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Investigation of the solvated electron in 1-pentanol

Dept. of Advanced Nanofabrication?

Masao Gohdo?", Ryoya Tamaki?, Jinfeng Yang?®™

A pulse radiolysis study on the absorption spectra of the solvated electron and the pre-solvated electron in 1-

pentanol was conducted to understand the nature of photo-absorption of solvated electron. It is still under

discussion whether the photo-absorption assigned to the intramolecular excitation in the solvated electron’s

molecular orbital or assigned to the electronic transition to the solvent conduction band. The experimental results

of the photo-excitation experiments on the solvated electron indicated that the photo-absorption of the solvated

electron should be assigned to the electronic transition to the solvent conduction band.
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Study on THz radiation generation using relativistic femtosecond electron pulses

Dept. of Advanced Nanofabrication, Sanken, Osaka University?, Institute of Laser Engineering, Osaka
University b

Jinfeng Yanga*, Youwei Wangb, Zihao Yangb, Jiaming Zhangb, Kosaku KatoP, Makoto Nakajimab

Sub-terahertz waves in the 0.1~0.3 THz range are expected to be utilized for the communication beyond 5G/6G.

This study reported a new approach of sub-THz wave generation using relativistic femtosecond electron pulses.

We designed a metallic slit array radiator on a silicon dielectric substrate and succeeded to observe a THz wave
with a peak frequency of 0.17 THz and a width of 0.13 THz in FWHM. The obtained THz spectrum is in a good

agreement with the theoretical estimation.
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Dynamics of radical cation of polyhydroxystyrene-type resist polymers

Dept. of beam materials science, SANKEN

Kazumasa Okamoto*, Yusa Muroya, Takahiro Kozawa

The dynamics of radical cations of resist polymers formed by radiation chemical processes is important for the

development of new resist materials in extreme ultraviolet (EUV) and electron beam lithography. Using pulse

radiolysis methods and quantum chemical calculations,

polyhydroxystyrene-type polymers.

EUV VY777 ¢ 8diiid, BIfE i S0 8k 7
NRAABIETHNLNTERY, SR ENICBIT5E
AL TESNTND, RO EUV HHffiTxis L
T B R OB - @RS L D72 IZiE, LY AMA
BIOFTHHB RN BELRBRE CTH D, £ DMRIROT-
DIZ, EUV & B CIC LS oL A
DA Z AL IS B 7 BOS BRGS0 75 A
FIVAOFEMOIRANLETH D, & TR

BTV ATZU AV REEE LR R
ZHWT, RUERaXF VAT L OR#EREE X T
R~ —DAFANCTERT DTN I T A
DFN I DWW THHLNNI LT,

P K PEMF B — LR FIFFE % 26 MeV L—
NURTAT I INEDEFRRETH T NV E ST
Xe 77y a7y TR EFRRICHIN T 528 TH
W SNATGOF N AR R AT oo, o7 i,
Ar fafnL7=R )~ —[RVeRa% AF L (PHS).
RI[(t-7 "2 T VR =)L) (t-BOC)AF L AT L
(PTBOCS)B LW +-BOC DIfi#EHR %% % 7= PHS]D
rmasF Y R T,

UV ATVF Y AETHRLIZ 100%-BOC
RSz PTBOCS RO LW U AANT MV 2

*K. Okamoto, 06-6879-8502, kazu@sanken.osaka-u.ac.jp

we have studied the cation dynamics of

AT, P 1100 nm 28— 2 IZE ORI R I3 E
BDOAF LV a=y MIEEM AR LT F
WH A~ =TT TV T F A R D T faf I (CR) /S
IR B S, Fio, AR RIS ORI E
?ﬁ%@%ﬂc:otmﬁkﬁﬁi%@totf:&)\ T=A AL E
2D, RY~—0 t-BOC RN T DL,
BT 2 )% AN OWILNBLEES L, CR A
YROBERENELRD bR ad L Lo 7 vk
VISINT AN I T A DIFIFMICKREGEET D
ZEMBENET ST,

0.3
* 50 ns

100 ns
200 ns

>

302 [, 400 ns

c o

(0] Lo

o .

So1 fu

o %

o S,

0 AAAAAAAAAAAA
300 800 1300

Wavelength/ nm

1.PTBOCS(100 mM unit) /> Z7a~FH /0
RUET, 7SV AT AN RIS
IR MU(FE TR IS 14 50~400 ns 1%).



