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Development of C-band ultrashort-pulsed electron accelerator
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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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Fig.1 Layout of C-band ultrashort-pulsed electron
accelerator.
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Activation of drugs by relativistic electron beams in the deep body
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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 (CFRTYS). 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
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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
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Development of functional materials using y-rays irradiation
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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
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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.
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o7, P-dotsG) LT 7T L0 g5<, B EfE T
Ko B8 DI E DM TZ 6D s, FEIE AT L DRk
NHEETH T,

WIZ, BRREM B2 — A NI E ST
LINAC 2HDOFE B — LI I DI LT~
32MeV OF JFVFET-#r% P-dots TAHRICEHERS L
7o (¥ 3), AK BT A I AT 53 et T, BN
WAL DTV IRy B A HRI LT, 56
SR B & 1%, P-dots(1)., P-dots(2). P-dots(3) T%
FLEIL 465, 545, 615 nm THY | SIMRNE DA
LRIBETH -T2, K 2 @ P-dots(3) THEIERS Nz {KL
S/N Fuid, i X #RihE oA L FERIZ, EIZ UV Jih
f T TORNOEFICENAREHNARNZ LI
K%, ZORARBZRHIRICED  2IREZ2 5058
FEAME L, JIED SN LMK TFLCWDEB 2B
%, Fiz. 440nm FED " RE —7IZOWTIL, PVK
MHELTZHDEE ZHND,

LB, ARBFZE T, FIRARIZ LRI THRE TS
TADF ¥t R —7 L7z P-dots 7§52 81280,
H.HROSOTOF NI Ry ADBELTRLY)
L7zo ZORCHRIE, B X f, B HRICEDIhE T THE
AENT, DT F NIRRT AL FEH T HHE

N, BEEDOASRAFA A= TRV FT—F
N 7 8ONGRSR A R 72 22 [E] 4y fifRE & A
ARINVIHRRED A E& FIEEIZ T 5728 | fiRed TH
BThHD, 2
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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 7 R 9% 15 (Boron Neutron
Capture Therapy; BNCT)D X572 538 JE D 7= 1T
TR AT O @ EARICED A TVD, £D—BrE
LT, 7V RS O LM B i O -3l T
EDOBRFE I A TV D, 7 VKR EFHI A AR
[TV B CTES L THRY  ARB DTRRITHUE Al EE
Tbbo 7VRERI TIERLIZT 7 bAIZE) =k
TCHIZRBR B AR AT A AT RE L 70 D, KR 4 7o FHH D7
IVBRERFO T TH | FHTOECTZARE THEAEY A HEZR
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DFHli s AT DO ATREICIR D EE ZTND Y,

BNCT A FR I 27 L2 Ko T E — A58 FE D FEfH]
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ATREMEIC OV THRRIL TWD, &z, 794
7y 77 VR B T2 S ko TR R R
AR LD A B FRL T\ 5,
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Research on Radiation Chemistry for Energy Production from Radioactive Waste
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Kaname Tsutsumiuchi?”,

Makoto Yoshida?, Tomoyuki Ueda? ®, 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

Il 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.

T % 132020-20224F 127> TRHIF B Bk ik O BIF 72
(B 3) LT T b T B FE M D b D =1 )L
X —AE IR 3 A0 C L B LR 743 BUR D 8k
FRFEZ100 mg/mLLL &35 &R R B S IRF L 238 T
FOSHEZHZEE R, UL, B8k 10
ZAlk (Fe) DEI G2 3 UK O BRI L TR
vRLT2EZ A ZOFEENIIEMRIE THY ., GHIC
BT DIIET — R ARRL TNDLIENREIN
7o FT. MERIER LSRR DRI BRI OWT, 4
#re & DBAEEAT S TR 2T 728 | 20244 FE 1
FEALERRL 1% 53k L CRL T RO ENE D LI
BHENDINT DN TR LI,

