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Formation and Structures of Thiouracil Dimer Radical Cation by during Pulse Radiolysis

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

Sachiko Tojo**, Osakada Yasuko, Mamoru Fujitsuka®

We have developed the nanosecond time-resolved resonance Raman spectroscopy (ns-TR3) during pulse

radiolysis. The oxidation of 4-Thiouracil (4-TU) with hydroxyl radical (OHe) in aqueous solution lead to the

formation of intermolecular c-dimer radical cation (4-TU2"") with two-center three-electron bond between two
sulfur atoms (2¢-3e S.".S). The ns-TR3 spectrum of 4-TUz"* shows peaks at 155, 305 (2¢-3e S..S stretching),
and 439 cm® (C-S and ring stretching), while the C=S and C-N stretching vibrations at 1126 and 436 cm,

respectively were not observed.
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Figure. 1. Molecular structures of 4-Thiourea used in this
study.
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Figure 2. Transient absorption spectra obtained during
pulse radiolysis of 4-TU (5 mM) in pH 7 MilliQ (N20
atmosphere). Inset shows a time trace of the transient
absorption at 440 nm.
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Figure 3. 4-TU,"" with two-center three electron
S-S bond
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Figure 4. (a) ns-TR? spectrum observed at 500 ns after
an 8-ns electron pulse during the pulse radiolysis of
4-TU (5 mM) in N2O-saturated aqueous solution. Probe:
532 nm (black). Red line shows the Raman spectrum of
4-TUz*" calculated by TDDFT at UBP86/TZVP level.

a) 4-thiouracil powder (observed)

)
[se
N

(b) 4-thiouracil (calculated) o) S{H, CH) o
v(ring) \'(crniﬂg) g g ;@ S) é
1 |I :n 1 g | I | 1 I| I| 1
200 400 600 800 1000 1200 1400 1600

Raman shift / cm™

Figure 5. (a) Raman spectrum of neutral 4-TUpowder.
Probe: 355 nm (black). (b)Vertical red lines show the
Raman peaks of 4-TU calculated by B3LYP/6-31G(d)

Table 1 Ayax, S..S and C-S Raman shifts, S.". S distance
and Mulliken Spin Densities for 2-TU>** and 4-TU>*".

Dimer S..S spin
R Amax Vs-s ves X .
radical 4 4 distance  density on
) (hm)  (em™)  (em™) %
cation (A) S atom
. 210, 0.451
2-TU 415 441 2.893
295 0.512
o 155, 0.495
4-TU; 440 439 2.924

305 0.495
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Ultrafast electron microscopy with femtosecond electron pulses

Dept. of Advanced Nanofabrication, Sanken, Osaka University?

Jinfeng Yang?®®, Yoichi Yoshida?

An innovative relativistic femtosecond-pulsed electron microscope (UEM) was developed by combining a radio-

frequency electron acceleration technology into high-voltage electron microscope. Both spherical and chromatic

aberrations in UEM were integrated. TEM imaging of 40-nm-diamter gold nanoparticles with 3-MeV-energy

femtosecond electron pulses were succeeded.
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Fig 1. Ultrafast electron microscopy using RF
electron gun.
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Pulse radiolysis of resist model solution

Dept. of beam materials science, SANKEN

Kazumasa Okamoto*, Takahiro Kozawa

The development of resist materials for the next generation EUV lithography has been continued. Chemically

amplified resist has been used for the mass-production line of semiconductor devices. However, the detailed

mechanism of acid generation mechanism in the excitation path using ionizing radiation as exposure source has

not been clarified yet. In this study, we investigated the dynamics of excited states of fert-butyl phenyl carbonate

as model of resist resin by using the pulse radiolysis method.