R RHEFE—LICKIRAAFRITOARS YT OFELHE

RBRREARE R TS

ol F#(g ab* s@ye ab K migE ab, hspfnt a,

AT &, L AHFZET SPring-8D, KT A K B 2 R F0 R ©

EEE RN 8.6 Alexei Zhidkov@, 2 1755 A,

%ﬁ%wawk%%%ﬂﬁjﬁ*%@a-ﬁﬁﬂﬁﬁb

Activation of prodrugs by relativistic electron beam irradiation

SANKEN, Osaka University, Japan?, RIKEN, Spring-8 center, Japanb
Graduate School of Medicine, Osaka University, Japan®©

Yasuonbu Yamashitaaab*, Yusa Muroyaa’b, Yoshio Mizuta®? Kazumi Nakano?, Kazumasa Minami®°, Alexei
Zhidkov3, Yoshihide Hondab, Jinfeng Yang?, Masahiko Koizumi®, Takayoshi Suzuki?, Tomonao Hosokaid:D

Cancer tissue-selective control of the activity of anticancer drugs can reduce side effects in chemotherapy.

Prodrugs can be converted to active drugs by exogenous or endogenous stimuli to control the activity of the drug

in the lesion. In this study, we used relativistic electron beams to activate prodrugs and to evaluate their

pharmacological effects.
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Material modification using low energy electron beam

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

Masao Godo?", Akihiro Oshima@P, Jinfeng Yang?™™, Kazuyuki Sato?, Kenji Adachib

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

accelerator was used at ISIR, Osaka University. Chemical agents A and B, which have different chemical structures

and were applied to the surface of the silicon-based inorganic film used in this study, showed different abrasion

resistance when irradiated with electron beams. When chemical agent A was applied, the abrasion resistance

improved with irradiation of MGy or more. On the other hand, when chemical agent B was applied, a slight

improvement in abrasion resistance was observed in the sample irradiated with several tens of Gy, and the abrasion

resistance decreased at higher doses. The above suggests that the molecular structure of the agent contributes to

the change in the chemical structure within the molecule (modification/crosslinking) and the improvement of

adhesion.
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Development of functional materials using y-rays irradiation

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

Masao Godo?™, Akihiro Oshima2P, Jinfeng Yang?™™, Kazuyuki Sato?, Kenji AdachiP

A radiation-induced graft-polymerization was studied for the purpose of improving the formability of the

fluorine-based film. The grafting reactions with trapped radicals using various fluorine-based gas monomers

(tetrafluoroethylene: TFE, vinylidene fluoride: VDF) were carried out under oxygen-free. In the results of last

year's experiment, a sea-island structure was observed after molding when a liquid-phase monomer was grafted

onto pellets. However, in this year, it was found that by selecting a gas-phase monomer, the monomer penetrates

into the inside of the pellet, enabling uniform molding.
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Blue-radioluminescence from polymer dots based on thermally activated delayed fluorescence

SANKEN Molecular Excitation Chemistry?, Research Laboratory for Quantum Beam Science?, IACS®

Daiki Asanuma?, Sachiko TojoP. Yasuko Osakada®¢*, Mamoru Fujitsuka?”

We demonstrate that polymer dots doped with thermally activated delayed fluorescence (TADF) molecules clearly

exhibit blue radio-luminescence upon hard X-ray and electron beam irradiation, which is a new design for nano-

sized scintillators.
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Figure 1. (a) Schematic of hard X-ray- and electron beam- excitable P-dots doped with TADF molecules. (b)
Chemical structures of PA-TA and MA-TA. (c) PL spectra and photographs of P-dots solutions under room light

and 365-nm ultra violet light.
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Figure 2. (a) Hard X-ray excited luminescence imaging of P-dots in aqueous solution. Scale bar is 7 mm. (b) Intensity
quantification for hard X-ray excited luminescence. (¢) Hard X-ray excited luminescence spectra of P-dots. (d) Electron
beam excited luminescence spectra for PA-TA and MA-TA P-dots.
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Irradiation Effect of Insulating Materials for Fusion Superconducting Magnet
— Difference in Mechanical Strength by Manufacturing Method —

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

Yoko Akiyama &*

Insulating materials used in superconducting magnets for fusion reactors are exposed to radiation at the
cryogenic temperature of liquid helium temperature (LHeT). In ITER, an experimental nuclear fusion reactor, uses
glass fiber reinforced plastic (GFRP), which is a 3:2 mixture of epoxy resin (EP) and cyanate ester (CE) with
excellent radiation resistance, as an insulating material that can maintain mechanical strength and insulation
performance under such an environment. However, this composition was determined through strength tests at room
temperature (RT) and liquid nitrogen temperature (LNT). In this study, the interlaminar shear strength (ILSS) of
GFRPs manufactured by different methods was measured at RT, LNT, and LHeT before and after y-ray irradiation.

