initial values before irradiation. We attribute these observations to the creation of shallow defects by gamma-ray
irradiation. Our results present a possible control of the response times with post-growth radiation treatment. Bulk ZnO
single crystals with improved response times as fast as 400 ps are useful for relevant scintillator-based applications.

Zinc oxide (ZnO) is a 11-VI semiconductor compound
which can be used in a variety of optoelectronic
applications. Due to its wide and direct band gap (3.3 eV
or ~ 380 nm) and large exciton binding energy (60 meV),
ZnO can sustain intense and efficient short wavelength
near-band-edge excitonic emission at room and even
higher temperatures. We have previously reported
excellent scintillation properties of hydrothermal-grown
ZnO.! The ZnO crystal has a fast response time of about
1.0 ns irrespective of the optical excitation source. ZnO
response times can be further improved by impurity
doping with the introduction of additional quenching
channels or by the possible use of nanostructures which
maximize the oscillator strength. Exploring other methods
to control response times, effects of radiation
environments are of particular interest. Exposure to high
energy and ionizing radiations results to altered structural,
optical, and electrical properties. Electron and proton
irradiations of bulk ZnO crystals have already been
investigated and provide not only insights on ZnO
applications but also information on defects — their
creation and manifestations.

In this regard, we present our results on the gamma-ray
irradiation of bulk ZnO single crystals. The ZnO samples
grown by the hydrothermal method are irradiated with 10
to 150 kGy radiation doses. The gamma radiation only
induces modified near-band-edge emission of the ZnO

* K. Yamanoi 06-6879-8730, yamanoi-k@ile.osaka-u.ac.jp
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crystals. We offer the creation of shallow defects on the
crystals as an explanation of our observations. These
results provide an alternative method to improve ZnO
response times for scintillator applications with
post-growth radiation treatment.

Bulk ZnO single crystals were sliced from a large boule
grown by the hydrothermal method. Samples with 10 x 10
x 0.5 mm® dimension and (0001) orientation were then
polished on both sides to have a mirror finish. The crystals
were irradiated with gamma-rays carrying 1.17 to 1.33
MeV energies from a %Co source. The %Co source was
calibrated with water and had a dose rate of 71.1 Gy/h at
1.0 m. Absorbed doses of 10, 50, 100, and 150 kGy were
applied on the ZnO crystals at room temperature and
ambient atmosphere. The optical properties of the bulk
Zn0O before and after irradiation were investigated using
optical transmission and photoluminescence (PL)
spectroscopies. All of the measurements before and after
irradiation were conducted at room temperature. The
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Fig. 1 Optical transmittance spectra of the bulk ZnO single crystals
before and after (a) 50 and (b) 100 kGy gamma-ray irradiation



characterizations of the irradiated samples were done
immediately after radiation treatment to prevent any
absorption relaxation and room-temperature annealing
effects.

The typical optical transmission spectra of the bulk ZnO
single crystals before and after gamma-ray irradiation are
shown in Fig. 1 (a) and (b). Similar to the sample color, no
noticeable change in transmission is observed after
irradiation. Both non-irradiated and irradiated crystals
have the same absorption edges (393 nm) and visible
region transparency (~ 100 %). Gamma-ray irradiation
does not affect the optical properties of the bulk ZnO
single crystals in the visible region.
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Fig. 2 Spectral and temporal profiles of the room temperature
near-band-edge emissions of the bulk ZnO single crystals before
and after (a and c) 50 kGy and (b and d) 100 kGy gamma-ray

irradiation. The arrows indicate the change after irradiation

The spectral and temporal profiles of the near-band-edge
emissions of each sample before and after irradiation are
depicted in Fig. 2. The UV emissions around 380 to 390
nm correspond to the near-band-edge emission of ZnO.
The characteristic emissions of the samples change after
irradiation. Electron and proton-irradiated ZnO crystals
also exhibit modified near-band-edge emissions. After
gamma-ray exposure, the emission peaks are blue-shifted
by 6 nm (177 eV), while the spectral linewidths about 17
nm (73 eV) are not significantly affected. Moreover, the
response times of the ZnO crystals before and after
irradiation are determined by double exponential fitting of
the decaying part of the temporal profiles. The fast
component is ascribed to free excitons, while the slow

component is ascribed to free and trapped -carriers.
Gamma-ray exposure has shortened both the fast and slow
components of the response times by 140 to 440 ps. The
shift in the emission peak is almost the same for different
radiation doses.

Bulk ZnO single crystals are expected to have excellent
optical band-to-band transitions. The room temperature
wide scan PL spectra of the samples (not shown here) do
not exhibit any defect-related emissions in the visible
wavelengths. Gamma-ray irradiation of the ZnO crystals
does not cause any detrimental effects such as decreased
optical transmittance or visible absorption bands as
compared to gamma-irradiated undoped and doped ZnO
thin films and ZnO-based scintillation glasses. Without
any observed inherent defects, the band-to-band transitions
are the only ones being altered by the gamma-ray
irradiation. We attribute the modified near-band-edge
emission to the radiation-induced shallow defects. Since
gamma-rays carry substantial energy, they can create
defects on the crystals. These shallow defects can serve as
carrier traps or nonradiative recombination centers leading
to shortened response times. An increased radiation dosage
creates more defects on the crystal. This explains why the
response times are shorter for ZnO crystals irradiated with
a higher dose. Moreover, the blue-shift of the emission
peaks can be ascribed to band-bending and screening
effects due to the built-in electric field created by the
trapped carriers.

We presented the improvement of the response times of
bulk ZnO single crystals by post-growth radiation
treatment. The crystals were irradiated by gamma-rays at
room temperature and ambient atmosphere. Gamma-ray
radiation only induced modified near-band-edge emission
with blue-shifted peaks and shortened response times.
After irradiation, the response times improved by around
140 to 440 ps. The altered optical properties were
attributed to the creation of shallow defects after
irradiation. Realizing scintillator-based applications, these
results nevertheless provide another way to improve ZnO
response times by post-growth radiation treatment rather
than the preparation with intentional doping or the use of
micro/nanostructured crystals.
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Development of dosimetry method of the radiations based on the yield of DNA lesions
Kikuo Shimizu?, Sachiko Tojo®, Youichirou Matuo®, Ryuto Nakashima®

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

Graduate School of Science and Engineering, Kinki University ¢

The biological dosemeter that measures biological responses to ionizing radiation is useful for radiation
protection. We are aiming at developing novel dosimetric system using DNAs based on radiation biology
and molecule biology. Quantitative PCR (Real-time PC) is used to amplify and quantify a radiation
irradiated DNA molecules. The DNA molecules irradiated with ionizing radiation suffer damages such as
strand brakes and oxidation of base, and this Real-time PCR method is based on the fact that such DNA
lesions caused by ionizing radiation block DNA synthesis by DNA polymerase, resulting in a decrease in
the amplification of a damaged DNA template compared with that of non-damaged DNA templates. In this
study, the protocol of PCR was refined in order to improve the sensitivity and reproducibility.