BUE, HEARR S ORE W T, VYT T ¢
Bt SRR 4 B A2 MRS TS WV BT
W5, AR, SEhn R AR L O RE T, Mg
SFRMEUVE IR E T2 EUV U Y 7T 7 4 DiE
AR SN BEY V777 4 THOYLND
LR MEHTIR W T, KV B n b L 72k
D BUV U V777 4 1ZxHETE 2 10nm LA
T OfRGIERE &2 FFOM BB RO b TN D,
S 512 1 nm LA T OfEFEZE(LER) 23K D 51T
WHZENL BT LV TOEAF I 7 ADMR
ANREE L 2> TS,

LRI L O X SR BEEEH & L THN
5N TCW5 EUV LY A MMFEFCH 5, EUV R°F
T#R72 & OEBEBI R LAEER L U2 M T
TEhd e A A MRV ELEHR—L—F
TR OIBERIE Z 5 AR L 2 X MZ
IXERFEAEA & FEIEN D IRIMAINE F TV, &
TSN S 4L, BOT =4 RNAET,
FERY = —ZE TR (T AN ITFF )
MHTa NN Z Y BBOAERESND, —F
TSN L DG A I X R 58 A A 23 b L = 4L
b LLIER Y ~— D ke S OE B
BSG DIC & > TN AERT 5,

EUV {b2RamERi Lo 2 b Tk, A &
JEDOFERZTRMT 52 & TERTIELZHES
L TR SN TV D, BRFAEHI OB EE OB X
V| SRR AT A A ARSI 721 Tl < | 1B

KO BEBEHE LR Y ~ — O hE R AE D> & 2
FEAEFN~DOEFBESUGIE Z 2 bk R B A
DEEAERBEREDRZ 2 DD, DZ OFERIES )
ST,

% T TCARMIZETIR,  IRER tert-7 F VT = = )b
(t-BuPh) 2L 2EHAERI L O 2 R dEF L& LTH
WL BRRAERIZ IG5 2 LT bk 7
TUF U TICONTIHNT, EBRITBKFERF L-
N RTAF w7 DB D26 MeV BTk FEHE
ET DT NN AT U v REEE & W,
T EFORR & LT t-BuPh =F ' ~—FHKD
e AAN(TPS-nHIC K5 7 = F o 7 nElE s
Tz, TPS-nf OEFHHIESIE S FIRHIE Z 572
DX VMR N NETH D, 5l S MEE
DTN,

Reference

1) N. P. Hacker and K. M. Welsh:
Macromolecules 24 (1991) 2137.

2) T. Kozawa et al.: J. Vac. Sci. Technol. 24
(2006) 3055.

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



BERAEVEFOERSH

PERTFAE ARy ¥R RERL 2T 50 B

FABRE . AR

Mutagenesis of autoluminescence seeds

SANKEN (Institute of Industrial and Scientific Research)

Kenji Osabe, Takeharu Nagai

There are many bioluminescent organisms in nature, such as fireflies, bacteria and mushrooms, and the

luminescent proteins from these organisms have been used for bioimaging of plants. We generated

autoluminescent plants by introducing mushroom-derived autoluminescence genes into the plant genome.

However, the current luminescence intensity is insufficient for applications that require high luminescence

intensity, such as bioimaging. In this study, we will irradiate autoluminescent seeds with gamma- and electron

beam to induce random mutations in the genome to identify mutant plants with enhanced luminescence. The

enhanced luminescent plant can be used for improving the spatiotemporal resolution in bioimaging.
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Activation of prodrugs by electron beam irradiation

SANKEN, Osaka University, Japan®, RIKEN, SPring-8 Center, Japan®
Graduate School of Medicine, Osaka University, Japan®

Yasunobu Yamashita®?*,

Yusa Muroya®®, Yoshio Mizuta*®, Yudai Hirai®, Kazumasa Minami®°, Yoshihide Honda?,
Masahiko Koizumi*¢, Tomonao Hosokai®®,

Takayoshi Suzuki®

Prodrugs are intrinsically inactive forms that are converted to active drugs by exogenous or endogenous stimulation

and control the activity of drugs at tumor cells or tissues. In recent years, some reports have been published that

prodrugs were spatio-temporally activated by X-rays." However, the tissue permeability of X-rays is too

insufficient to be clinically applied for targeting deep lesions. Therefore, we thought that radiation that reaches at

deeper tissues is available as a complementary method to X-rays. In this context, we focused on high-energy

electron beams of tens to hundreds MeV which are nanosecond electron pulse (8 nanoseconds) and have superior

properties in terms of tissue penetration and researched the potentials of electron beams for the prodrug activation.