FRL BRI T ORI I L8k (I1) (FeCla) &gk
(11D (FeCl3) & W= iR Ic K0 T o 70, b
B L8k S BRI X AL 46 pm DF A1 Ay 2 —
MZI@L., 5T 6, 3, 1 um OEMEEHE VT
W LTc, ZD%., 3tk UTo B bSR3 B ORI T 5%
HIELIZEZ A, 6-46 pm DRIF-EEEHIFFS TV

53 3kiEE 1.96+0.29 pum, 3-6 um Ok F-BE L
FESAV TV B 43 TR 3324029 um, 1-3 um
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DR T RREIFES TN B /0 1R 1.890.22
pm, 1 um BL R OR, & B S AU TNl 43 1 3okE
£2 1772029 um EPARERRDMEAE R LT, W
WY TR Tob O DKL D R HERLER S
WS HE TEI  £NHDOFRIEE 21150, 100,
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[FREEREEEAR] A vt 7 (SP) (1A

OB LD A m T =2 (MC)~D 7 + @5(@3
Fom S RARUSERTRAME LTHORT . o
WD FAITARRIELT TOBF L AU Chart 1. Molecular structures and
F0AERLESP DI HAAF LN MC D5  abbreviations of spiropyrans used in this
WAL T ~BET 5T 047 I RAREE VO

AHLTHD (R 6), %X SP (Chart 1) OF VN AF w2y r/mnzZ  BIN2-AF
NT T RrT T U, 002K D T < IRIHIC L0 KT 2 MC DT VA A2 Bl
ZOFERRHEORRE A E L, Y/ nnzd BRI 2-AF LT hFk Fr7 7 o (MTHR)F
TH <~ BIBERIZ A DT DOWIN AR bV, B IV ARFERTE LN MC 7
ANAFFH L DHOIIE— 7 EEMIER U Tho7223, MTHF F10H 01k DMF FOE f-# UL
ARFEBRTHE LN MC TV INT =F Db &3 e 57728, DMF % W THEREZIT .
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ISTEOWFTE, 2024 -5 H, HA

4) i Fe, NRERT, BERET, BE T, BTV AT VAV VRABEICE DAY RE T U
DT ZANA F > DRISTEDIITE, 5 67 BIKEHH L ER RS, 2024 9 1, K.
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U & ZISFED SOSHRE DOMTTE, 2024 49 H, JKE.
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%%{Q%A®Lk%ﬁ%% X 2HEMEBRITECRNWET2ONERTH D, AWFZETIX, T=4
RN F A AFRFN BTN TGRS o F L —H BT, Yo FL— g VIERZ LT,

[#F7E B /) & EENE]
VT L—RIIBITLHEVWCTFL—T g

IRIE, < OHA. AR N @) 2 bR ””'\
B A T) ~OIENT 3L ¥ — BB |
K%, HHEEEECx LT DPO < POPOP 74 & o
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OORE HADE R BIAECDS. M"\‘J"MN W i
R, 2O ALX—BENBERIL, ML= 0% Yo 200 100 600 00
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NOFHIRE~DT R LX—BIEERE S LT, &
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BOWTHRBROBRENAE T TWDL D, IF A AEAE LT R =F A7 I (TEA) ZHmL7-
Ry o F L—ZIZOWT, BEEE, SV RAT V4 A& ) hHEERO ST 21T > 1=, S4EE
[ZiE. TEA 2RI L T72iRiIR Y o F b—Z OREZ T UTc, £72. 7 =F UHiteAl & LT N2O 27
MU7=RbRFHE LT,
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BT AL HEIR(ESRNEIZLD v #RBRF 2R OB

BEM e, HSRETY, BERHA e, HANE
A fE RPN BB AT TERE, b KRB EPESERIAIIEAT, o MF RFERARFER

VUBMNSEREIND VO F AT I ) ARNAEES NV Y N T AL — e
AREL, TTK Ty MBSz L, BT AL (ESR) ZHWCHIELZ LzL 25, KERTE
(CHs)(CH )(NH2) 7 ¥ 411 £ (CHs)(CH)(OH) 7 ¥ BV MBI S vz, 280 K AHIT TR 2R FF L T
ESR#Bl&% L= 2 A, SEAH LYY 27 52— NN TICH)(CHYOH) P hnéxz ) —
N TOKRFIRABIEBIEHEZ > TWD Z LRI E 7.

