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Development of C-band ultrashort-pulsed electron accelerator

Dept. of Advanced Nanofabrication?, Research Laboratory for Quantum Beam Scienceb, JASRIC

Jinfeng Yang@*, Toshihiko Horib, Toshiya Mutob, azuya Furukawab, Yuhei Fukuib, Yoshihide Hondab,
Tomonao Hosokai®, Takemasa Masuda®

A C-band ultrashort-pulsed electron accelerator is being constructed at Research Laboratory for Quantum Beam

Science of SANKEN. This accelerator is consisted of a laser photocathode C-band RF gun, a buncher, and a

conductive-cooling linear accelerator (linac) which can be operated at 20 K for high accelerating performance

(High-Q value). The ultrashort-pulsed electron beam generated by the RF gun will be energy-modulated with the

buncher and compressed finally into femtosecond by the linac. The femtosecond-pulsed electron beam will be

used for the prodrug development and other new applications.
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Activation of drugs by relativistic electron beams in the deep body

SANKEN, The University of Osaka, Japan?, RIKEN, SPring-8 center?
Graduate School of Medicine, The University of Osaka, Japan®

Yasuonbu Yamashitaa»b*, Yusa Muroyaa’b, Yoshio Mizutaa=b, Kazumasa Minami®¢, Kazumi Nakano?
Yoshihide Honda?, Jinfeng Yangd, Yutaka Takahashi?, Shin’ichi Shimizu?, Masahiko Koizumi&-©,
Takayoshi Suzuki?, Tomonao HosokaiP

Cancer-tissue-selective activation of anticancer drugs can mitigate chemotherapy-related side effects. Prodrugs

can be converted into active agents by exogenous or endogenous stimuli, enabling spatial control of drug activity

within lesions. In this study, we activated prodrugs with relativistic electron beams and evaluated their

pharmacological effects.
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Application of Carbon Fiber Reinforced Thermoplastic for Spacecraft Application

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

Yoko Akiyama?*, Aimi Yamashita?, Yuichiro Manabe?, Fuminobu Sato?

Carbon fiber-reinforced plastic (CFRP) is used in spacecraft as an alternative material to metal to reduce the

weight of spacecraft. CFRP is a composite material of carbon and resin, and thermosetting plastic is generally used

as its resin (CFRTS). This study aims to evaluate the possibility of using CFRP with thermoplastic resin (CFRTP).

In this study, we compared the interlaminar shear strength (ILSS) of CFRTS (CFRP with epoxy resin) and CFRTP

(CFRP with poluamide6). For use in spacecraft, the material’s resistance to the space environment must be

determined. The environmental issues that affect CFRPs’ ILSS of CFRPs are high temperature range (150K~ 330

K) and space rays. In this study, we irradiated ®°Co gamma rays under three conditions, 0,1 and 10MGy to

determine the effect of space rays and their secondary radiation. We then added compression force under two

temperature conditions, room temperature (RT) and liquid nitrogen temperature (LNT). In the RT condition, the

ILSS values of CFRTS and CFRTP did not show any significant difference. However, in the LNT condition,
CFRTP had at least 20% lower ILSS than that of CFRTS under each irradiated condition. This concluded that

CFRP with polyamide6 resin alone is not applicable as an alternative to CFRTS.
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Development of functional materials using y-rays irradiation

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

Masao Godo?, Akihiro Oshima@b, Jinfeng Yang®*, Kazuyuki Sato®, Kenji Adachi®

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

accelerator was used at ISIR, Osaka University. Fluorine-containing organic molecules were sealed in a

polyethylene pack, and EB irradiation was performed up to 6 MGy under oxygen-free conditions. After irradiation,

the surface of the polyethylene was analyzed by XPS. In the sample irradiated with fluorine-containing organic

molecules, signals indicating the presence of fluorine atoms were detected at 684 eV and 688 eV even after GCIB

etching, indicating that the fluorine atoms penetrated not only the surface but also the inside of the film. Therefore,

it is indicated that fluorine-containing organic molecules are decomposed by EB irradiation, and the fluorine

released through the decomposition diffuses from the inner wall surface of the polyethylene pack to the inside,

where it reacts chemically with the polyethylene.
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Fig.1 F1s XPS spectra of surface of irradiated

polyethylene. (a) 6MGy EB irradiation without

fluorine material, (b) 6MGy EB irradiation with

fluorine material

R R =y D — 7R 1L, =T J ]
IZEIFEAE AT T, 7o R G EEME R~
TRV FX— O — 7 N255 U EOx=yF
TR DBERSNIZ, U EDZEND, 7vEERA
W53 123 EB FSHIC K0 s, RS T ts
NIy BRRY) o ZINBED R DHNERIZHNT T
LR RV F L e OB a2 L TODHHESS
TXD,

