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Preface

Four years have passed since we started our second stage from 2018.

RAP is working to realize the dream of making the invisible visible. The center is pursuing research to push the possibilities
of light to the extreme, in order to allow us to see previously invisible things. For example, attosecond lasers make it possible
to see the movements of electrons, metamaterials are allowing us to manipulate light waves, and we can conduct
environmental monitoring with relativistic geodesy using ultra precision optical lattice clocks and nondestructive inspection
of concrete structures with a compact neutron source. Being able to see objects helps us to understand and manipulate
them. Besides, the work of RAP focuses not merely on making discoveries that will be recognized by the research community,

but also on contributing to society by developing practical applications.

In 2021, we welcomed two young team leaders and “Ultrashort Electron Beam Science RIKEN Hakubi Research Team” (Yuya
Morimoto RIKEN Hakubi Team Leader) and “Ultrafast Coherent Soft X-ray Photonics Research Team” (Eiji J. Takahashi Team
Leader) have launched. In addition, several world-leading outputs have been achieved, such as “Measurement of 300 as
response of a molecule (Attosecond Science Research Team)” , “Large-scale optical measurement of mouse cerebellum
activity (Biotechnological Optics Research Team)” , and “Elucidation of the coronavirus inactivation by ultraviolet light

(Photonics Control Technology Team)” .

Please kindly review the attached report. | would like to take this opportunity to express my gratitude for your continued

advice and assistance.

Katsumi Midorikawa
Director,

RIKEN Center for Advanced Photonics
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Research Subjects

v' Generation and measurement of attosecond pulses
v" Attosecond dynamics in atoms and molecules

v XUV nonlinear optics

v" Ultrashort intense lasers

v" Multiphoton microscopy
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300 attosecond response of a molecule

+ Generation of multi-kinds of fragment ions by irradiating
an attosecond pulse to a polyatomic molecule

+ Observations of interferometric and envelope
autocorrelation traces of an attosecond pulse for three
kinds of fragment ions

« Difference of the response time depending on the
ionization/dissociation process

+ The shortest correlation time of 300 as in the

autocorrelation measurements

Takuya Matsubara, Shinichi Fukahori, Erik Lotstedt, Yasuo Nabekawa, Kaoru
Yamanouchi, and Katusmi Midorikawa, “300 attosecond response of acetylene in two-
photon ionization/dissociation processes," Optica 8 (8) (2021) 1075.




Extreme Photonics Research Group

Attosecond Science Research Team
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Fig.1 Schematic of the
experimental setup
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Fig.3 (a) Fourier spectra of IAC traces (b) Fourier spectra of angular

distributions. Distinct peak at the 7th harmonic frequency for CH* in

both figures indicates the resonant excitation in the
jonization/dissociation process.
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Thanks to the significant progress of laser
technologies, we are now able to resolve the
ultrafast dynamics of matters even in a time scale
of less than 1 fs. The study on this scientific field is
so-called “Attosecond Science’.  High-order
harmonic (HH) pulse generated from an intense
femtosecond laser pulse plays a crucial role in this
field. We have investigated how fast a molecule is
ionized/dissociated with the HH pulses by taking
advantage of the attosecond pulse duration of
the HH pulse.

The two replica HH pulses were focused into a
gas jet of C,H, molecule, and then the fragment
ions of CH*, C+, and H* were detected by using a
velocity mapping ion spectrometer (Fig. 1). We
found  three  kinds of interferometric
autocorrelation (IAC) traces of the HH pulses by
accumulating these fragment yields upon
scanning delay, as shown in Fig. 1(a). By applying
the band pass filter to each IAC trace, we found
the envelope autocorrelation (EAC) trace for each
fragment shown in Fig. 1(b). The correlation
width of the central peak in each EAC trace differs
by each fragment. This is the evidence that the
response time for each fragment yield differ by
each ionization and dissociation process in
attosecond time scale. The correlation time of 300
as of the EAC trace of C* yield is the shortest ever
obtained in the AC measurements. We also found
that resonant excitation process coexisted for the
CH+* fragment yield by Fourier analysis of the IAC
traces (Figs. 3 (a), (b)).
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Fig.2 (a) Interferometnc autocorrelation(IAC) traces of
three kinds of fragment ions (b) Corresponding
envelope autocorrelation (EAC) traces
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Research Subjects

v' Generation of ultrashort pulses and development of ultrafast
spectroscopic methods

v Elucidation and control of molecular dynamics in the condensed
phase by ultrafast spectroscopy

v" Observation and elucidation of molecular dynamics at interfaces
by nonlinear spectroscopy

FAZER SR, Research Output
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A Unified View on Varied Ultrafast Dynamics of the

Primary Process in Microbial Rhodopsins

+ The ultrafast dynamics of the microbial rhodopsins were
studied by femtosecond time-resolved absorption
spectroscopy in a wide pH range

« It was revealed that protonation/deprotonation of the
counterion residue of the retinal chromophore is the
molecular origin of the complicated excited-state
relaxation dynamics in the primary process of microbial
rhodopsins

Reference: C.-F. Chang et al. A unified view on varied ultrafast dynamics of the
primary process in microbial rhodopsins, Angew. Chem. Int. Ed.61,e202111930
(2022). https://doi.org/10.1002/anie.202111930




Extreme Photonics Research Group

Ultrafast Spectroscopy Research Team
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Fig.1 Protein structure of (a) PR and (b) BR. The chemical
structures of the all-trans PRSB chromophore and its counterion
in the Schiff base linkage region are shown at the bottom.!