In order to know which damage was effective for block of DNA polymerase reaction, we also examined
the amount of 7, 8-dihydro-8-oxoguanine (8-0xoG) which were produced by v ray and carbon ion particle.
The amounts of 8-oxoG produced by v ray and carbon ion particle was about the same. This means that
blocking effect on PCR of high LET radiation such as carbon ion particles results from DNA strand breaks,
not base damages such as 8-0xoG.
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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?,

Organic polymeric materials are used for the insulation material in the nuclear reactor. They are the most
sensitive to radiation among the constituent materials of the nuclear reactor, and it is necessary to improve the
radiation resistance. The insulation material is fabricated by impregnating the resin into the layers of polyimide
films and glass cloths. Cyanate ester resin is to be used for the matrix because of its high radiation resistance. In
this study, the composites fabricated with cyanate ester were degraded by gamma-ray irradiation, and
interlaminar shear test was performed at the liquid nitrogen temperature. Based on the results, the fracture

mechanism of the composite material was discussed.

[ BREZ Rl & EBRE (ITER) O R A ¥ Vi
(TR 2L T, A E S T2~ Ny 7 RELTH
I BIDMEDIND, AR S o7 ABH B Bk
e R, BERG ROG B R O FUR BRI L H 1k
T5. 20D, TF aAVICRFID 1X10%
n/m?(0.1 MeV L I) @ @d e i 25 D
MEIOBAR DM E T 5.

TF AN DM NI T A B RAERIAINT ¢
NAEFREL, REEZ &S MBI CERSEE
M EFCHDA, — R E B A WrREE (1ILSS)
DMENEWO RIE R H 5. ITER DG4, 45MPa d
H AW T 2 H720F ORERLETHS. T
I, MBS BRIEDS @ ESd s T R—
(Cyanate ester; CE) fifig&~ht w7 AZHWHZ L
DRRFISI TR D, ARBFZETIX, £ ORI
LT HZEE BRIE LT, AR TITRD 2
DOBLRNOIRFT AT
(1) Akap PR R OB AE TR EE |3 D BRI 20 2R
(ii ) MHD 5a72% CE DOVERELLE

MERRA B O AW, — MR T D R
M CRIAZENZ . ZHETHIE—
RO S TS Tnsg 223, #it

[N &

HIATT A

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

R —RVAIRT L LS OFREICEAL TiRlZE A
ERBIMTOR TR, ABFZETIXZ 081
ERLTCEREZIToT-. ~ w7 ARIEL LT, CE
BIfRZ =R B E R 4:6 TIRAL THW-.
S-HIAIOAERIAINT )V LA HIZFEEL T
KA BHAAERIL, ] 1 (R BBV DI R & AR
A OFGIRITIN LT, CoMMFIZEY v #rE K 10
MGy FTHHL. IAEERF TRAID ST ANS
JEAGE M A AR T DI EICLY, JE A B
(ILSS) DREHAT 7=, Fi=, Wi o B E
BTV, BB RUICEL TOBLEE{T-7-.

S

| mwes
L/ RUTEA
b

ISIL %

1 ABRF TR CR T B 22 O

IR EB

FEROFE R, K2R Iy BBFIZX
ILSSDO A B AITHERE N2 oTz. &5 J&Lﬁ
MBERET TR, WM OWINREIZB O T



BI3D LDNHIHE — ARVAINT 4 /L LS DR LR
VAIRT ¢V 2% Bl T HIEEDNRIEL TR.LNTZTE
%, HHE —RVAINT 4V A O R H LD F BT
INSWBETI A LD, T2, MG B O SR 13
LC65 MPaz iz T\ 578, ITERDHEZI EHEL
THARBREEZA L TSI EN RSN,

100.0

goo0 | 679 69.2 65.8
— ae
& 60.0 [ I I
.E.
4 a0 |

200 |

0_0 1 1

OMGy 5MGy 10MGy

Absorbed Dose

X2 W UHR T DILSS

5 MGy 10 MGy

43 WU

Ny LS TR TR

Wiz, MR B ROMEIZE B L, FEOR252
FEDCE (A, BET %) Xt RELT, ZOMFZIR
Z U To. AREBRTHRTR D IR E FERIC R
TRHIREE R4 6 TIRAL THWTWDAS, /ERIL
Te e T NATRVAIR T 4V DG A TR, FRES
IR OFHME, MU HIEOEIR X3R4
N T R A WTIR R BRI L0 T o 7. EBRAS Ra
AR, ZDfEE, CE-Al y BIRHIZLVILSS
WOT DN EHT DM RS, CE-BIXRK%
HRERZEN RSN o7, Wb RE %L 50
FEMME T L7 o 7=#E &L C, CEDBE{LRFIZ AL

SNAHN T VU BRDMIE TR ER T, FAHRICE
DRBEZITFIZWD D EE X BTN, B REHNE
HIE LD ENZE D CED H T AR E (Tg) %
ELTZEZA, BB RT IO, EHTEDH T DCE
TTYAECITIE T I DA A RS . 2

FRIHZ Lo T O BB R X, ZUGHE ENMET
LCWAZEEERL TS, iR, ZBEHE O T
IZHD0 05T, ILSSHZELLR, HDOWNIHE T D
BIMBN RONDZETD. ZOMREICOWTE, i
TBERIET NV EE 2 TNDN, SB75FEM7Z G
PULETHD.

AL, EOIEBITEME AR T COMBEZL
{bZtgG 5720, #lAG WIS T TOMEI
DVWTHIRET 2T E THD,

a0 - BCEA ECEBR

oMGy SMGy 10MGy
Absorbed Dose
4 W R 381 HILSS
200
==CE A
5'__’, 180
22170
160
150
oMGy SMGy 10MGy
Absorbed Dose
X5 FEDH T AR E DAL
References

1) P. E. Fabian et al.,
pp. 795-799, 2002.
2) M. Hayashi et al., 26th ISS, p214, 2013.