We use a RF linac? or a laser-driven electron acceleration facility as high energy electron beam sources.” In this

study, we have achieved the activation of prodrugs by electron beams in vitro, and we have tested the electron

beam-prodrug activation in cell-based assays and mouse experiments.
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Generation of ultrashort electron beam using photocathode RF gun linac and THz measurement

Dept. of Advanced Nanofabrication, ISIR, Osaka Univ.

K. Kan*, M. Gohdo, J. Yang, and Y. Yoshida

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

as free-electron lasers, terahertz light sources, and pulse radiolysis. In this paper, measurements of laser modulation

for short bunch generation are reported.
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Material modification using low energy electron beam

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

Koichi Kan®*, Akihiro Oshima2b, Yoichi Yoshida?™™, Kazuyuki SatoP, Kenji Adachib

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

accelerator was used at ISIR, Osaka University. It was found that the film surface of the silicon-based material

used in this study is oxidized by radiation due to residual oxygen in the atmosphere, dissolved oxygen in the

material, and atmospheric oxidation after irradiation, and becomes hydrophilic. It was found that this oxide layer

was dissolved in ethyl alcohol, and the surface of the silicon-based material after dissolution was hydrophobic.

In addition, it was found that the cross-linking reaction was progressing between the molecular chains inside the

membrane, and the cross-linking threshold was found to be about 2MGy.
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Fig.1 Functionalization of polymer materials
by low energy and high dose electron beam
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Development of functional materials using y-rays irradiation

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

Koichi Kan?*, Akihiro Oshima@b, Yoichi Yoshida®™*,

Kazuyuki Satob, Kenji Adachib

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

fluorine-based film. As a result of grafting reactions with trapped radicals or peroxy radicals using various
fluorine-based monomers (C6SFA, C6SFMA, C6 olefin, H2pentene, 6FD), it was found that in this system, the
grafting yields hardly differed greatly depending on types of radicals. Agglomerates occurred when the grafted

pellets were molded as raw materials. This is probably because the liquid monomer is difficult to diffuse into the

inside of the pellet, so the graft chains tend to grow on the pellet surface side, and the grafted chains formed a

sea-island structure by self-assembly and phase separation during molding.
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Red, green, and blue radio-luminescent polymer dots
doped with heteroleptic tris-cyclometalated iridium complexes

Dept. of materials excitation chemistry?, Research Laboratory for Quantum Beam ScienceP Institute for
Advanced Co-Creation Studies®

Zuoyue Liu?, Sachiko TojoP, Yasuko Osakada?-¢, Mamoru Fujitsuka?
In this study, we synthesized radioexcitable luminescent polymer dots (P-dots) doped with heteroleptic tris-

cyclometalated iridium complexes that emit red, green, and blue light. We investigated the luminescence properties

of these P-dots under X-ray and electron beam irradiation, revealing their potential as new organic scintillators.

Radiation is widely used in medicine, industry, and
scientific research. For example, it is used in medical
applications such as imaging and radiotherapy. Among
these medical applications, linear accelerators are used
to deliver radiation, including hard X-rays and electron
beams, to visualize and induce cell death in targeted
areas. There is substantial interest in using these
technologies to develop novel imaging and therapeutic
modalities by using photo-functional nanomaterials. In
fact, recent studies have demonstrated the potential
applications of radiation for photodynamic therapy and
optogenetics by using photo-functional materials.
Regarding photo-functional (e.g., radio-luminescent)
nanomaterials  for  photo-induced  therapeutic
applications, scintillators are commonly used as the
light-emitting materials. We and other research groups
have developed radio-luminescent nanomaterials from
inorganic and organic building blocks. For instance, we
previously reported ~500-nm yellow emission from
polymer dots (P-dots) by using hard X-ray irradiation
at a 50-kVp tube voltage with a homoleptic tris-
cyclometalated iridium complex.! However, the
emission color and excitation radiation sources remain

limited; thus, it is crucial to further develop these

materials in terms of the emission color and radiation

source variation. Here, we have developed iridium
complex doped P-dots that emit over a range of
wavelengths and investigated their radioluminescence
by using hard X-ray and an electron beam as excitation
sources.