L7eio T, 7y REH A 1 EFEL THRIZ
ITHZET R T FRE/ v—FHWDI LR 7T
TN L AEREI LA TED T LA RIBL TUND,

13

=AY

5803

2. A EB FRGHEEE (X, VU [ER S PEE R

MBI R PENF~DO BT dh THY | BATRES

WA

FEHEL FITET,



XL 0 v RERVW IR H ARSI ABR

FERRIEHE T )7 7 7V or— s a L RGeSy B &, TR G R 2 A % W B 72T b
PEIEME A, SR ab 454 ¥ (LiERgT b, Bk b

Development of functional materials using y-rays irradiation

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

Masao Godo?, Akihiro Oshima@b, Jinfeng Yang®*, Kazuyuki Sato®, Kenji Adachi®

In this study, we investigated the introduction of branched structures into PTFE by graft reaction to improve

mechanical properties, as an alternative to material modification by radiation induced crosslinking of PTFE

through high temperature irradiation. PTFE fine powder was placed in a SUS pressure vessel and irradiated with

0.8 kGy of y-rays in an oxygen-free atmosphere. The vessel was then filled with TFE monomer in a nitrogen

atmosphere, grafting was carried out by reacting at 40°C and 60°C. Tensile tests showed that the S-S curve for
100% un-irradiated PTFE and the S-S curve of blended PTFE consists of 50% PTFE-g-PTFE and 50% un-
irradiated PTFE was showed roughly the same behavior, and the tensile stress was improved by approximately
20%. Moreover, the blended PTFE had improved tear strength. Thus, by grafting TFE monomer onto PTFE, a

branched structure was introduced, improving the mechanical properties.
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Blue-radioluminescence from polymer dots based on thermally activated delayed fluorescence

SANKEN Molecular Excitation Chemistry?, Research Laboratory for Quantum Beam ScienceP

Zheming Su?, Sachiko TojoP. Yasuko Osakada?:¢*, Mamoru Fujitsuka®”

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

exhibit color variation in 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) Conceptual diagram of TADF P-dots showing
radio-luminescence exhibiting various colors. (b) Chemical
structures of TADF molecules used in this study. (c)
Photographs of P-dots (1), P-dots (2) and P-dots (3) under
room light (top) and ultra-violet light (365 nm) (bottom).
(d) Normalized photoluminescence spectra of P-dots (1),
P-dots (2) and P-dots (3) excited at 355 nm.



¥ 252 LT, P-dots(1), P-dots(2). P-dots(3) % &
L7,

F9°, EROFIETERK LT P-dots 5 Te PVA &
PEG B2 @E 0y 17 AV AEERIL il X BRI
WZRDFEERELTZ (B 2), P-dots(1), P-dots(2).
P-dots(3) DA X #RINELIE S 7V BLHIS AL, P-
dots(1)& P-dots(1)DFESEASTMVEBIEI LT, o F&
JEMR K 1%, P-dots(1) & P-dots(2) T, L E
470, 533 nm THY , FAMENE DI & LIZIF R T
o7, P-dotsG) T 7T L0 g5<, B EfE T
Ko HH B DR E DM TZ 6Dy, FEIE AT L DRk
NHEETHHT,