Fus. Eng. Des. Vol. 61-62,



2014374

= BRI L IRENIC K D F R E AR & F RS

SKHIEH 2 - I E

WPNTONE NS TR MR 2 i e N

(FmEBEW)
F$®ﬂﬁﬂwxv—$—&ﬁk#ﬁ%%%
AW R AT ORIV MV/em
BOEBET 7 ~VY(TH) DB SIS D
NaXHCmotz, ZOBGEBEIIHE DD
W EYs (X MV/em) (ZUGHEE L, #r L WEF
®%l%t%wmfﬂa% 2 e RN R
DEAIATONTWS, — 57T THz 7SV A
iﬁ@tﬂwx_mmfﬁﬁ@¥ﬂ%ﬁﬁﬁ
BRELEWZ 0D, BTRERICEL-T
hR L HBRMIZIESND, ZHICk»T
A LTfRmNO 7 1y FRECKEEY ©
EBREHERENRE I LTV,
*ﬁf THz AR EA I IXFEARDO Y 7 M
o EIREN 72 &5 %%4ﬁ/ T 5
%ﬁ@%t#ﬁf?éo;h%%k%@?%
92 2 & TIFBRY T fRBESC RS AR oD 4y i i

@@&@T ﬁﬂ%é L LEFICHRT
A F RSy HEMKRZWED, EHILE
T OO R Yy T);Erllmmz\%(‘:f;éo

KRR FEER O SEHT O &1 B — Affiak C
X, L —Y—_—2® THz SV AR LD §
SHICHBEDOESNEOLNLIE RO HB
B —Y—FELSLVAZHLTWND,
FEL Y% %5 L2 oKk KES IR T EAHE
7200 F € 10MV/em I2ET 5, 7 a
JVAD R AL 10ps FRE T, ZHIXE T
o TEHEBEBFHAHELEL Y b RWVKE
ﬁf%éﬂ\%¥ﬁﬁﬂﬁﬁbﬁ%£k%%
o TREEHEIY ., LR ->T FEL
WA X 28 IREE DB L Wil Nk 7 00k 4k
IEVEIREE — N2 EHEERE 9 2 5 LW E il
PR TEDLOTIE RV EE ZT-,

- AR C - IESELT - BEILIER ®

NP a2y

ZZTCAMETITOEREGEERS WY A R
Xy v EERICBWTEMBE FEL XL 2A
Z R L7 B oIGE & x| £ 72 (2)THz fEi%
DOIRENE— FRFEE STV D HEEICHFTE
WEEKY . mRE THz SV AZBH LT
BRDIRE & g~

(W55 15)
%%ik%k??%ﬂ%ﬁ%%@%%@~
B2 e sk 2 BT 5 L--3> KO INE
ﬁ%wv~x&ﬂ,tFEL%ﬁ%\tomjﬂ,t
7 a7V AO#Y R LR S BHz, L R
TR KRH DB HIFTE 5 80um (4THz) I2&
b, v 7 a0 ZAOE LR KT 20m) T
HbH, ~7 sV AL 2TMHz @ 108 ¥ =3 v
FOI 7/ VAN LERINLTEY, 27
2L A DV AR L FEL JEIE & R L 7=
B SV A OFEEE TS 10ps & R
HHN D, EBRTIX f12.5mm o HEE G m
AT —az28h LTl (FiR, K
R L) IR Lz, £ L THREROREA
N7 MARIE R LS TR L 7R DR
SR 72 8B AT o T

(FERBIUOBE)

EFTH LWETRIEICET 2 EIEERORE
ELTEXITIVA RXy v 7 PREKRTH D
ZnO XL v b, 4H-SiC Hf5 . 6H-SiC Hijk
EICHER L, 26 IcEME FEL Stz B
LB DINEZT T, T ORER, WA Iz
RN 2 B E IS IR S B AN
LENNZER (BFELMH) b LoFok
DRz, L LEEERAEERTHD
Zn0O TiE A2 R s (3eV £ IZEE 3R K IE
WCHSRET D REN A b, THIEEEES



W2 ko> TH U7 Zennor #EIZ L » CTliE
HOEFMeEHFITESNT-Z L E2REL T
W5,

‘.‘.' »,'! | ’

LS
1Zn0 Ly MRS 2B pHE -
72 B DR

— B NTA RS SRS L2 BR OIS E B A
7o M 2127 7 F— 2D KIC FEL St % BE L
TR ORGSO E R A2~ 7, 2 k81X THz &
WHAR ORBNORIEN 2 X TEY, 4THz O
FEL i35 BN s LT\ %, FEL Y%
AT 2 & & 2R E TR AR ANIX T D
Iolcz7a ANt 5, S EIEETA
fitim ORI RICIEAE T 2 #EE TH D . KIRIE
THFHREIABRE SN D & 2% IR
WELD, TR FRBEEZSI SR T EER
bhd, ElmBECHiET 5L, MikmERm
NHOETHHIZE D ELRDOFENL C2 T Vv
ICERT DN A o5 (K3), Zok
BDRA = A LORHIFIAALRENZLHDH L
OO, Z OhERE TILE b THz-FEL Y &
STRELLBE ENZEBZ 2615,

25 md (Z£)B L 10 md/ macropulse (F)
D 4THz O FEL Y% 7 7 b— 2 RIS L
T-BR DR

26000 24000 22000 20000 18000
16020 ' .

2700 wx
\ \ THum ax
2000 | \" 128THz & &)

2200
X1 -
8000 + ) Wy

Inanciy

4\(-‘

7000 + i
b Pt

Wavelength (rm)

X3 v a BEHE AL R M O U 7 TR e
B EFHART R, Co T U HINVIZHSEK
TAHRENA OGNS,

WE7ERR GGRsC -
X el
FRFER

+ M. Nagai, E. Matsubara, M. Ashida, K. Kawase, A.
Irizawa, R. Kato and G. Isoyama, “Ablation Of

g« ABEE - T

Organic Crystals Using Picosecond THz Free
Electron Laser Pulses,” The 39th International
Conference on Infrared, Millimeter and Terahertz
Waves (IRMMW-THz 2014) T4/E-16 (Tucson,
Arizona, 2015 49 H)

< KFEIEAM, RaJide—, AHEH, AARIEAR,
JIBEE, AR, NEEsesr, sILERT, <&
MEY 2R THz BHE L —F—Ic X 2 FH
MRS DT 7L —a ) HAYHEYS
70 [AIFFEIR K 4> 22pCN-6 (A RS- 2015 4F 3
H 22 H)

Frif L

o=

- AR 5 1 ISR E
H 23 H)

(2014 4E 5



r=qi}
S

RE% = - 2014355

NAZF ) T VERIA UZBRMRIESY I ED
HEENEVRA Y FFUNY —

[ A< —d @ -

ST fER] P

BB~ U T T ERIRY:, PRI RE R A e AT

HaEAM)

RAEMEHL G K+ NF-xB 1328 0E St O %
& % > TV D EREIN T, RIAEXISIC
LT, vyZuatrxv s —8 (COX2) %
B ORIEFHEBZFOWRE ZRE L,
B LTI H N BRRIESLA N VARG %
R L. Ao RIERSZIET D, AT
7oA RIEIE, RIEORIT & B2 D NF-xB %
Mz 52 L2k, Z2OMIeHRIEFER%
FKELTWD, LnL, AT A RETFRKR
WCRIEFNL AN D & Z AT, h s aa
NFaAf RRVECEREZREST LS, 2R
2T7uaA FEOREMERTH D,