Microbial rhodopsins are membrane proteins that
capture sunlight to realize various biological
functions. These biological functions are triggered by
the same primary process, i.e., all-trans to 13-cis
photoisomerization of the protonated retinal Schiff
base (PRSB) chromophore. However, the relevant S,
excited-state relaxation dynamics varies significantly
from one rhodopsin to another. To obtain a unified
view of the varied excited-state relaxation dynamics
in different rhodopsins, Ultrafast Spectroscopy
Research Team studied the ultrafast dynamics of
proteorhodopsin  (PR), its D97N mutant, and
bacteriorhodopsin (BR) (Fig. 1) by femtosecond time-
resolved absorption spectroscopy in a wide pH range.
The data showed that the excited-state relaxation
dynamics correlates well with the titration curve of
the counterion residue of the PRSB chromophore in
the ground state (Fig. 2). This result reveals that the
complicated excited-state relaxation dynamics in
different rhodopsins mainly originate from the
difference of the protonation state of the PRSB
counterion in the ground state. Our study provides a
new, unified view of the primary process in microbial
rhodopsins (Fig.3).
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v Relativistic geodesy with optical lattice clocks
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v Development of transportable optical lattice clocks
v Long-term stable operation of optical lattice clocks

Hi3ER SR, Research Output
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(Senior Research Scientist) Development of a vehicle-mounted optical lattice
Masao Takamoto (c) clock for relativistic geodesy
Atsushi Yamaguchi (c)
(Assistant) + Chronometric levelling with cm-level precision

Megumi Kobayashi . .
J / using an on-vehicle clock

« Development of the next generation of compact
optical lattice clocks

« Exploration of relativistic geodesy using optical
lattice clocks compared over a long baseline




Extreme Photonics Research Group

Space-Time Engineering Research Team
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Fig.1 A transportable optical lattice clock installed in a
vehicle. By connecting to an optical fiber to compare with a
distant clock, the height difference between the clocks can
be measured based on general relativity.

The Space-Time Engineering Research Team is
working on the development of a transportable
optical lattice clock for practical applications in
relativistic geodesy. As part of this, the team is
developing a vehicle-mounted clock with 18-digit
accuracy and a next-generation compact clock.
Frequency comparison between the vehicle-
mounted clock (Fig. 1) and the laboratory clock has
demonstrated high-precision geodetic positioning
that can be achieved in a short averaging time
compared to satellite positioning, which achieves
1 cm accuracy in a 24-hour integration (Fig. 2). To
further improve transportability, a next-generation
compact clock with a volume of 250 L (one-
seventh of an existing setup) has been developed.
Such a transportable clock would allow field
measurement of gravitational potential and c¢m-
accurate elevation mapping.

In the future, the on-vehicle clock will be
transported to remote locations and connected to
an optical fiber network for clock comparisons
over a long baseline, with applications in
geophysics, such as monitoring of crustal
deformation caused by plate movement and
volcanic  activity. Further downsizing and
networking of the clocks will also enable the
establishment of an optical lattice clock network
that can be used complementary to the Global
Navigation Satellite System (GNSS) and high-
sensitivity gravimeters.
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Fig.2 Results of a frequency comparison between an on-
vehicle clock and a laboratory clock. Elevation
differences with an uncertainty of centimeters were
measured in an hour averaging time.
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Research Subjects

v Room-temperature telecommunication-wavelength single
photon source

v Electroluminescence devices with extremely low energy
dissipation

v" Optical sensors with novel functionalities

Hi3ER SR, Research Output
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Quantum emission assisted by energy landscape
modification in pentacene-decorated carbon
nanotubes

+ Carbon nanotubes are noncovalently decorated
with nanoscale pentacene particles

« The exciton energies at the decorated site is
loweredextracted from the waveguide facet

» Room-temperature single-photon emission is
demonstrated

Reference: Z. Li, K. Otsuka, D. Yamashita, D. Kozawa, Y. K. Kato, *“Quantum emission
assisted by energy landscape modification in pentacene-decorated carbon
nanotubes,” ACS Photonics 8, 2367 (2021).
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Extreme Photonics Research Group

Quantum Optoelectronics Research Team
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Single-photon sources are a crucial component
for quantum information processing, and carbon
nanotubes (CNTs) have emerged as a promising
candidate. Because of the atomically thin nature,
excitons in CNTs are highly sensitive to the
dielectric environment. Here, by noncovalently
decorating air-suspended CNTs with nanoscale
pentacene particles, we demonstrate a novel
approach to modify the exciton energy landscape
and induce single-photon emission at room
temperature.

Pentacene particles are decorated on individual
CNTs by thermal evaporation, and
photoluminescence excitation (PLE) spectroscopy
is performed. Due to the dielectric screening
effect introduced by the decorated pentacene
particle, the exciton energy at the decorated site
is lowered, which gives rise to redshifted
resonance energies. Excitation power
dependence indicates that enhanced exciton-
exciton annihilation is achieved at the decorated
site. Room-temperature single-photon emission
is demonstrated, suggesting that pentacene
particles are beneficial for stronger photon
antibunching.

— 1 "
s
o ?1.5- =
5 =8, s 1.3F 4 E 3

TIEEERTE  Sora e T

Q8 D8 180 1.9
Emissian anargy (e

08 09 18 1.1
Emission energy {8V}

X1 (k) BEEH—RY T/ Fa1—T O 2 OEMH, X2t EMHmm (h) L&
(B) D7+ MVIRYEYAFRANRY VY 7

Fig.1 (left) Schematic of pentacene decoration onto an air-suspended CNT. PLE maps of an

individual CNT before (middle) and after (right) pentacene decoration, respectively

- ! — " isr —— — -w - -
1 B

o | 89l

- | -'_"i"":“_' -4 gl 1

i1ﬁ1 L & 7 o Pridties

_! | = Dhpcirabis g 2r

i~ Wnaderorsnd o

W e o S0 80 40 20 0 20 40
Excitation powor (1) Tima s

K2 () 74 MRyt BEOE/N\T—&KEE (B) EBRCOE—FREL
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showing single-photon emission at room temperature
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Research Subjects

v" High-intensity single-cycle laser pulse

v" High-power coherent soft x-ray attosecond pulse
v Ultrafast soft x-ray science

v" Next-generation quantum beam sources

Hi3ER SR, Research Output
HAKRSHADT ML —F—% R

s Ve AY—ICKVFATY bOE—THAEE DT
WV AHE 7 RI]