We synthesized three derivatives of heteroleptic tris-

cyclometalated iridium complexes to develop three
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Figure 1. (a) Schematic of radiation-excited luminescence
from P-dots doped with iridium complexes. (b) Chemical
structures of iridium complexes. (c¢) Photograph of
photoluminescence from P-dot solution under room light and
365-nm UV light irradiation. (d)  Normalized
photoluminescence spectra of P-dot solution excited at 365 nm.
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Figure 2. Hard X-ray excited luminescence of P-dot solutions.
(a) X-ray luminescence image. Scale bar is 5 mm. (b) Image
intensity quantification of water background, Ir-red P-dots, 1r-
green P-dots, and Ir-blue P-dots.
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Figure 3. Hard X-ray excited luminescence of P-dot films. (a)
Brightfield photograph (top) and hard X-ray luminescence
image (bottom). Scale bar is 7 mm. (b) Hard X-ray
luminescence spectra of Ir-red P-dots, Ir-green P-dots, and Ir-
blue P-dots embedded in films.

color variations (red, green, and blue) of iridium
complex doped P-dots (Figure 1a).

We investigated luminescence under radiation
excitation (Figure 2). We placed the samples into a 96-
well plate and irradiated them with hard X-rays (60
kVp tube voltage), whereas we observed the
luminescence with an electron-multiplying charge-
coupled-device (EM-CCD) camera. Hard X-ray beam
was directed perpendicularly to the viewing axis,
resulting in evident nonuniformity in the emission
intensity. We counted the average emission from each
well (Figure 2b). Consistent with the quantum yields of
the samples under UV excitation, the Ir-green and Ir-
blue P-dots exhibited more intense luminescence than
Ir-red P-dots under hard X-ray excitation. We observed
the same tendency for the film samples (Figure 3a). The
hard X-ray luminescence spectra of the film samples
indicate their emission in the red, green, and blue range
(Figure 3b). We also conducted pulse radiolysis studies
to investigate their emission under electron beam

irradiation (Figure 4). We used an electron beam from

Pulse
radiolysis

Normalized intensity (a.u.)

400 450 500 550 600 650
Wavelength (nm)

Figure 4. Luminescence spectra at 0 ns after an electron
pulse with a gate time of 500 ns for Ir-red P-dots (red), Ir-
green P-dots (green), and Ir-blue P-dots (blue).

a linear accelerator (28 MeV) as an excitation source
and the resulting luminescence was detected with a
multichannel spectroscopic detector. We clearly
observed the luminescence spectra during pulse
radiolysis (Figure 4). Under radiation excitation, hard
X-ray and electron beams ionize H20 in a manner that
forms radicals and ionizing electrons. These ionizing
electrons deposit energy into surrounding molecules,
leading to further ionization or excitation, the latter of
which can result in luminescence. These results clearly
indicate that radiation-induced luminescence in visible
light wavelengths from P-dots doped with heteroleptic
tris-cyclometalated iridium complexes.

Reference

1) Y. Osakada: Chem. Commun. 49 (2013), 4319.
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Development on ultra-fast electron measurement by using RF electron gun LINAC

Institute of Laser Engineering @, SankenP

Yasunobu Arikawa?”, Hiroyuki Shiraga?, Koichi KanP

In laser fusion research, pico-second scale ultra-fast time resolution has been required for further understanding

of nuclear fusion burning mechanism. We have been developing the ultra-fast time resolution detector by using

electro optical reaction which has been utilized in SANKEN LINAC facility. In this year we tested newly

developed fiber based optical system for our laser fusion application. We have succeeded to measure an impulse

response of fiber optical system to be 35 ps which is longer than our expectation. By this experimental result we

have improved our detector design.
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Irradiation Effect of Insulating Materials for Fusion Superconducting Magnet
— Temperature Dependence of Mechanical Strength —

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

Yoko Akiyama *, Asato Ohta &

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

four types of insulating materials with different resin compositions was measured at RT, LNT, and LHeT before

and after y-ray irradiation. Based on the results, we evaluated the effect of resin composition on the absorbed dose

dependence and temperature dependence of ILSS, to determine the optimal resin composition in consideration of

mechanical strength at LHeT.
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Void Surface Modification of Porous Organic Salt Crystal

Graduate School of Engineering, Department of Applied Chemistry, Tohnai Lab.