HEEE N AWE LI LW A T OEN
SHRKaT 7T 4 X—=%— (MTI-Il) I,
NF-xB [ZEH/EH L CERGIEMEZHH L (=
V7V oy =L LTHE) A7 A Nl L [F
BRICB DB REENZ T [FFE
4874798 = (JPN) . N0.7,932,226 (US)], MTI-II
HERICIERVEAEANR DT, ATaA
RIED X9 2BERAN 2, 772205 MTI-II
ERAT X, AT v A FEERERIZHE T
BER O WHIRIEAI L 720 5 5, Lol
D5, MTI-IE 5y 11.5kDa O/ & 72 & v
NRIET, TOFETITMIANICERYAER
A

Z 2T MTI-I 2 BEBIZ 72T O, Ml
WD IAFEREDIEHRA L FT U NRY =R

ToazrFEMETEAZ RERZ DR LT,
MR NF-xB OB 2MMx 5 Z & Hn]
BETH D, AEFEBFEOBMIX, (1) A%
T T E AT LR R R MTI-N
AN IAEE, (2) 2Tk 2T
1A REIZRD D EMER O 5R ) e FLRIE
FlaERET 52 TH D,

ZHETOWHZE T, MTI-I D HLRIEER O
TERHLERDT I VEREE (407 2 /8
FREL VMR S DI OBET I/ BHE
) ZRELE, ZhiE, (EFRAKRTEDLERE
ETHDHN, A AT HTEIVITEDY IAK
GLTDH1D (oMb FER LS TH72D)
Wi, SHIELSTOHRNERND D, £TZTK
EREIX, SURIEER L L7257 2 BREK
ERRDIAAT,

(W92 5 1%)

(1) PREEMET X/ BEkE S 512/

T F R (3054 3FESH, 205K % 5
FiE, 1078554 5 FlJH) (2&I L., MmN T
WHTHR 2 — (G 13F) 2L L (K
1),
(2) W2, Z BT F K% HelLa fiflaT
L X, NF-xB O#ZEIG M x4 5 HES
BO(PIRIEDR) 2Ly 725 —B T vkA
& COX2 DFFEHM THWEL T,



(fE P L OEL)
13 FEIH DO TF R (30A-1~10A-5) DOHIKIE

TEfZ invitro DLy 7 =5 —8 T v A THIE
L7223, NFxB OEREIEMEZHET 2 6 DIk
20A-4 £ 10A-3 7217 CThH -7z (K1),

WIZZH b 2 FHH (20A-4 & 10A-3) DT T
ROPFRIEERZ VY 7 = T —F LS OWNRPE
BARF OB THER T 5 HAI T, NFkB 2LV
HEXNDH COX2 LFEINR2NT Y EBALT L
Tk N3V UmBKERESE (GAPDH) @ TNFo
% ORRRFRZE L 2 fighT L7 (K 2),

ZDOFER, 20A-4 & 10A-3 IX NF«B 2k 5
COX2 O#FE AT 553, GAPDH &I|Z LA
LW Z Lo T, T72>5H 20A-4 & 10A-3
1% NF-xB DERBIEMEABLE T 2 2 &5, NIAME
BETFTHLHRTE T,

ZHUZ XY MTI-I OFRIEERF LA B &
107 X/ WRFREE ORI £ TRV AT Z & A
Hisk 7z (BEF T, 2T ABFAR LS <,
INONAFF ) T BNV ARG RS D
MPIENTF R Th D, 5. b MTI T
F REMBIANTENA TF ) T '/IVEIET IV
a— VHEREIIFE T LB (F0 b IFREZE
BT T 5ET LvE) &5 LT, A7
A R3E L [RIRR SR ) R I REAE ] 2 BT 5
Z & LRIER A2 & % in vivo THEET 5,

FZERR GRSC - PRk - FET - S HS)

FRFRE

- PR, RILFIRT, ERERITT. AEOGE,
BINESAR, RiaE M, EERRE, R
55 87 [1] A A4k R4 2014 47 10 A

R

- FFIfE 2014-257827, HREH PRk 26 4512 A 19
H, &% X7F K, RUXTVLAF K, X7
X —. B, NFB FLEH]. & O NFkB
TUEMEZE B OTREA, FPIE A —iE

40A . = >
30A-1: -— — — — — — — -
30A-2 : - — — — — — — -
30A-3 : - — — -
20A-1 :
20A-2 :
20A-3 :
20A-4 - -
20A-5 :
10A-1 :
10A-2 :
10A-3 :
10A-4 :
10A-5 : - —

1. MTI-Il DIREERZEFO7I/ERFEE (40
TI/EERE . 40A) EEDRTFRDAIEREZ.

HelLa #fif8(Z 30A-1~10A-5 DHIWARHL2—% S5
A7kl TNFafim#& D NF-«B IZKYEESN
BT ITIS5—EFEFRELz. RTFK 40A &
20A-4, 10A-3(EH) IZIF N TI5—ETvEA
THREERNZDONEN. ZFOMDRTFR
(B8R IZIXEBHoNEhoT-.

(A)CcOX2  hrafter TNFa (B) GAPDH  hr after TNFa
0 2 4 & 8 10 0O 2 4 & 8 10
NC - —
20A-4
NC PR ——
10A-3
300 (C) COX2 /| 20A-4
250
€200 foer g
E
2150
= B @ NC
e = 40 Q.208-4
Q.20A-4
50 20
. 0

5 10 5 10
hr after TNFa hr after TNFa

(F) GAPDH / 10A-3

(E) COX2 / 10A-3

<200 m o0 .w
LU e i g o © S o
o o 60 . (e}
2 - =
100 8 (N[ 40 Q.10A-3
&0 10A-3 2
0 0

5 10 5 10
hr after TNFa hr after TNFe

2. MTI RTFK(20A-4 & 10A-3) ZHRIREE -
HelLa #ifa T COX2 NEEDREHMETIL.

A, B:Hela #iB8(Z Mock vector (NC). 20A-4,
10A-3 ORIFAYZ—ErS5 XTI, TNFaik
fin 0~10 BEfEI#& M COX2 & GAPDH OZEkEHT
24 JOvkTCHRIELT=. C, D, E, F:&/1\VRDY
JFHILBEZFAEL.0 BEOSITFILERESE
100%&L T, RRLT-.




Cytochrome bse, D1EE EHERE
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Structure and Mechanism of Transmembrane Cytochrome bsg;

The Institute of Scientific and Industrial Research, Osaka University?, Department of Chemistry Graduate
School of Science, Kobe University”

Kazuo Kobayashi®, Takahiro Kozawa?, and Motonari Tsubaki®

The ascorbate(AsH")-dependent oxidoreductase cytochrome bsg;, a family of highly conserved transmembrane
enzymes, plays an important role in the electron transfer from cytosolic AsH™ to intravesicular
monodehydroascorbate radical (MDA). Radiolytically generated MDA oxidized rapidly the reduced form of
cytochrome bsg; to yield the oxidized form. Subsequently the oxidized form of cytochrome bsg; was re-reduced
by AsH" in the medium. Recently, crystal structure of cytochrome bsg; from Arabidopsis thaliana was reported.
Here, the structural data and the effects of mutations allow the proposition of a general electron transfer
mechanism for members of the cytochrome bsg; family.