. KIUEHFAH—DEFHIEEFB LT ML A DR
eI |

o T INIVRITKBHEA A =D I F / ININEH

Realization of the world’s most intense attosecond
laser

+ Generation of GW-scale attosecond pulse using a fully
stabilized three-channel optical waveform synthesizer

+ Controlling the attosecond pulses duration via electric
field synthesis of the optical waveform has been
demonstrated

+ Intense attosecond sources pave the way for the
demonstration of novel applications such as optical
imaging, nanofabrication, and nonlinear optics

Bing Xue, Katsumi Midorikawa, and Eiji J. Takahashi, “Gigawatt-class, tabletop,
isolated-attosecond-pulse light source”, Optica 9, 360 (2022).
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Extreme Photonics Research Group

Ultrafast Coherent Soft X-ray Photonics Research Team
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High-order harmonic generation can create
short-pulse light with the attosecond pulse
duration. However, its output energy based on
high-order harmonic generation is very poor,
which has been a major problem to use for real
applications.  Ultrafast coherent soft x-ray
photonics research team has demonstrated
dramatically improve the output energy of
attosecond pulses using the optical waveform
synthesizer.

To increase the output energy of attosecond
pulses, we constructed a harmonic generation
apparatus that combines an “optical waveform
synthesizer”, which is created by precisely
synthesizing femtosecond laser pulses with three
different wavelengths, and a “loose focus method
for scaling up the harmonic energy”.

As a result, we succeeded in developing an
intense attosecond pulse light source with a
pulse duration of 226 as, pulse energy of 0.24 uJ,
and peak power of 1.1 GW (Figs 1 and 2). At the
same time, we also demonstrated controlling the
pulse duration of the attosecond pulse by
preciously controlling the electric field of the
optical waveform synthesizer.

B
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LT TPy T

DESNIEHBFANRY bOY S L (b) BEELABFANRNI bOY S L

Fig.1 (a) Experimental obtained streaking trace and (b) trace retrieved using FROG-CRAB with the PCGP algorithm
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Fig.2 (a) Retrieved results for the pulse duration and phase of the isolated attosecond pulse and (b) the experimentally

measured photoelectron spectrum and the retrieved spectrum
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RIKEN Hakubi Team Leader v’ Attosecond control of electron beams

PN ?’ﬁ"‘lﬁ Ph.D. v Ultrafast electron-beam imaging of chemical reactions
Yuya Morimoto, ph.D. v" Control of collisional processes using coherent electron beams
v' Development of ultrashort and intense infrared laser pulses and

their applications

HAZEM R Research Output
FY2021 Core Members
(FYREV ) J27 1 VRABOEEERE
T IR BALFZIR

(Assistant)

Miyuki Matsushita (9 . ERERTA I L—F— VR TREE NS5 T T VR

DOBEREFH AT I 7 ACDWNTDEFHRIAZE

© AFEEREBEEEDHZRT LIV THSHIC

o INIVABFRITKDRERFILNIVEESGRA A—I VT OEE M
% SREE

Ultrafast electronic dynamics in graphene

« Theoretical investigation of ultrafast electron dynamics in
graphene excited by a strong few-cycle laser pulse

+ Atomic-scale images of light-driven residual current and
charge density

« Demonstration of the importance of atomic-level imaging

with ultrashort electron pulses

Yuya Morimoto, Yasushi Shinohara, Kenichi L. Ishikawa, and Peter Hommelhoff,
“Atomic real-space perspective of light-field-driven currents in graphene, ” New
Journal of Physics 24, 033051 (2022).
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Extreme Photonics Research Group

Ultrashort Electron Beam Science RIKEN Hakubi Research Team

SHE#O MRS LB A T8 2 AR D
12&LT. REANVY - ILY bOZT AHER
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DEESHMNTHEY E Lic, XAEHOIREAR (RYH
m) HE (EK) . #t (BR) . WIThDIFETDH.
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A &E L, Bl B A7)V ——/UL AR
FHICKBDTZ T VHRDEFEEDHEDELZRAN
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B) DEBEFRENMDEN. BFTLHL—HY—58EIC
HLTIRMTAIENRREINT Lc, HAlE. &
AENfiRE 2. @REL—TF—Ic@ieEnhicoE
RECHERT B EMEmTITE Lice AMATRIE. EF
BAFTZIURERFILANIVTCERAT BT ET, e
MEOHEEERICAT 22 DEHRIMESN. TL

T RNV ABFIRZBOCRBREAHDEE
ThsdLERLE LT

+
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Fig.1 Vectorial real-space images of the light-field-induced
residual currents in graphene. (a)x-polarization. (b)y-
polarization

Petahertz electronics is an emerging technology
that can significantly improve the speed of
computation. The goal of this research field is to
control the properties of matter (e.g., electrical
conductivity and  magnetism) at optical
frequencies. Further development of petahertz
electronics requires an understanding of its
fundamental physics, i.e., the ultrafast interaction
of light and matter at atomic level. In
collaboration with the University of Tokyo and
the University of Erlangen-Nuremberg, we have
theoretically investigated how electrons in
graphene, a typical material in petahertz
electronics, respond to intense few-cycle laser
pulses.