The results suggest that differences in manufacturing methods do not have a significant effect on ILSS, but the

molecular structure of the hardener has a significant effect on ILSS.

1. IILwic
KA R B 0 e éhé?ﬁ%ﬁ%ﬁ*ﬂrai
AR~ LR E (LHeT) ORI T Chtdiich

IND. DD, KA EBRIFITER T, _0>ot9
TRERBE T CH A 5 B O i M RE A HERF T D

MefEA R L C, =R U RHIE (BP) Lt A AR L
BN T F—hT A7 L (CE) #3:2 CiRA LAt liE
<o AELTERALTWA. LcL, 2Ot
ILEBREE THAMIRAI Y A E TiE7ed, iR
RIKERIRE COMERBRZBEL CGRESN-E
THY, WAEANVT LG E TOREDRFEN ML ET
H5.

ZNETOMZET, CEEEPOMHGHLAL D FI2 BT
Af R A NG (GFRP) Z/ERLL, v FRHR G - SRR
FEEE, iR, WIRE R, WRIRA~YD LR E
TlEE AW (ILSS) 2| EL 7. ZOfER, =
5 AR 7% O GFRPOILSS DR L /7M1, CEAR &
DHOLEFRNEDTHLNCRRDZE, CEGH

*y, Akiyama, 06-6879-7897, yoko-ak@see.eng.osaka-u.ac.jp

BICE> TEDIRERFEMEDET 22 HD
(2ot SAEEE, GFRPOHLE /5 573 LSSIZ 5

LRI AT~ 5 1=, ITERTHWO AR5 (R
EE, —BDOGFRPOHLE LA HNBIL TS Y
L7 ETREE LT BIIR O bk A AT o 7.

2. EBGE

B EIREDY T I ONWTIE, EP(EX T/
— VAR R H6 R, JER828, —ZE IR
241) £CE (Primaset® LeCy, Lonza) DR A%,
CE730, 40 wt%E72 DI 0IFHRL, FEELI= T A7
RAZEHZEE RS, M-S 81280
GFRPEAERILT-. 7233, EPOADORARIZ OV T,
BEFIE L TRV =T LT 2L, —,



FVFLTEDY T AZHONTIE, B T E
FIE TEMIC I TEREN IR A 2 vz,
DEE, HAEERIEE AR UFRCITRE MK
RIEDEEL D> o772, BIEDNEEL) -T2, EPE
CEDOARBINEEL TIEFITH D% 23, CELEPD
IRA#HE (CEEP) IZI3 LR EEAI L L THA 7 2 ik
R, EPOADORAGIZ OV TIT R AV MNE K W
ERALAIEL TRV, Zhb02 o0 e 8iE 7
15 CHERLL 7= GFRP% H B0 K 38R 2 T
L, CCoftliiz AW C=IE, 22K Ty e mEL
Tt R, WRRERIRE, K~V D LR E T
ILSSaBRZ F L 7=

3. M REB LR

FFCEEPD# B A Fig. 1(a)(b)IT =T, EZE 5
1ETYERIL72CEEPIZ DWW T, MRETOA 7))
5T, ILSSHNR A EE F2 I L TR KA 4 B A B 1)
DHERIN TN, TV VL7 IETHRIBEOME RN
MRSz, £72, 10 MGy CHYEIRIZ BT HILSSD
BN oD s — L Tz,

— 7, BZEERIETIERL7ZEP LA (LAl D 0
BHIBIZDWT, FEBRAS RAFig.2(a)(b)llmd . B2
SR ETIERL 7= o 7 U, RS BTIZILSS 23R
R % R TR AEZ HRY, U2 1 XIRIR A~ D A
IS T KIEEZ D E DRI TR, T I
VIETERIL =Y 7 i, B OF T )b
59, ILSSANEIAZE TR TR AEAZ IS L),
CEEP|ZITV M A1 2 R LTz, ZHUE, EAIOL e
DHIEHT, LA O L FAEE D E SR TH D,
OOV A EREOERKEEEL R ObD TH LML
VWHZEYL, BEHCIAILSSOIR IR FIEIC BT 5
AREME A RL TS,

4. F&

TR 5 Bl 7% 0O CEEP OO ILSS O I B (e AE- P DB 113,
BFERIR T H B MRS, —FTx
RETBARDOADEE L, ERIOHEED BT,
A A b AR DA 203 B AT % D ILS SO FE AR A7 L2 K