WIZ, RREM B2 — AN E ST
LINAC 2HDOFE B — 2RI I DI LT~
32MeV D) JFVFET-#r% P-dots TAHRICE RS L
72 (¥ 3), AK BT A I AT 53 et T, BN
WAL DTV IRy B A HRI LT, 56
S KB & 1%, P-dots(1)., P-dots(2). P-dots(3) T%
FLEIL 465, 545, 615 nm THY | SIMRNE DS
LRIBETH -T2, K 2 @ P-dots(3) THEIERS LKL
S/N Fid, i X #rihE oA L FERIZ, EIZ UV Jih
f T TORNOEFICENAREHNARNZEITE
K%, ZOREARBZRHIRICED  2IRRZ2 505
FEAMETFL, JIED SN LMK TFLTCWDEB 2B
%, F7z. 440nm FED " RE—7IZOWTIL, PVK
MHELTZHDEE ZHND,

LB, ARBFZE T, FIRARIZ LRI THE TS
TADF ¥t R —7 L7z P-dots 7§52 81280,
H. W, ROEOTOF NI Ry ADBELTRLY)
L7zo ZORCHRIE, B XA, B HRICRDhE FTHE
AENT, DT FNIF B AL FEHL T HHE

N, BEEDOARAFA A= TRV FT—F
N 7 E ORI R AL R 72 22 [8] 4y fifRE & A
ARINVIHRRED A E& FEEIC T 5728 | fiRed TH
BThHD, 2

References

1) D. Asamuna: Nanoscale Adv. 5 (2023) 3424.

2) Z.Su: Phys. Chem. Chem. Phys. Accepted.

Control P-dots (1) P-dots (2) P-dots (3)
(b) P-dots (1) P-dots (2)

E} §:

L0 S0

2 =

[ 0

[ c

L 1]

Sos Sos

° °

(7] o

N N

s T

Eoo Eoo

o | o |

Z 400 600 800 Z 400 800

600

Wavelength (nm) Wavelength (nm)
Figure 2. (a) Hard X-ray excited radioluminescence on
TADF P-dots film observed by a CCD camera, with the X-ray
beam directed toward the P-dots films positioned
approximately 30 cm below the X-ray aperture. All scale
bars are 10 mm. (b, c) Scintillation emission spectra for P-
dots (1) (b) and P-dots (2) (c), where each film sample was
measured three times with an exposure time of 5 seconds
per measurement for averaging. X-ray parameters for both
experiments: 60 kVp and 40 mA, unfiltered for P-dots (1)
(b) and P-dots (2) (c).
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Figure 3. Radio luminescence of P-dots observed by
electron beam irradiation. (a) Photographs for P-dots (1),
P-dots (2), and P-dots (3). (b) The experimental setup
photograph. (c) Radio-luminescence spectra for P-dots (1)
(sky blue), P-dots (2) (yellow), and P-dots (3) (red).
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Characterization of radiochromic dosimeters for gamma rays

KRUNS?, Grad. Sch. of Eng., Kyoto Univ.b, Grad. Sch. Sci. Eng., Saitama Univ.€

Yoshinori Sakuraia*, Ryosuke Naritab, Masao Godo®

Radiochromic gel dosimeters are attractive for quality assurance in boron neutron capture therapy because they

can hold multidimensional dose distribution information, can easily provide specificity for all dose-components,

and the structure as the dosimeter measurement system and the chemical dosimeter itself is very simple. In this

study, preliminary experiments were performed for the estimation of the time-dependent change in dose rate

distribution in the radiochromic gel dosimeter, using a Cobalt-60 gamma-ray source. From the experiment results,

the feasibility for the estimation of the time-dependent change in dose rate distribution using radiochromic gel

dosimeter was confirmed.

o & 1. W FE A ME - R 9% 15 (Boron Neutron
Capture Therapy; BNCT)D X572 538 JE D72 127
TR A O @ EARICED A TWD, £D—BrE
LT, ZVR RS O L/ B i W 723l T
EDOBRFEICEAA TWD, 7 VKR EFHIAE AR
[TV B CTES L TERY  AARB DOTRRITHUE Al HE
Thbo 7VRERI TIERLIZT 72 bAIZE) =k
TCHIZRMR B AR AT A AT RE L 70 D, Bk 4 7o FHSH D7
IVHREEFO T TH | FHOECTZARE THEAERY A HEZR
(FoA a7 7 ViR HZER L TOS,

ZE[E G WA PR C &, 20, JIE A3 LB i 72
VAU I VIR ER 52 L T, il T
P - 4 2 9 75 (Boron Neutron Capture Therapy;
BNCT)IZF51F 2 =TT &340 O dt B IRFED 728D