We used a unique theoretical model based on
the tight-binding approximation and the
semiconductor Bloch equation. Figure 1 shows
the microscopic maps of the residual currents
induced by few-cycle pulses. Regardless of the
laser polarization direction, e.g., horizontal (left
panel) or vertical (right panel), the current flows
mainly through the bonds parallel to the
polarization direction. Furthermore, we found
that the charge density between atoms (B in Fig.
2) after the excitation oscillates with the
excitation laser field amplitude. The observed
oscillation was attributed to the strong-field-
driven Rabi oscillation. This theoretical study
showed that electron dynamics occurring at the
atomic level contains rich information about the
light and matter interaction, which is the basis of
petahertz electronics, and facilitates future
experimental works using pulsed electron beams.
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Fig.2 Changes of the real-space charge densities after the few-

2RTTH

cycle laser excitation (a) Two-dimensional image (b) Laser-
induced change of charge density at B
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i BHEE  memt v" Development of super-resolution live imaging microscopy
=

Akihiko Nakano. b.sci v Molecular mechanisms of intracellular membrane trafficking

Hi3ER SR, Research Output
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FY2021 Core Members
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AZARTA LZT VT4 Visualization of cargo sorting zones in trans-Golgi
(7Y ARV L) FaEET network

(Senior Research Scientist) « Sorting of cargo proteins in trans-Golgi network (TGN)

Kazuo Kurokawa, Takuro Tojima has been visualized for the first time
(Research Scientist) . . . . .
Natsuko Jin Presence of distinct sorting zones in a single TGN for

(Postdoctoral Researcher) transport to the plasma membrane and vacuole has

Wataru Yamamoto
. n monstr
(Special Postdoctoral Researcher) been demonstrated
Daisuke Miyashiro
(Technical Staff) Reference:. Shimizu, Y., Takagi, J., Ito, E., Ito, Y., Ebine, K, Komatsu, Y., Goto,Y., Sato,
Kurniko Ishii Miho W M., Toyooka, K., Ueda, T., Kurokawa, K., Uemura, T., and Nakano, A.: “Cargo sorting
l.J ! O.S I, Miho Yvaga, zones in the trans-Golgi network visualized by super-resolution confocal live
Hideo Hirukawa imaging microscopy in plants”, Nat. Commun. 12, 1901 (2021).
(Research Part-time Worker)
Kalai Madhi Muniandy
(Assistant)
Makiko Toya
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Live Cell Super-Resolution Imaging Research Team

Subwavelength Photonics Research Group

INRETH LS ARSI TRE2 >V /INTE]
& JIVIVERIGEIN TERZZ &, ~Z >
AL (TGN) NEZIFEENE T, TGNIE
TETELGBER V/INVEEADITT. ThEh
HMEI K NEHFLRE,HEREN O&RR G £ D BRI
XYHIE GER) T MBEAZ /N BEix
BEED"NT"E LTEERKREEZE>TVET,
LbL'mNﬁ£®$5‘LTE#%Em%«?

SNBEEZ2 I\ BERERFICGER LTWVSH
Mﬁﬁo?miﬂhTLto

SEl. BKERE KEREVY—FT7VII
15 S5k ARENRBICAEL: HEREHR
HEOFEMEE Y R T LSCLIMER W, Yo
TGNICTETET % MRS 5 W IERREEICEHRX &
NZBERV/INVE] & [TEEOERZE S HE
2VINVE] OFHAGRELERTERLE L
ZOFER, MHRERED D WILRBENE X T NS
BEYINTEDZENHFLLIEY —VHE—D
TGNEICHBELTEET AT EZFIFALE LT,

(AP-1)

(AP-4)

IRFP-SYP&1
(TGN)

AP1MZ-mAFP

APAM-GFP

"Cargo proteins" newly synthesized in the
endoplasmic reticulum are transported to the Golgi
apparatus for modification, and then passed to the
trans-Golgi network (TGN), which sorts the various
cargo proteins and delivers them to their
destinations, such as the plasma membrane/
extracellular space or vacuole where they function.
TGN plays an important role as the "hub" of
intracellular protein traffic pathways. However, it
was not known how TGN sorts cargo proteins for
different destinations at the same time.

In this study, Yutaro Shimizu (Junior Research
Associate) and his colleagues observed the detailed
localization and dynamics of "cargo proteins to be
transported to the plasma membrane or vacuole
membrane" and "coat proteins responsible for cargo
sorting" in the TGN of plant cells using SCLIM, the
high-speed  and  super-resolution  confocal
microscopy system developed in the laboratory. The
results demonstrate that there are separate zones
on a single TGN that are dedicated to sorting cargo
proteins to the plasma membrane or vacuole
membrane.

X1 MEREEADEXEEES VY —> (AP-1Tafb. <€ %)
CRENDEIEEIES Y —> (AP-4TH#R{b. &E) H. BH—

TGNLE k&) IR L THEET S

Fig.1 Zones responsible for transport to the plasma membrane

(visualized by AP-1, magenta) and to the vacuole (visualized by

merge AP-4, yellow) exist independently on a single TGN (light blue)
Grid: 8.45 pm
GFP-SYP61 TagRFP-VAMP727 iRFP-VAMP721 iRFP-VAMP721
(TGN) (vacuolar cargo) (PM cargo) TagRFP-VAMP727 merge

TRRERENEIE E NS TERVAMP727, MlIBIRE\EE &

iRFP) ZAWTRIRME LT, RIEEANEE S NS REHEVAMP727 (?t

& 1T pum,

Fig.2 Localization on the TGN of cargo proteins transported to different destinations. SYP61 (TGN marker), VAMP727 (cargo transported to

the vacuolar membrane), and VAMP721(cargo transported to the plasma membrane PM) were visualized using different fluorescent proteins
(GFP, TagRFP, and iRFP). Vacuolar cargo VAMP727 (magenta) and PM cargo VAMP721 (light blue) were localized separately on a single TGN

(yellow). Scale bar, 1 um

X2 2752 BRHINEX TN SR 2 2/ NV BEDTGN ETDEE, TGNZRTSYP61,
BDREFEVAMPT21%, TNEZNRGBEHNSZ Y /\UE (GFP. TagRFP,
VAR) ERERERANEE S NBEEVAMP721 OKB) & B—DTGN (&®) ETHBELTREL. X7 —Ib/\—
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(Technical Staff)
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Research Subjects

v' Structure-function relationships of fluorescent protein chromophores
v Interplay between ambient light and organisms

v Ultra-fast observation of swimming behavior of micro-organisms
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Subwavelength Photonics Research Group