[BF5E BB & ENE]

TEA LT, YU D (Si02) DO EIND 7 —Y ORI A naEsnizibaw<T, v Ui
J T AL—RO—FETHD. TEAIZL, AZ R0y, Tuany, AT X UREESNTED,
y RIS Z L1tk Z U kT 5. Yokoyama et al. (2023) 12XV, 77K Ty #RE % L7
THA% 240 K fHETHREFTH 2L T, AT OINEL A V78 ORI TKEIRF 51 RS 5
B ERBEEINTZN, RROTEAIIEBEFEO AT ANAEINTWDHTD, flxDFA Ny TETY
TV DI DWW TEEIZIZ N B2\, 20780, FANGFERELTZVY 7 7 AL — FR
VBLZ72 5. AWFETIE, THEA LFEROMEEEL D, =F AT I ey ) — L aagELTzy
VA7 T7A—ReaL, vyRBEIZKVAERT 27NV OBIE L ZN S DRI DOV TR,

AN KA 8T KT =F ) (TEOS) EARZERALT, M
KRS THAN M7 A BAKEIREERL, ZiucmF LT [ 210K = 280K —290K]
S VKRR IR, 77 v N ER SN T 190°C T i
2r ABREL T U B 7 T AL — FDOEKREIT-T-.

ARG E TTK Ty BB L, ESRBIZ41To72L 25
K#FJFF & (CHs)(CH)(NH2) 7 ¥ 4 /L & (CH3)(CH )(OH) 7
AR, &5, 270290 K THIRT =—V v
7 FEBREAT o172 & Z 5, (CH3)(CH )(OH) 7 ¥ 1 /v ix— IR K i
E/‘jzﬁﬂﬁ/}\%ﬂf\‘ L ( 1) > %@{ﬁ‘l‘i,ﬂ:i*ﬂ/&\’b—6i 531i 0 5IO 160 1éO 2(|)0 2£I')0 3(IJO 3%0 400
0.6 kd/mol TH-o7=. F7z, [FIKFHZ(CH)(CHINHz) 7 2% Annealing time (min.)
JATHIILTO2 2 Ehh, BREIGHLIEY VN7 TALV = m1  970-290 K CO%EET =— U
FNT(ICH)(CH)OH) 7 Y h b =F o7 2 U MTAER ~ 7 ERIZET % (CHs)(CH )(OH)
FRBIEAEZ Y, =4 /=1 & (CH)CHINH)F ooy 7/ AROZLE.

VAR LT D ATREMENE 2 DTz,

[REH2BFFERRR]

Isogai, S., Masuda, K., Dan, K., Tani, A., Tojo, S. “Electron spin resonance study on hydrogen
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Normarized ESR signal intensity
o

abstraction reactions of radiation-induced radicals in synthetic silica clathrate including

ethylamine and ethanol.” Atoms, in 2nd review.
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T BERNE —DILFE T RN —~DE B
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AR TR L X — R, b RICRFEPEER AT SE T

S E S ERGRE LA SETRKE K ORI S AR O o~ RIS BRI L D A 2
ZERNT D2 LT LT,

[BF5E B & EeNE]

i LV BUR PEBEFE IR O T RPIR O I, BEREMIR D DI T D (FEIZy #) 1Z=v 2
U— b2 EI2 Lo Tl S5 DT, R R L X — i OB L L CRIES LRI 5, 20K
FHT RN T =2 PR T =~ ANEHRT 2 2 N TEIUR, | LUV TR O
SRR BICERD Z LRSS, AP T, v EWEOMAEERIC X VAT LK
TR —TRETICHEH LA G T TAY VARG (y A X 32— a3 VIROE) 2T,