DFHMli s AT DO ATREICIR D EE ZTND Y,

BNCT A FR I 27 L2 Ko T — A58 FE O FEfH]
ZEBREEZNHBD, 2T, IV a7 AR
Bt TR SR ORI LA 0 F2 81
ATREMEIC OV THRRIL TWD, iz, 794
7y 77 VR B 2 S Ron TR R R
AR LD A B FEL T\ 5,

*y Sakurai, 072-451-2306, sakurai.yoshinori.8n@kyoto-u.ac.jp

18

AWFFETIE, 27UV R0~ MR ZE LT, 7
VA ray 77V OB R A D%
IREA 2SR o0 FEBL AT REMEIZBE 32 Tl SRR AAT
ST, RINZEBRIK RO —Fl2rd, TV A4 7aIyr
BFELLTaATZYRZ NN F Ly NLCV)Z
T VAR R AERL L T2, PNSF2310X10X0.5 em?,
FIUL10X 10 X 1.0 ecm> DFCAR D7 VR B G2 5K
BOHE LTz, B8 LIBCIR T /L #R &5 1420 X 20 X 20
e’ DK7 7 FARNICELE LTz, 7 72 b LD I
M SR E T AT % ek B E L, PR o &7 LR B
BB ORI LA FRER LTz,

* Co-60 source

pC

Camera

" Gel dosimeter

Display ; N

| ~
/ Water phantom
Light source

X1 SEERARO—14]




TG RO —FIEL T, <R I AZ
ICRVBS L7 B 2 X 21k 7, & bR
DR L 72— & B D& VARG 22 [ S o #
BERITIF—ETHY, BFERENS R L7 7
RART2R H O KRR BB LW Th - 72, I
141053 I 38U THE BB 72 SUG PR AE 1 LD
HEINTMERR S 7R Tz,

10.5¢cm

.
»

=T AW IS EEEWEE' O
-

10 cm

00:18:43»

X2 <R TR O mig o —51)

KA FETIT 2T o~ R EBROFE RIS, T
VA Iy TV R R O TR R A D%
RFAY A LRI OO F2 B AT REME A ffERR 3 D 2 &M TET,

T~ B ERICHTZD, BB — LRI
Jit 5 % D@ H B ARG, B4 g S A=
W W EFEL, I OB ERLET,

Reference

1) R. Narita and Y. Sakurai: J. Phys.. Conf. Ser.
2630 (2023) 012016.

2) R.Narita et al.: J. Phys.: Conf. Ser. 2799 (2024)
012009.

3) S.Nakamura et al.: Sci. Rep. 14 (2024) 11253.

19



BEHEREM N SD T RILF—EEICET SMHFARIEEHAR

PERRZEIS A 2T 8, KBRS PE SR e

£ I e 22

A6 — D R R 4y i b

a B A, Rk b

Research on Radiation Chemistry for Energy Production from Radioactive Waste

College of Bioscience and Biotechnology, Chubu University?, Institute of Scientific and Industrial Research,
Osaka Universityb

Kaname Tsutsumiuchia*, Makoto Yoshida?, Tomoyuki Ueda? b, Yusa Muroyab

Iron oxide particles were prepared using the co-precipitation method with FeCl2 and FeCls. The particles were fractionated

with nylon mesh (pore size 46 um) and filter papers (pore size 6, 3, 1 um). The iron concentrations of iron oxide particle

aqueous dispersions were adjusted to 1-150 mg/mL. The irradiation experiments were carried out for 1 hour under an argon

atmosphere at the research laboratory for quantum beam science at Osaka University. The amount of hydrogen produced from

a 10-mL dispersion at dose 1.04 kGy was measured by GC with a pulsed discharge detector. The divalent iron concentration

of test solutions was determined by the o-phenanthroline spectrophotometric method. The test solutions were divided into two

portions. One portion was measured directly to determine Fe!', and another was measured after Fe

! was reduced to Fe'' with

hydroxylamine. As a result, iron oxide particles preferred reduction of Fe''' to Fe'! under high Fe concentration. On the other

hand, the particle size did not bring a significant difference.
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