Biotechnological Optics Research Team

BlCiE TRL>ZIVA] EMENS T EDL
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BN EWDSIDDERAHVET, EBE54
WEMZE > T/ IRO—E Z BRANTAERICE DN
ARG T . £ I C. FHEAROEEZ D KRIS
TR%Z &EHTESyellow cameleon2.60
(YC2.60) RV A ZFEW, NEEZACE
AR L LT, MEROHRZTNTNRIELIZE
ZA. WINDOBELNREATRIGLTWS T
EDDOOIE Lz, IRTRADNEEDRSZE F
EDHTNRA XHEE CHRENITEIELfcE T A, &£
ZOOEBEORIBENIAZHE TESD T EHDH
DELlce UEDRERHN L. NHDEENTLET
REANERLTWSZELBESHERY LI

—

FEER-rERRo "L
Pririlicd il Ficisacihen FUES0

Bnder and Eldined 1952

Have you ever heard of the homunculus—a
small human being—in your brain? When you
stimulate your skin, the incoming signals are
transmitted to the brain as neuronal pulses. If you
were to map out the pulses on the cerebral cortex,
the same order as these parts are laid out in the
body. That is, you get a map as if there is a small
human in the brain. The sensory inputs also reach
the cerebellum, which is involved in motor
control. Do you think there is also a homunculus
in the cerebellum?

To investigate how the cerebellum responds to
sensory inputs, we used genetically engineered
yellow cameleon2.60-expressing mice, whose
neuronal activity can be monitored optically. This
technique showed that the entire cerebellum
responds to stimuli coming from all limbs. Using
a statistical method called Bayesian inference, we
dug deeper to see if it was possible to distinguish
where the inputs came from by analyzing the
entire activated cerebellum. We found that we
can in fact tell exactly where each stimulus
originated. We therefore concluded that the
cerebellum's activity as a whole represents
sensory input.

X1/Fig.1 KEXE K U/ B DB B IR R ER
B2/Fig.2 X7 RNBARBDKIRIEA X —
Iy

A, YQ260HRT U ADNHEEEAIE
BODAA=IVYT

B. MEEOEHAIERICERRIEEMA
TeBSICE T\ B DR
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(Senior Research Scientist)

Shin Yoshizawa, Takashi Michikawa,
Shigeho Noda
(Special Temporary Research Scientist)
Satoshi Oota
(Research Scientist)

Satoko Takemoto, Norio Yamashita,
Masahiko Morita, Zhe Sun
(Technical Staff)

Yuki Tsujimura, Sakiko Nakamura,
Masaomi Nishimura, Hideo Hirukawa
(Assistant) Akiyo Takana, Kumi lwasaki
(Research Part-timer)

Yukimi Murakami
(Visiting Scientist)

Shintaro Oyama, Kazuaki Fukasaku,
Kazuhiro Fujisaki, Naomichi Furushiro,
Suguru Miyagawa
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Research Subjects

v' Development of algorithms for image processing

v' Development of image processing systems

v" Construction of instrumentation system for bio-research
data creation

HAZEM R Research Output
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Extraction and analysis of 3D microstructure of
steel using image processing technology

+ Development of extraction and analysis
methods of the microstructure of the steel.

+ Microstructure observation by optical
microscope images and SEM images using
image registration.

Reference:

1.R. Suzumura, N. Yamashita, T. Michikawa, S. Morita, M. Inomoto, Y. Okazaki, and H.
Yokota, "3D Shape Evaluation of Martensite-Austenite Constituents in High Tensile Steel
using a 3D Internal Structure Microscope”, Material Research Meeting 2021.

2, T. Michikawa, S. Yoshizawa, N. Yamashita, T. Hara, M. Inomoto, Y. Okazaki, and H. Yokota,
“Image registration of steel images acquired by optical microscope and SEM using phase-
only correlation”, Material Research Meeting 2021
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Subwavelength Photonics Research Group

Image Processing Research Team

HF— LTI, SR ZRETRIL. TOMEE
BENFEMRCTIRRE T AT LZRYIRT T LITK Y,
MRREBDIRTTEEZ BRI 5 AT L(Fig. 1) =
LTWEY, BRLICERMMEOBERE®RD S, Wi
BIEZ IS 2 Tcd DEGNERMZRFELE LT

(1) BRR<IVT YA F Dt

EIR<IVT A bk (Martensite-Austenite(M-A)
constituent) & 1&. SEIM R DEAFELR | IRN S HEEAE
mCHY. IEETOERTHA I EHNHMENTVE
T HF LTI HHFEERWNRERNEBED
T FETHBU-Netx B FEM-AMEFEERFELEL
fz(Fig.2) . A—HERERH SER LIz DB
DITEERD S, DEFZHEEL CHEEDITZEBLE
T, HMEBEREBBY 5T & TM-ADIDISREHHET
E. TAXNY FEREBEBRODHEE LWV ER
WHETEBELSITHEY E L(Fig. 3)s 7ANRY bl
B ZaL—YaVIcBIBEELR/INTA—R2TH
V. SREELICEINL LI (Ref. 1),
(2)YtFEEHEEER & SEMER DB & H Rt

B CRE LI FIBMEE S SEMTR—FmA 8%
Lz B B OEIZRICEIR T B FE(Ref. 2) & BIF
LE L. INSOERESRISIRTRENRLZ S8,
HEEGRORIEEHNKRELCEDY ., IBGHOEHEEH
TY, BEFEIF. MIEEDOEFED—DTHASAME
PBREZEZEN—XIC, FERO|EICL > TEEMICAIE
EhEEHAETEL T (Fig.4), F—EBFERERE
TERLEERE/RTENTES RS, LUZAN
MR\ OFBHRFCEE T,

BIEF | AR, AERFRERIERM - 1/ X—2 3

VRBOEERNA /RN— 3 VA TOT S L (SIP)
R ERMRIBER Y AT LI LD T 7 )VES]
(BEEAN D JST) K> TEEETNE LT

Fig.1 3D internal structure microscope
(3D-ISM).