SR E R G2 DTN RS
(a)

100

80

(=)
(=]

ILSS [MPa]
e
(=)

153
(=]

(=]

0 50 100 150 200 250 300
Temperature [K]

(b)

100

80

60 r

40

ILSS [MPa]

20 f

0 50 100 150 200 250 300
Temperature [K]

Fig.1 CEEP O ~#HHAi# D ILSS, (a)
BZEERYE, (b)) 7V T LIk

(a)
120 L —o—0 MGy
- + -5 MGy
100 f= ) a- 10 MGy
§ 80 )
= 60 | . -
— 40 -
20
0 ) .
0 100 200 300
Temperature [K]
(b)
120
100
£ 80
=)
% 60
A
= 40
20
0

0 100 200 300
Temperature [K]

Fig.2 EP LHE{LAID BDHHE DA~ IRkt
B2 D ILSS, (a)EZE 51215, (b)) VIV 7ikE



NRSMT YRV E-BERERETFREHORMERHR

KBRS R S IR (R B A, Tkl T-RA R A M3 b

« BEZERL AR TERTC

EEEL fE % )UK M b JEAK f—b K AFEEC, LT FRMEC, B fnZEC, SR mMEC,

W 3

R ECS

Cell-killing effect of ultra-high dose rate electron irradiation using L-band linac.

Osaka university graduate school of medicine division health sciences &, Dept. of heavy particle therapyb,
SANKENF®

Kazumasa Minamia*, Masashi Yagib, Shinichi Shimizub, Yoshio Mizuta®, Yasunobu Yamashita®, Kazumi
Nakano®, Yusa Muroya®, Yooshihide Honda®, Tomonao Hosokai®

The behavior of cells irradiated at ultra-high dose rates has attracted much attention. In particular, the

phenomenon called “sparing effect,” in which the cytotoxic effect of radiation on cells is attenuated, has the

potential to be a new radiotherapeutic strategy due to the difference in the response of cancer and normal cells to

radiation. However, the sparing effect itself is not easily observed in cell experiments, and the mechanism of the

phenomenon is often unclear. We have established the world's first ultra-high dose rate irradiation system using

the same irradiation system for three different types of radiation (electron, proton, and carbon beam). We have

already succeeded in observing the sparing effect with carbon and proton beams. In this project, we started

experiments to compare the cellular response after ultra-high dose rate irradiation with that after electron beam

irradiation. The achievement of this study was the establishment of a cell experiment system with an ultra-high

dose rate with electron beams, and the drawing of a cell survival curves.
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Ultra-high dose-rate electron irradiation field for searching FLASH effect using L-band linac

Dept. of Carbon Ion Radiotherapy, Osaka University Graduate School of Medicine &, Sanken, Osaka University
b, Division of Health Sciences, Osaka University Graduate School of Medicine €, Dept. of Radiation Oncology,
Osaka University Graduate School of Medicine d

Masashi Yagia*, Mizuta Yoshiob, Yoshihide Hondab, Yusa Muroyab, Kazumasa Minami€, Tomonao Hosokaib,
Shinichi Shimizu?, Kazuhiko Ogawad

The FLASH effect has been attracting attention in recent years. However, the mechanism of the FLASH effect
is currently unknown. In Japan, there are few facilities that can perform ultra-high dose rate irradiation
experiments, and various experiments to elucidate the FLASH effect have not yet been performed. The purpose
of this study is to construct an irradiation system for biological experiments using L-band linac in order to
investigate the effect of beam structure on the FLASH effect. We found that the physical characteristics of the
constructed irradiation system could be used for biological experiments.
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Evaluation of the radiation hardness of a buffer module for the Slow-Control system in COMET Phase-I

Graduate School of Science, Dept. of Physics2

Yuto Kageyama?”, Hisataka Yoshida?, Kazuki Ueno?

COMET Phase-I is an elementary particle physics experiment designed to search for the very rare decay process,

p-e conversion, which is strongly suppressed in the Standard Model. The preparation of the detector and electronics

for COMET Phase-I is currently ongoing. To operate all instruments, including the detector and electronics, stably,

the Slow-Control System (SCS), which monitors environmental information such as atmospheric pressure, is very

important. Some sensors for the SCS are located several tens of meters away from the detector to avoid radiation

damage. A buffer that raises the sensor signal voltage, which decreases with the distance, is being considered, and

its gamma-ray tolerance was evaluated.
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