Cytochrome bss i3V VEIBHEE 7 v~ 7 4 /) HZEERWHLMILEY,
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*K. Kobayashi, 06-6879-8502, kobayasiosaka-u.ac.jp, **M. Tsubaki, 078-803-6582 mtsubaki@kobe-u.ac.jp
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International Conference on Nuclear Tracks in
Solids, September 2014
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in PADC films exposed to proton and heavy ions,
Tamon Kusumoto, Yutaka Mori, Masato Kanasaki,
Keiji Oda, Satoshi Kodaira, Remi Barillon,
Tomoya Yamauchi, 26" International Conference
on Nuclear Tracks in Solids, September 2014
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Study of the material modification and the invention of new functional materials using an accelerator

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

Kenji Adachid, Kazuyuki Sato?, Takafumi Kondoh®™, Yoichi Yoshidad™*

In this study, by using an electron beam from a low energy electron accelerator, high dose radiation was
irradiated to the various polymeric materials (mainly fluorine-based polymer), and modified by cross-linking
(high strength / functions). Also establishes a novel ultra-fine processing technology using an electron beam
nanoimprinting. Samples after irradiation, the evaluation of physical properties in the laboratory.
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Fig.1 Functionalization of various polymer materials

by irradiating of low energy electron beam
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Fig.2 Relocated low energy electron accelerator (250 kV) made by Iwasaki
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Prof. Oh-Hoon Kwon, UNIST, “Principle and Demonstration of Ultrafast Electron Microscopy”

Dr. Jungkweon Choi, Guest Researcher, Nanotechnology Center, SANKEN, (Research fellow,
Institute for Basic Science (IBS), KAIST), “Pulse Radiolysis of Biomolecules”

Dr. In Hyung Baek, KAERI, “Ultrafast Laser for RF Photogun, Laser—-based THz Generation &
Applications”

Dr. Moonsik Chae, KAERI, “RF Photogun Training & Beam Optimization”

Ms. Sunjeong Park, KAERI, “Deflecting Cavity to Measure Femtosecond Bunch Length”

Mr. Key Young Oang, KAIST, “Femtosecond Electron Diffraction Using Near-relativistic
Electrons”
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18:30-20:30

Tetsuro Majima, Opening address

Yoshihide Honda, "Introduction of Research Laboratory of Quantum Beam Science,
SANKEN"

Invited talk: Byungnam Kim, Senior Researcher, Korea Atomic Energy Research
Institute. "Radiation induced synthesis of polymer nano gel under several kinds of
irradiation conditions"

M. Fuyjitsuka and T. Majima, "Radiation Chemistry of Nanomaterials"

K. Kobayashi, "Pulse Radiolysis in Biological System"

K. Kawase, "Introduction of the L-band linac for pulse radiolysis" experiments

T. Kondoh, "Development of the femtosecond pulse radiolysis system for radiation
chemistry"

Open discussion



20:30 Tetsuro Majima, Closing remarks
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2015 Japan-Korea Bilateral Symposium on Quantum Beam Science

2015 2nd Workshop of Collaboration Laboratory between SANKEN, Osaka University—the
Advanced Radiation Technology Institute, Korea Atomic Energy Research Institute

February 25, Wednesday, 2015, 0900-2030

Seminar room, Research Laboratory for Quantum Beam Science, SANKEN

Chairperson: Tetsuro Majima

900-930 Dr. Tetsuro Majima, Professor, SANKEN, “Opening address including introduction of
SANKEN and KAERI members*

930-1000 Dr. Yoshihide Honda, Associate Professor, SANKEN, "Introduction of Research
Laboratory of Quantum Beam Science, SANKEN"

1000-1045 Dr. Yujong Kim, Principal Researcher, Radiation Equipment Research Division, KAERI,
"Development of S-band and X-band RF Electron Linacs for Medical and Industrial
Applications"

Chairperson: Yoshihide Honda,

1045-1115  Dr. Goro Isoyama, Professor, SANKEN, "Electron linear accelerators for higher
performance and stability"

1115-1145 Dr. Kyuha Jang, Senior Researcher, WCI center for Quantum-Beam-based Radiation
Research, KAERI, "Development of KAERI UED & Ultrafast Accelerators"

1145-1300 Luncheon meeting

Chairperson: Goro Isoyama
1300-1330 Dr. Yoichi Yoshida, Professor, SANKEN, "Femtosecond/attosecond pulse radiolysis"

1330-1350 Dr. In Hyung Baek, Research Fellow, WCI center for Quantum-Beam-based Radiation
Research, KAERI, "Ultrafast Laser for RF Photogun, Laser-based THz Generation &
Applications"

1350-1420 Dr. Jinfuen Yang, Associate Professor, SANKEN, "RF gun based ultrafast electron
microscopy and diffraction"

1420-1440 Dr. Moonsik Chae, Postdoctoral Researcher, WCI center for Quantum-Beam-based
Radiation Research, KAERI, "RF Photogun Training & Beam Optimization"

1440-1455 Break

Chairperson: Yoichi Yoshida

1455-1525 Dr. Keigo Kawase, Assistant Professor, SANKEN, "Introduction of the L-band linac for
pulse radiolysis experiments

1525-1540 Ms. Sunjeong Park, Research Assistant, WCI center for Quantum-Beam-based



1540-1610

1610-1625

Radiation Research, KAERI, "Deflecting Cavity to Measure Femtosecond Bunch
Length"

Dr. Mamoru Fujitsuka, Associate Professor, SANKEN, "Radiation Chemistry of
Nanomaterials"

Mr. Key Young Oang, Ph.D. candidate, Center for Time-Resolved Diffraction, Graduate
School of Nanoscience & Technology (WCU), KAIST, “Femtosecond Electron Diffraction

Using Near-relativistic Electrons”

1625-1640 Break

Chairperson: Mamoru Fujitsuka

1640-1710

1710-1740

1740-1810

1810-2130
2130 Prof.