Fig.3 3D analysis of M-As colored by connected
components(left) and aspect ratio(right).

Our team developed a serial sectioning system for steel
by repetitive precision cutting and optical imaging (Fig.
1). We also developed image processing techniques for
extracting and analyzing the microstructure of the steel
from the acquired images.

(1) Extraction of martensite-austenite(M-A) constituent
M-A is a microstructure that appears in the heat-
affected zone of the steel, and it is known that it causes
low toughness. We developed an M-A extraction system
using U-Net, a popular ML-based segmentation
method(Fig. 2). Our system extracts M-As from a few
training images created by the users. 3D M-As can be
obtained by stacking 2D results and we can compute
descriptors of the M-As such as distribution of aspect
ratio and directions (Fig. 3). The aspect ratios are
important parameters of manufacturing simulation, and
the results will contribute to the improvement of the
characteristics simulation (Ref. 1).

(2) Image registration of microscope and SEM images

We developed a method for converting an optical
microscope image and an SEM image into a common
coordinate system (Ref. 2). Since each image is acquired
by a different principle, their appearances are different
and difficult to align. We combined a voting strategy
with an image registration by phase-only correlation for
stable alignment (Fig. 4). The results integrate material
information acquired by different principles and will
contribute to advanced materials analysis.

This work was supported by Council for Science,
Technology and Innovation(CSTI), Cross-ministerial
Strategic Innovation Promotion Program (SIP), “Materials
Integration for revolutionary design system of structural
materials”(Funding agency:JST).

Yo —— L T s
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Fig.4 Image registration of SEM and
microscope images.
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(Senior Research Scientist)
Norihiko Hayazawa (c)
(Postdoctoral Researcher)
Maria Vanessa Balois Oguchi,
Bikas Ranjan,
Shun Hashiyada,
Cheng-Hung Chu,
Maria Herminia Marallag Balgos
(Technical Staff)
Takeshi Yamaguchi
(Assistant)
Yi-Jung Liang
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Research Subjects

v" Novel metamaterials such as 3D metamaterials and perfect absorbers

v Infra-red spectroscopy using metamaterials for ultra-sensitive
detection and identification of molecules and single molecule analysis

v" Alternative materials for tunable metamaterials

v" Tip-enhanced spectroscopy in the visible and THz regime
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High aspect ratio plasmonic metamaterial for gas
sensor

+ Developed a fabrication process for vertically oriented
metal-insulator-metal (MIM) plasmonic metamaterial
structure with a tens of nanometer gap and a high
aspect ratio

« Proposed a prototype of sealed gas cell which can
reduce the background influence from analyte gas

+ Obtained the Fano resonance signal produced by the
mutual coupling of the plasmonic resonance in the
high aspect ratio metamaterial and the butane
molecular vibration mode
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Fig.1 (@) Schematic diagram of the fabrication procedure for

vertical oriented MIM metamaterials structure. The fabrication
procedure is carried out by using EB lithography, EB oblique
deposition system, and ICP-RIE. (b)-(c) SEM images the
structure at each step (b) Si stripes template (c) the structure
obtained after Au/SiO,/Au multi-layers deposition (d) the
structure obtained after removing top layers (e) high-aspect
ratio MIM metamaterial nanostructures

The vertically oriented metal-insulator-metal
(MIM) metamaterial could offer large trenchlike
hot spot region to maximize plasmonic-molecular
coupling. We developed a new fabrication
procedure for high aspect ratio MIM metamaterial
structures consisting of e-beam lithography,
oblique angle deposition, and reactive ion
etching (RIE), shown in Fig. 1(a). Figs. 1(b-e) show
the SEM images of corresponding structures at
different steps. The MIM nanostructures attached
on the sidewall of the Si stripes are obtained. The
height of MIM nanostructure is determined by
the trench depth and deposition angle. The gap
between two vertical Au nano-walls is controlled
by the deposition parameters with nm accuracy.

The optical response of butane with MIM
nanostructures is measured by Fourier-transform
infrared spectroscopy in transmission mode,
shown in Fig. 2. The home-made gas cell is used
to reduce the background influence. The
coupling spectrum exhibits a typical Fano-like
shape, originating from the interference between
channel plasmon polaritons mode and butane
molecular vibration mode.
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Fig.2 Transmittance spectra of MIM (period: 2.5 um, linewidth:
1.6 um) in a low concentration butane environment under a x-
polarized mode excitation. The inset shows the optical length
in home-made gas cell. The transmittance spectra after 25
minutes is also shown and it shows almost the same as the
original.
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Research Subjects

v" Development of laser-based 3D micro and nanoprocessing and
application for fabrication of micro and nanodevices

v Development of high quality, high efficiency, high resolution
processing based on beam shaping techniques

v Nanomaterials synthesis and surface nanostructuring by ultrafast
lasers

v Elucidation of laser and matter interactions

HAZEM R Research Output
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High-quality and high-efficiency laser ablation of
silicon using BiBurst mode femtosecond laser pulses

 BiBurst mode femtosecond laser ablation process using
multiple bursts at a high repetition rate (MHz), each
containing multiple intra-pulses at an ultrafast repetition rate
(GHz), was developed

+ BiBurst mode demonstrated high-quality ablation of silicon
due to suppression of air ionization induced by intense
ultrashort laser pulses

 BiBurst mode achieved 23 times larger ablation speed in
volume compared with conventional single mode ablation
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Figure 1 SEM images of ablated spots on silicon surfaces
with different configurations: (a) Conventional scheme
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(single-mode) and (b) BiBurst mode

Ablation using burst-mode femtosecond laser which
is composed of femtosecond laser pulse trains (intra-
pulses) at ultra-high repetition rates in the range of
GHz is expected to realize high quality, high efficiency
processing that cannot be achieved by conventional
femtosecond laser ablation.