Norimitsu Tohnai, Miki Naruoka, Kouki Oka

We have previously reported porous organic salts (POS) consisting of a disulfonic acid and a bulky
triphenylmethylamine (TPMA) linked by a charge-assisted hydrogen bond. We found that POS is soluble in certain
polar solvents and that the pore surface can be modified by introducing substituents to the phenyl group of TPMA.
In this study, POS was prepared using a TPMA derivative with a vinyl group, and a post-synthesis method was
constructed using the vinyl group exposed on the pore surface as the reaction point. Using this method, we tried
to control the environment of the void surface in POS to control its function.
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Merocyanine Figure 1. Transient absorption
Scheme 1. Chromism of spiropyrane in the triplet spectra at 100 ns upon electron
state to form merocyanine studied in this work. pulsing of spiropyranes in Ar-
. d tol .
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M. Yamaji, S. Tojo, T. Majima and M. Fujitsuka, Mesolysis of an asymmetric diphenyldisulfide radical
anion studied by y-ray and pulsed-electron radiolyses, PhysChemChemPhys, in press.
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120 K TIX=F )L, AV Fa i, tert7FINT IV HN7e 80k
BENTZD, BB TIE tert 7 F LT P HIVDOBNPEFEL TV, 2 |
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CRE ORI TS |
Yokoyama, Y., Isogai, S., Kusuki, K., Tani, A., Nishido, H. (2023) Hydrogen transfer reactions

via organic radicals in gamma-irradiated chibaite. Radiat. Prot. Dosimetry (in review).



[l SR 5] st - i A1)

he={1{3
P

7 20222007

T~V HHABFL——Z2 AW
BHANAL—F— i E AR YT H AT ITADSE

RS o, AP, BRILER D
2 A FHPEANITFERA SRS, b RO PEER AT SE T

T2 A ML —YP—THEER T 2 BICEEBEX Yy VT EBEL, 77~ LY HHRHE S L —YP =R
NWAFNWZ KO ZEDHAF IV AT a—TF5, 7=b ML —WF—DRK X A I T LRE, T
~LVYHBEF L= —DEERC/ LA AR MLV AL SR D 2 L TRFIEDISE DM Z
BH & 2829 5,

e HAEL:R)|

AR O BENENE R DL <X, T TV SO BRI LTI WEBEE TH 5, Ll
RND, EEHANR Ry v 7LV ENT 4 F X — O L — A KR 5 2
ETCHBERIIC LV FHETE LR —NDOEES Y ) THREE SV, ZOXy U TEEIZEST, 7
T~V TR O BRGNS A R 8 D WIS D AR TIEHE 2 OS8R RE LT, v U T
DR AT D, FDT2DIT, KRIRKRFEEER PR JET B ' — LR A JE MR | 3R i ST
WHT T~V HHBF L == 7= A M L—F =L ZlAADE D Z & T, AR v
VT HAF IV A%~ A 7 ahbd—F—lbico TEllT %,

[ERANE]

Tz L ML= —THERY =2 BCEBEX Y VT 2EL. T I VY AHREFL——0
PN ZFNC LD FDEAF IV 2T u—TF5, Txh NL—F—DMREZ A I 7 L. 5
T BT L—F—OWRR/ VA AT MR BLEED 2 & TRFHEOISE RO
ZHH BT 5,

SAEREE, EPEEBINEEAR TH 51k GaAs & IHEEBALEEARTH D Ge, Si X LT, LEROTF
BIZE DI Z 3 L2, GaAs IZBWTIE, 77~ Y LRI L TR E 2D EF v U 7%
FEREISEA> &% ns OIS CRIGIRIEICR S = & 28 L=, ZHUSK L. Ge, SilZHUTIE, %10
ns DA EOBFERE BT 5 8% v U 7EEOWRE | Hus OFFERCHET 5% v U 7RI B L
o Atk SO ORFIEF v U TIC L DB, RSOV T OEREZRFHEZ D 5 2 & T b
R X VT X AT I 7 ZAOFEMEH LT 5,