Dr. Yusa Muroya, Associate Professor, SANKEN, "Radiation chemistry study on high
temperature/ pressure and supercritical solutions"

Dr. Oh-Hoon Kwon, Assistant Professor, Department of Chemistry, School of Natural
Science, UNIST, “Principle and Demonstration of Ultrafast Electron Microscopy”

Dr. Jungkweon Choi, Guest Researcher, Nanotechnology Center, SANKEN, (Research
fellow, Institute for Basic Science (IBS), KAIST), “Pulse Radiolysis of Biomolecules”
Open discussion

Tetsuro Majima, Closing remarks

Contact person: Tetsuro Majima, majima@sanken.osaka-u.ac.jp
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2015 Japan-Korea Bilateral Symposium on Quantum Beam Science

2015 2nd Workshop of Collaboration Laboratory between SANKEN, Osaka University—the

Advanced Radiation Technology Institute, Korea Atomic Energy Research Institute

February 25, Wednesday, 2015, 0900-2030

Seminar room, Research Laboratory for Quantum Beam Science, SANKEN

Chairperson: Tetsuro Majima

900-930

930-1000

1000-1045

Dr. Tetsuro Majima, Professor, SANKEN, “Opening address including introduction of
SANKEN and KAERI members®

Dr. Yoshihide Honda, Associate Professor, SANKEN, "Introduction of Research
Laboratory of Quantum Beam Science, SANKEN"

Dr. Yujong Kim, Principal Researcher, Radiation Equipment Research Division,
KAERI, "Development of S-band and X-band RF Electron Linacs for Medical and

Industrial Applications"

Chairperson: Yoshihide Honda,

1045-1115

Dr. Goro Isoyama, Professor, SANKEN, "Electron linear accelerators for higher



performance

1115-1145
1145-1300
Chairperson:
1300-1330
1330-1350
1350-1420
1420-1440
1440-1455
Chairperson:

1455-1525

1525-1540

1540-1610

1610-1625

1625-1640

Chairperson:

1640-1710

1710-1740

1740-1810

1810-2130
2130

and stability"

Dr. Kyuha Jang, Senior Researcher, WCI center for Quantum-Beam-based Radiation
Research, KAERI, "Development of KAERI UED & Ultrafast Accelerators"

Luncheon meeting

Goro Isoyama

Dr. Yoichi Yoshida, Professor, SANKEN, "Femtosecond/attosecond pulse radiolysis"

Dr. In Hyung Baek, Research Fellow, WCI center for Quantum-Beam-based Radiation
Research, KAERI, "Ultrafast Laser for RF Photogun, Laser-based THz Generation &
Applications"

Dr. Jinfuen Yang, Associate Professor, SANKEN, "RF gun based ultrafast electron
microscopy and diffraction"

Dr. Moonsik Chae, Postdoctoral Researcher, WCI center for Quantum-Beam-based
Radiation Research, KAERI, "RF Photogun Training & Beam Optimization"

Break

Yoichi Yoshida

Dr. Keigo Kawase, Assistant Professor, SANKEN, "Introduction of the L-band linac for
pulse radiolysis experiments

Ms. Sunjeong Park, Research Assistant, WCI center for Quantum-Beam-based
Radiation Research, KAERI, "Deflecting Cavity to Measure Femtosecond Bunch
Length"

Dr. Mamoru Fujitsuka, Associate Professor, SANKEN, "Radiation Chemistry of
Nanomaterials"

Mr. Key Young Oang, Ph.D. candidate, Center for Time-Resolved Diffraction, Graduate
School of Nanoscience & Technology (WCU), KAIST, “Femtosecond Electron Diffraction
Using Near-relativistic Electrons”

Break

Mamoru Fujitsuka

Dr. Yusa Muroya, Associate Professor, SANKEN, "Radiation chemistry study on high
temperature/ pressure and supercritical solutions"

Dr. Oh-Hoon Kwon, Assistant Professor, Department of Chemistry, School of Natural
Science, UNIST, “Principle and Demonstration of Ultrafast Electron Microscopy”

Dr. Jungkweon Choi, Guest Researcher, Nanotechnology Center, SANKEN, (Research
fellow, Institute for Basic Science (IBS), KAIST), “Pulse Radiolysis of Biomolecules”
Open discussion

Prof. Tetsuro Majima, Closing remarks

Contact person: Tetsuro Majima, majima@sanken.osaka-u.ac.jp
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1. Twin-peaks absorption spectra of excess electron in ionic liquids, R. M. Musat, T. Kondoh, Y.
Yoshida, Kenji Takahashi: Radiat. Phys. Chem. 100, 32-37 (2014).

2. Measurement of < 20 fs bunch length using coherent transition radiation, I. Nozawa, K. Kan, J. Yang,
A. Ogata, T. Kondoh, M. Gohdo, K. Norizawa, H. Kobayashi, H. Shibata, S. Gonda, and Y. Yoshida,
Phys. Rev. ST Accel. Beams 17, 072803 (9 pages) (2014).

3.  Effects of deprotonation efficiency of protected units on line edge roughness and stochastic defect
generation in chemically amplified resist processes for 11 nm node of extreme ultraviolet
lithography
Takahiro Kozawa, Julius J. Santillan, and Toshiro Itani
Jpn. J. Appl. Phys. 53 (2014) 116504

4. Application of natural linear polysaccharide to green resist polymers for electron beam and
extreme-ultraviolet lithography
Satoshi Takei, Akihiro Oshima, Tomoko Oyama, Kenta Ito, Miki Kashiwakura, Takahiro Kozawa,
Seiichi Tagawa, and Makoto Hanabata
Jpn. J. Appl. Phys. 53 (2014) 116505

5. Feasibility study of sub-10-nm half-pitch fabrication by chemically amplified resist processes of
extreme ultraviolet lithography: I. Latent image quality predicted by probability density model
Takahiro Kozawa, Julius J. Santillan, and Toshiro Itani
Jpn. J. Appl. Phys. 53 (2014) 106501

6. Effect of molecular weight and protection ratio on line edge roughness and stochastic defect
generation in chemically amplified resist processes of extreme ultraviolet lithography
Takahiro Kozawa, Julius J. Santillan, and Toshiro Itani
Jpn. J. Appl. Phys. 53 (2014) 084002

7.  Dependence of stochastic defect generation on quantum efficiency of acid generation and effective
reaction radius for deprotection in chemically amplified resist process using extreme ultraviolet
lithography
Takahiro Kozawa, Julius J. Santillan, and Toshiro Itani
Jpn. J. Appl. Phys. 53 (2014) 076502

8. Organic solvent-free water-developable sugar resist material derived from biomass in green
lithography
Satoshi Takei, Akihiro Oshima, Takumi Ichikawa, Atsushi Sekiguchi, Miki Kashiwakura, Takahiro

Kozawa, Seiichi Tagawa, Tomoko Oyama, Syoji Ito, and Hiroshi Miyasaka



10.

11.

12.

13.

14.

15.

16.

17.

18.

Microelectron. Eng. 122 (2014) 70-76.