In this study, we have demonstrated high-quality,
high-efficiency ablation of single-crystalline silicon
using a BiBurst mode, which consists of multiple bursts
at a repetition rate in MHz, each containing multiple
intra-pulses at an ultrafast repetition rate in GHz. In the
BiBurst mode, a single femtosecond laser pulse is
divided into multiple intra-pulses in the burst, which
are irradiated at an ultra-high repetition rate to
precisely control energy deposition on silicon. As a
result, not only ablation quality can be significantly
improved (Fig. 1), but also ablation efficiency can be
drastically increased (Fig. 2) as compared with a
conventional femtosecond laser irradiation scheme
(single mode). In particular, significantly smaller intra-
pulse energy in the Burst can eliminate air ionization
induced when the pulse energy exceeds a critical value.
Consequently, the BiBurst mode enables us to input
larger total pulse energy to the silicon, resulting in
achievement of approximately 23 times higher ablation
speed than the conventional single-mode. Thus, BiBurst
mode ablation is expected to be a novel laser
processing method that can provide high throughput
while maintaining high-quality processing.
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Figure 2 Dependence of ablated volume on the packet energy
(total pulse energy) for different BiBurst mode configurations.
(Number of MHz burst pulses = 5, Number of Intra-pulses in GHz
burst =1 (single-mode), 2, 5, 10, 15, and 20)
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Research Subjects
v High-output, frequency-agile, ultra-widely tunable
THz-wave sources
v High-sensitive THz-wave detection
v THz-wave applications using frequency-agile THz-wave sources
v' THz spectroscopic database

Hi3ER SR, Research Output
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Optical up-conversion-based detection and
cross-correlation characterization of
sub-nanosecond THz-wave pulses

+ Sensitive THz-wave detection by
nonlinear optical wavelength conversion

« Accurate characterization of sub-nanosecond
THz-wave pulse width by intensity cross-correlation
between near-infrared laser and THz-wave pulses

Reference: Takida, Y., Nawata, K., Notake, T., Otsuji, T., and Minamide, H.:

"Optical up-conversion-based cross-correlation for characterization of
sub-nanosecond terahertz-wave pulses”, Opt. Express 30, 11217 (2022).
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Fig.1 Schematic of the experimental setup. We performed
the intensity cross-correlation by measuring the Idler
intensity as a function of delay time between near-infrared
pump and THz-wave pulses.

High-speed electronic devices for the Terahertz
(THz)-wave region have been developing in recent
years. However, it is still difficult to characterize the
temporal profile of sub-nanosecond THz-wave
pulses using electronic devices because of the
complex nonlinearities due to high-peak-power
THz-wave pulses. In this work, we demonstrate an
optical cross-correlation technique based on
nonlinear optical frequency up-conversion in
MgO:LN crystal for the sensitive detection and
accurate characterization of sub-nanosecond THz-
wave pulses, as shown schematically in Fig. 1.

We measured the intensity cross-correlation
between near-infrared pump pulses and THz-wave
pulses from an injection-seeded THz-wave
parametric generator (is-TPG). Fig. 2(a) shows the
measured cross-correlation trace at 1.0 THz in the
non-amplification region of the up-conversion
process. From a Gaussian fitting of this trace, the
THz-wave pulse width was derived to be 161 ps at
FWHM. Fig. 2(b) shows the measured frequency
dependence of the THz-wave pulse width of the
sub-ns is-TPG. We revealed for the first time that the
THz-wave pulse width of the sub-ns is-TPG is
slightly frequency-dependent while tuning the THz-
wave frequency. This cross-correlation technique
provides more reliable results compared with the
current high-speed electronic THz-wave detectors.
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Fig.2 (a) Measured intensity cross-correlation trace for 1.0-
THz pulse (b) Measured THz-wave pulse width at FWHM as a
function of is-TPG frequency
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Research Subjects

v" Terahertz spectroscopy of polymers and the control of molecular
structures and functions

v Development of high-sensitivity superconducting detectors for CMB
polarization observations

v" Applications of terahertz sensing and imaging

v Development of ultrafast and ultra-broadband optical-pump
terahertz-probe systems and its applications

HZZR R, Research Output
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Development of Terahertz walk-through body
scanner using 300 GHz FM-CW radar

« Development of terahertz walk-through body

scanner for safety and security

« We are developing the frequency-modulated
continuous wave (FMCW) imaging method around
300 GHz band

« Imaging of objects hidden in clothing was

performed

Reference: C. Otani, T. Ikari, Y. Sasaki. “Development of 300 GHz walk-through body
scanner for the security gate applications”, Proc. SPIE, 11827, 11927N (2021).
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TINIVY A A=D 2V THRETF — LDERRFER Dr. Yoshiaki Sasaki and his colleagues in Terahertz
BSlE. b« BRICET AARME LT 72 Sensing and Imaging Research Team have succeeded
IWRERBWE D+ — 7 RAIV—RT 14 AFvF—0D7 to develop a prototype of a walk-through body
Oh2ATHREICHHLE L., TOVATLIE. T scanner using terahertz wave. It aims to realize real-
INIVYHDBRIFEHEAE S RN EEEER L. D time inspection at normal speed (about 4 km/h) by
D, E=LRXF ¥ E&300 GHzHESUK B R EEH combining beam scanning and a 300 GHz continuous