Ni#E (¢ 1mmXxX40mm) F7/Z1E Ni#E (KifE 12um) ZHICHKE L7z 0.6 MPa DRFEK, B X
WREeHE (NaHCOs, NiCOs, PbCOs) % #&fif & 7= BERE KRR & A e B s I Az b &, A
TV UV AKECER L, BEHESUE & LT, KIRKFEER PRI & 7 v — 2R AR Je ik
2T U LD 60Co BRI (56.58 TBq) ZHWVT, v B EREZIT -7, MREHREN 5.0 ~
54 kGy & 782 K O ITHRIR & ISR O B & BRI A2 2 TEBRAIT o 72, v BRI ER %
AT UV VARBNDOH AR sy TAIa~ NI T 7 412XV ER&ELT,

z FE15 = £ 7 EERAE N, SR . o .
F1LIIARFEEE LN ERERER 2R3, K B 1 R F ORI 0 CHL A B

G (VEE\‘ N £§ 15 [y = =
W7k D y FRIRG CIE, R EREA K E 72 N1 AR Al R L Tk
ZHWD Z LIZE Y CHay AR EOF T O (umol/m?)
FERR S LT, IR 275 ORI KV~ 0D RS %féj?i — o igj
B A IR H A~ LA - JR B Ni X
D6, CHa AREIIIRIBKDEGEITH AT 3 i{‘ﬁ TR N BE 9102
~4 HiRk&EMotz, &<z, NaHCOs & Bl K K NaHCOs 0
e DHMEENR S - &b R WIRNOERRE /L FEmg NaHCOs 3 x 106
o) : 5
PRI Z R LT 0.831%DINERT CHy 24T 5 = [ NiCOs3 3x10
IRt Yo DN s TR = BhC0. —

ENTE, ZOZ LD, IR E A FERR KR
ROy A X F— 3 VST, HAEERCTRELZEZ R A —EFEICL->T, CH /21X
O-H OfE&8INr & CHy ~DOFEAN ED X I ITHMNNEAT200% LN LTV LERN
HHZ ENbhroT,
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A fF KPR P F R AR, b REOR R PESER AR SEAT

ARVTVNT TV a— L1 —R 37—k (PADC) JEE 27~ R IR EHZ K> TA R T DR e oL HE FE 2 7R 4t
BRI HIEZ Z o T L 72 (WRGRR 2 30 - 200 kGy ., #RE3E: 0.44,0.91, 4.5, 8.2, 8.8 Gy/s) . PADC i &z
PSIVT Ty F U TR EEISER v S L BLAE B FE OFEEBA S L CRLIR TEH LA LN LT,

[HF5E B 8 & EHENE]

PADC #iHgs 1T E = v F o 7RISR HER TH 0 | EERTIH AT —3 a V2B 2 Tl a
R L —Y =7 T XA~ 0ZWE IR ST 5, Fixid PADC TSN A A M T v 7
DG & T O W T ORI S | X0 EN-EER 2 AT 2 MIHERARICE T2 2 LD TE
DRI RS O E LTS, PADC Oy F U VRN A F 2 T v 7 IZih> TBKS LD &
R VHEEIZ L > THE SN TR Y | THUTRIEFFERILEUSIC & > TEEN D, ABFZETIE,
o~ 2179 2 LT, PADC HZAEEND T VUL LRGN B SN DR & ORISIZET

ZHAED L EENET D, [

b s =y FUTEERKEN Xe A AV DTy FEY MY A0
PTG & F D, 2 OB NERESHITIC 5 B, Ho~f i) o e
B 2175 & W A — IR SR B2, R TRAR Eﬁ?%ﬁﬁ%@g@@;
G = SRR O TP B SUNPAVVE S -
Fo RIS 25, R, TAVRIADE S RRASEE Kol -
DRREERNEROT Y FEy bAEENS (F1), HH S
#"Neck”, EEIEH % Body” & FHUZ, Neck (178 P &[4 oo o
T Y | Body IZ132 ZICRRLA A S5, T IR ——
BOT, A—BEETHIIE, /Ly Ty F o 7SR LT
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