[RFBR BT R]
ARIEFRFIZEIC LV E LN TZREA RN & LT, 40th International Free Electron Laser
Conference (FEL2022)(Z3\THFFEHF L, Proceedings paper 2352 H X 7=,



[ SRty 8] M e - B 1) P

u

HREE = ¢ 20222017

a

JEEHRRICHEF SN DL FEE~ DRI R sub—F /IR DB IR

SeHilgt a, RFHBAAR e, ER#HEED, I1AGae, KELFMED, MEE Y, PEEHEG
8 RER R FEEFSRFTERE, b RO E R A FE T

ABIFFE I R R (S S 7 12 5eh U SEAT 708k 2 FIUIN L 72 BRIS S8 259 2 I oD Jc i b e A
DA T) = X LFFB D2\ BB O KM g 2 I LAERR S LD OH T 2 Vv D52T DRGS0 R A FEBRAY
BT DIV AEA TH D, AWFFEDORRIC LV | EAHRIRS RS 2 FNS 53¢, DNA 5
EOJKR LD OH 7 VA /VONENINT 5 2 &2 R THH TR LT,

(w52 B Y]
2019 . SEATREGEIING X 2 B MUESZPE O & W 5 8 LOWBIR AR A S hvic, B2 AGD
—DL LT, BB K o THEF SN TALFRER EATRSG O 2R K - THilfa iR ) O H#E58
ZRLTWDHLENRE X HND,0H 7 ¥ B AT 135G Uil kKRN Ak S5 03, #6854 Tk OH
TIOHNART INAE DRt E ST —HRAZD Z LD ZORAEBRIEEI D,

AIFFETIZ, NV A T IF ) T ADFEEZ G, BB PO L > TOH 7o
INENEALT D0 EHRT 5,

[E=HENE]

PEERVEFTRITO LAY RIAF v 7 2O, mAVATOFY VAERE TR oT, F /UL A
TN ay ME— RTTK 28 MeV IZHIE U721 % . KSCN EARDKEHRIZHIST Uz, M) E
(2 600 mT DFATRS & 568 S8 B D K ARA 2388 L, RS B — Al Bl A @Mz B35,
OH 7 U V& HilRE &35 (SCN)2 T & L O R 472 nm OHORINEZRIET 59T, OH 7
CHNDREMEE Uiz, A TIEL, KSCN ERORERFAME, SNV RIAF v 72 Hnice af)
INVAZOF AL FEN LT,
[REARAFFERE]

7F— omt
HELZOH 7V d GIEZEK 112777, 600 mT OFAT ol o
Rasi 2 T 29T, AR Ls, B2 (Dmosnss s>
S '_>“ [ — vo LA
T, B ZICHK T% 0% R L, 0% ez L 33 Tk 5 M
7 27 = G600 mT
o A
AWFZEIL, A THID T, B ORGHIINC X - T, DNA 0 0 100 %oo) 300 400
time(ns
BEOERK LD OH 7V AVOINENHENML TSI L 2xr 1 :0HFYHLD GIHE

U SHATHESGEDIN T ORI OB BIIERNR D A T = X L o

RLFENY AT,
6
4

AWFFED R FIE 2023 4F 4 A (2RI TR S 415, 2nd ICRPT
WCCRETETHD.

0 50 100 150 200 250 300 350 400
time(ns)

X2 : GEO#ENE (%)

rate of increase(%)




	C.pdf
	C3_tojo.pdf
	C7_2022年度_UEM_Yang.pdf
	C9_Okamoto.pdf
	C12_Osabe.pdf
	C-13_Yamashita.pdf

	D.pdf
	D2_kan.pdf
	D3_kan.pdf
	D5_kan.pdf
	D6_houkokusyo_temp_LIU Ir.pdf

	B.pdf
	B2_20230406産研報告書有川安信.pdf
	B3_akiyama.pdf
	B7_藤内.pdf

	拠点まとめ.pdf
	永井_20222006
	中嶋_20222005.pdf
	越水_20221017
	山内_20221005
	山路_20221079
	永石_20222014
	大塚_20221243
	谷_20221241
	川瀬_20222007
	坂田_20222017