Theoretical relationship between quencher diffusion constant and effective reaction radius for
neutralization in contact hole imaging using chemically amplified extreme ultraviolet resists
Takahiro Kozawa and Taku Hirayama

Jpn. J. Appl. Phys. 53 (2014) 066502

Effect of photodecomposable quencher on latent image quality in extreme ultraviolet lithography
Takahiro Kozawa

Jpn. J. Appl. Phys. 53 (2014) 066508

Theoretical study on stochastic defect generation in chemically amplified resist process for extreme
ultraviolet lithography

Takahiro Kozawa, Julius J. Santillan, and Toshiro Itani

Jpn. J. Appl. Phys. 53 (2014) 066504

Effects of effective reaction radius for neutralization on performance of chemically amplified resists
Takahiro Kozawa, Julius J. Santillan, and Toshiro Itani

Jpn. J. Appl. Phys. 53 (2014) 06JC02

Relationship between stochasticity and wavelength of exposure source in lithography

Takahiro Kozawa

Jpn. J. Appl. Phys. 53 (2014) 066505

Stochastic effects in 11 nm imaging of extreme ultraviolet lithography with chemically amplified
resists

Takahiro Kozawa, Julius J. Santillan, and Toshiro Itani

Jpn. J. Appl. Phys. 53 (2014) 036503

Relationships between Stochastic Phenomena and Optical Contrast in Chemically Amplified Resist
Process of Extreme Ultraviolet Lithography

Takahiro Kozawa, Julius J. Santillan, and Toshiro Itani

J. Photopolym. Sci. Technol. 27 (2014) 11-19

Acid diffusion length in contact hole imaging of chemically amplified extreme ultraviolet resists
Takahiro Kozawa and Taku Hirayama

Jpn. J. Appl. Phys. 53 (2014) 016503

Controlled arrangement of nanoparticles capped with protecting ligand on Au nanopatterns

Hiroki Yamamoto, Akira Ohnuma, Bunsho Ohtani, and Takahiro Kozawa

Microelectron. Eng. 121 (2014) 108-112.

Study on dissolution behavior of polymer-bound and polymer-blended photo acid generator (PAG)
resists by using quartz crystal microbalance (QCM) method

Hiroki Yamamoto, Takahiro Kozawa, and Seiichi Tagawa

Microelectron. Eng. 129 (2014) 65-69.



19.

20.

21.

22.

23.

24.

25.

26.

27.

Position Control of Metal Nanoparticles by Self-Assembly

Hiroki Yamamoto, Akira Ohnuma, Bunsho Ohtani, Takahiro Kozawa

J. Photopolym. Sci. Technol. 27 (2014) 243-247.

Conductivity of poly(2-methoxyaniline-5-phosphonic acid)/amine complex and its charge
dissipation property in electron-beam lithography Synthetic Metals

Toru Amaya, Yasushi Abe, Hiroki Yamamoto, Takahiro Kozawa and Toshikazu Hirao

Synthetic Metals 198 88-92 (2014)

Sensitivity of a Chemically Amplified Three-component Resist Containing a Dissolution Inhibitor
for Extreme Ultraviolet Lithography

Hideo Horibe, K. Ishiguro, T. Nishiyama, A. Kono, Kazuyuki Enomoto, Hiroki Yamamoto,
Masayuki Endo, and Seiichi Tagawa

Polymer Journal 46 (2014) 234-238.

Acid generation mechanism in anion-bound chemically amplified resists used for extreme ultraviolet
lithography

Yoshitaka Komuro, Hiroki Yamamoto, Kazuo Kobayashi, Yoshiyuki Utsumi, Katsumi Ohmoro,
Takahiro Kozawa

Jpn. J. Appl. Phys. 53 (2014) 116503-1-116503-8.

Pulse radiolysis study of polystyrene-based polymers with added photoacid generators:

Reaction mechanism of extreme-ultraviolet and electron-beam chemically amplified resist
Kazumasa Okamoto, Hiroki Yamamoto, Takahiro Kozawa, Ryoko Fujiyoshi, and Kikuo Umegaki
Jpn. J. Appl. Phys. 54 (2015) 026501

Study on resist performance of chemically amplifeid molecular resists based on cyclic oligomers

H. Yamamoto, H. Kudo, and T. Kozawa

Microelectron. Eng. 133 (2015) 16-22

Feasibility study of sub-10-nm-half-pitch fabrication by chemically amplified resist processes of
extreme ultraviolet lithography: II. Stochastic effects

Takahiro Kozawa, Julius J. Santillan, and Toshiro Itani

Jpn. J. Appl. Phys. 54 (2015) 036507

Effects of dose shift on line width, line edge roughness, and stochastic defect generation in
chemically amplified extreme ultraviolet resist with photodecomposable quencher

Takahiro Kozawa

Jpn. J. Appl. Phys. 54 (2015) 016504

Relationships between quencher diffusion constant and exposure dose dependences of line width,
line edge roughness, and stochastic defect generation in extreme ultraviolet lithography

Takahiro Kozawa

Jpn. J. Appl. Phys. 54 (2015) 016502



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Oxidative Stress Sensing by the Iron-Sulfur Cluster in the Transcription Factor, SoxR

Kazuo Kobayashi, Mayu Fujikawa, and Takahiro Kozawa

J. Inorganic Biochem. 133 (2014) 87-91

Mechanistic Studies on Formation of the Dinitrosyl Iron Complex of

the [2Fe-2S] Cluster of SoxR Protein

Mayu Fujikawa, Kazuo Kobayashi, and Takahiro Kozawa

J. Biochem. 156 (2014) 163-172

Pulse Radiolysis Study of the Dynamics of Ascorbic Acid Free Radicals within a Liposomal
Environment

Kazuo Kobayashi, Yumiko Seike, Akinori Saeki, Takahiro Kozawa, Fusako Takeuchi, and Motonari
Tsubaki

PhysChemPhys 15 (2014) 2994-2997

Binding of Promoter DNA to SoxR Protein Decreases the Reduction Potential of the [2Fe-2S]
Cluster

Kazuo Kobayashi, Mayu Fujikawa, and Takahiro Kozawa

Biochemistry 54 (2015) 334-339

Redox-Dependent DNA Distortion in a SoxR Protein-Promoter Complex Studied using Fluorescent
Probes

Mayu Fujikawa, Kazuo Kobayashi, and Takahiro Kozawa

J. Biochem. in press

Sequential Radiation Chemical Reactions in Aqueous Bromide Solutions: Pulse Radiolysis
Experiment and Spur Model Simulation

S. Yamashita, K. Iwamatsu, Y. Maehashi, M. Taguchi, K. Hata, Y. Muroya and Y. Katsumura, RSC
advances, in press (2015).

Chapter 5: Material-Coolant Interactions (in Supercritical-Pressure Light Water Cooled Reactors,
eds. by Y. Oka and H. Mori)”, Y. Katsumura and Y. Muroya, Springer Japan, ISBN:
978-4-431-55024-2 , pp.347-375 (2014).

3.1.4. SNV ATVF Y A -HRIEERORBFE"

E R

JRF7) - B - G F CuEHR) |, 28 1V 20, pp.102-103, (2014).

3.1.5. AKISE DTSR /K Es KO HARTE IR O JCH #Ro0 i

W, R

JRF7) - B - G F CuEHR) |, 2 1V 20, pp.104-105, (2014).

.Single-Particle Study of Pt-Modified Au Nanorods for Plasmon-Enhanced Hydrogen Generation in
Visible to Near Infrared Region, Z. Zheng, T.Tachikawa, and T. Majima, J. Am. Chem. Soc., 136
(2014) 6870-6873.



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Far-Red Fluorescence Probe for Monitoring Singlet Oxygen during Photodynamic Therapy, S. Kim,
T. Tachikawa, M. Fujitsuka, and T. Majima, J. Am. Chem. Soc., 136 (2014) 11707-11715.
Photocurrent generation enhanced by charge delocalization over stacked perylenediimide
chromophores inside DNA, T. Takada, A. Ashida, M. Nakamura,M. Fujitsuka, T. Majima, K.
Yamana, J. Am. Chem. Soc., 136 (2014) 6814-6817.

Radical Ions of Cycloparaphenylenes: Size-Dependence Contrary to the Neutral Molecules, M.
Fujitsuka, S. Tojo, T. Iwamoto, E. Kayahara, S. Yamago, and T. Majima, J. Phys. Chem. Lett, 5
(2014) 2302-2305.

Solvent Dynamics Regulated Electron Transfer in S2-Excited Sb- and Ge Tetraphenylporphyrins
with an Electron Donor Substituent at Meso-Position, M.Fujitsuka, T. Shiragami, D. W. Cho, S. Tojo,
M. Yasuda, and T. Majima, J.Phys. Chem. A, 118 (2014) 3926-3933.

Properties of Triplet-Excited [n]Cycloparaphenylenes (n = 8 — 12): Excitation Energies Lower Than
Linear Oligomers and Polymers, M. Fujitsuka, C. Lu, T. Iwamoto, E. Kayahara, S. Yamago, and T.
Majima, J. Phys. Chem. A, 118 (2014) 4527-4532.

Driving force dependence of charge separation and recombination processes in dyads of nucleotides
and strongly electron-donating Oligothiophenes, S.-H. Lin, M. Fujitsuka, M. Ishikawa, and T.
Majima, J. Phys. Chem. B, 118 (2014) 12186-12191.

Molecular-level understanding of the photocatalytic activity difference between anatase and rutile
nanoparticles, W. Kim, T. Tachikawa, T. Majima, and W. Choi, Angew. Chem. Int. Ed, 53 (2014)
14036-14041.

Blinking triggered by the change in the solvent accessibility of the fluorescent molecule, K. Kawai,
T. Koshimo, A. Maruyama, and T. Majima, ChemComm, 50 (2014) 10478-10481.

Folding and Structural Polymorphism of G-quadruplex Formed from a Long Telomeric Sequence
Containing Six GGG Tracts, A. Tanaka, J. Choi, and T. Majima, RSC Advances, 4 (2014)
59071-59077.

Visible Light Photocatalytic Activities of Nitrogen and Platinum-Doped TiO2: Synergistic Effects of
Co-dopants, W. Kim, T. Tachikawa, H. Kim, N. Lakshminarasimhan, P. Murugan, H. Park, T.
Majima, and W. Choi, Appl. Catal. B Environ., 147 (2014) 642-650.

Dynamics in the Heme Geometry of Myoglobin Induced by the One-electron Reduction, J. Choi, S.
Tojo, M. Fujitsuka, and T. Majima, Int. J. Radiat. Biol. (Special Issue dedicated to Prof. Clemens von
Sonntag,invited), 90 (2014) 459-467.

Inter and Intramolecular Electron Transfer Processes from Excited Naphthaldiimide Radical Anion,
M. Fujitsuka, S. S. Kim, C. Lu, S. Tojo, and T. Majima, J. Phys. Chem. B (for John R. Miller and
Marshall D. Newton Festschrift) accepted.

Configurational Changes of a Heme Followed by Cytochrome c Folding Reaction



51.

52.

53.

54.

55.

56.

J. Choi, D. W. Cho, S. Tojo, M. Fujitsuka, and T. Majima

Mol. BioSystems, 11 (2014) 218-222.

Plasmon-Enhanced Formic Acid Dehydrogenation Using Anisotropic Pd—Au Nanorods Studied at
the Single-Particle Level, Z. Zheng, T. Tachikawa, and T. Majima, J. Am. Chem. Soc., 137 (2015)
948-957.

Structural Study on Biphenyl with Various Substituents and Its Radical Anions Based on the
Time-resolved Resonance Raman Spectroscopy Combined with Pulse Radiolysis

J. Choi, D. W. Cho, S. Tojo, M. Fujitsuka, and T. Majima

J. Phys. Chem. A, 119 (2015) 851-856.

Se-Se Bond Cleavage of Diaryl Diselenide Radical Anions during Pulse Radiolysis, S. Tojo, M.
Fujitsuka, A. Ouchi, and T. Majima, ChemPlusChem., 80 (2015) 1.

Grid pulser for an electron gun with a thermionic cathode for the high-power operation of a
terahertz free-electron laser

Shoji Suemine, Keigo Kawase, Naoya Sugimoto, Shigeru Kashiwagi, Kazuya Furukawa, Ryukou
Kato, Akinori Irizawa, Masaki Fujimoto, Hiroki Ohsumi, Masaki Yaguchi, Sousuke Funakoshi,
Ryouta Tsutsumi, Kumiko Kubo, Akira Tokuchi, Goro Isoyama

Nuclear Instruments and Methods in Physics Research A: Accelerators, Spectrometers, Detectors
and Associated Equipment, Volume 773, 11 February 2015, Pages 97 — 103.

Available online 13 November 2014.

doi:10.1016/j.nima.2014.10.071

Development of a high-power solid-state switch using static induction thyristors for a klystron
modulator

Akira Tokuchi, Fumiyoshi Kamitsukasa, Kazuya Furukawa, Keigo Kawase, Ryukou Kato, Akinori
Irizawa, Masaki Fujimoto, Hiroki Osumi, Sousuke Funakoshi, Ryouta Tsutsumi, Shoji Suemine,
Yoshihide Honda, Goro Isoyama

Nuclear Instruments and Methods in Physics Research A: Accelerators, Spectrometers, Detectors
and Associated Equipment, Volume 769, 1 January 2015, Pages 72 — 78.

Available online 2 October 2014.

doi:10.1016/j.nima.2014.09.063

Excitation of giant monopole resonance in 208Pb and 116Sn using inelastic deuteron scattering

D. Patel, U. Garg, M. Itoh, H. Akimune, GP.A. Berg, M. Fujiwara, M.N. Harakeh, C. Iwamoto, T.
Kawabata, K. Kawase, J.T. Matta, T. Murakami, A. Okamoto, T. Sako, K.W. Schlax, F. Takahashi, M.
White, M. Yosoi

Physics Letters B, Volume 735, 30 July 2014, Pages 387 — 390.

Available online 2 July 2014.

doi:10.1016/j.physletb.2014.06.073
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4. Developing a new fluorescence probe of singlet oxygen during photodynamic therapy
S. Kim, M. Fujitsuka, and T. Majima EPA Newslett. (invited), 86 (2014).

5.

ERSEOBFRE

1. J. Yang, “Femtosecond time-resolved electron diffraction and microscopy”, FRI-E3-1,
Advanced Lasers and Their Applications (ALTA) 2014, May 7-10, Jeju, Korea (2014). (invited
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