(FMCW) AREHIELEDET (K1) ( BE wave frequency modulation (FMCW) technique. It will
RE (KR4 km) TEBT STV 4+—7 XIL—DIK consist of multiple units stacked top to bottom and
RRTCOVTIVEZALREZRIATAZLEBRELTV left to right as shown in Fig. 1, and each unit consists
£9. 2DV AT LIFHIRAEGICERE ENIEHD of a frequency-tunable transmitter and a heterodyne
1=y b THERTSCEEBELTEY (H2) ( & receiver with the optical system (Fig. 2). Fig. 3 shows
1=y FRICEREIREIYEIR - NTO2 1 VIEKEs - 3D images of a pedestrian holding a hazardous
HERDNBEINE T, SERRELLTO 21071 material hidden under his clothing. Thus, they have
1A=y bOEEZRBLELLDOTT (K3) . shown that the use of terahertz wave can realize the
ZO70Ob2A TERWNTEONIEKRIR T OREEKR inspection of hidden hazardous material with a normal
MEERARLET, TDOLIIC. TINILYHD walking speed and without interrupting the flow of
FMAIKKY ., HFTEORNZESZ EHCEINERE pedestrians.
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Fig.1 Concept of 3D real-time imaging using terahertz wave Fig.2 Diagram of a gate system combining multiple units

w/o material ; with material

Illumination beam
g4

_’f;— B “w‘K
- 5

Detection spot

Illumination optics

il -:.:
Polygon mirror 3._-:-.;;_-'.

Beam splitter

FPGA | \/
\}nal from gate sensor

E3 1201w b DEEBLZZADIERKE M4 (&) KERTFICEERSGZ AN/ Ny V&R LS IIFEDRBES & IEE
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the prototype Fig.4 (Top) Experimental view and acquired terahertz images of a fake gun in a bag

hidden under clothing. (Bottom) Hand in the pocket without and with a fake gun
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Research Subjects

v Development toward room temperature operation of THz-QCLs

v' Development of watt-class high-power THz-QCLs

v" Research toward realizing unexplored-frequency THz/IR QCL using
nitride semiconductors

v' Development of surface emitting THz-QCL
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Tomoko Sato Development of high power and high temperature
operation terahertz quantum cascade laser (THz-
QCL)

- Proposal of high temperature operation THz-QCL
demonstrating 340K lasing operation by calculation

+ Realization of high power THz-QCL by doping
control

« First demonstration of room temperature optical
gain in ZnO/ZnMgO THz-QCL by analysis
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Terahertz quantum-cascade laser (THz-QCL) is
promising as an advanced THz laser source with
small size, high output power and narrow
emission linewidth, and are expected for wide
variety of applications. We are researching on
higher operation temperature and output power
THz-QCL by introducing novel scheme quantum
cascade structures.

This fiscal year, we demonstrated analytically
that the sufficient optical gain of THz-QCL can be
obtained even above room temperature by
introducing the “isolated three-level scheme” in
the cascade structure. We demonstrated that the
maximum operation temperature is higher than
340K for GaAs/AlGaAs THz-QCL with frequency
range of 3-4 THz. By reducing a parasitic current
leakage of a THz-QCL, we achieved the
maximum operating temperature over 200K. In
addition, we demonstrated the significant
enhancement of output power of THz-QCL is
obtained by introducing relatively high-doping
level injection layers. We achieved 1.6 times
higher out put power by taking into account the
band-bending effect of doping in the quantum
cascade structure.
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Fig.1 Analysis of high-temperature cparation (>-300K) of 3 Gats-barsed THZ-CCL and demconstration of lasing opseration over 200K
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(Senior Research Scientist)
Kiwamu Kase, Norihito Saito,
Takafumi Sassa, Tomoki Matsuyama (c)
(Research Scientist)
Takayo Ogawa, Masaki Yumoto,
Katsushi Fujii, Masayuki Murayama (c),
Takeharu Murakami, Kentaro Miyata,
Masato Otagiri
(Postdoctoral Researcher)
Yoshito Ishiki
(Technical Staff)
Michio Sakashita, Katsuhiko Tsuno (c),
Kei Taneishi, Yukinori Kunimoto,
Yasushi Kawata, Toshihiro Okashita,
Kei Morishita, Saki Miyajima, Yoko Ono,
Takeshi Matsumoto
(Assistant)
Hiroko Watanabe, Manami Nonomura,
Rikako Suzuki
(Part-time Worker)
Daichi Matsui, Junko Nakagawa,
Miyuki Nara, Katsunori Kita,
Tamiko Usui, Isamu Takachi,
Yoko Uematsu, Kazuki Koike
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Research Subjects

v Development of trace gas remote-sensing system with mid-infrared
laser

v" Development of infrastructure measurement system with laser
remote-sensing system

v' Research of renewable energy using solar light

v" Generation of ultraslow muon with vacuum ultraviolet laser

v" Application to biomedical, agricultural, and industrial measurement
using lasers and photoacoustic wave

Hi3ER SR, Research Output
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Non-destructive mid-IR spectroscopy with quantum
cascade laser can detect C,H, gas released from plant
in real time

+ Ultra-low C,H, detection limit (sub-ppb level)

+ Non-destructive and real-time monitoring of C;H,
released from plant

« Visualisation of C,H, dynamics in plant environmental
response
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Photonies Control Technology Team
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Plants generate various phytohormones and substances
in their tissues and organs at all growth stages, and their
expression can change in response to infectious diseases.
Ethylene (C,H,) is the lightest gaseous phytohormone. It is
involved in many functions, such as leaf and flower
senescence, promotion of seed germination and flowering,
and softening and ripening of fruit. Non-destructive and in-
situ gas sampling technology to detect trace C2H4 released
from plants in real time would be attractive for visualising
the ageing, ripening, and defence reactions of plants.

In this study, we developed a C;H, detection system with
a detection limit of 0.8 ppb (30) using laser absorption
spectroscopy. The C2H4 detection system consists of a mid-
infrared quantum cascade laser oscillated at 10.5 um, a
multi-pass gas cell, a mid-IR photodetector, and a gas
sampling system. Using non-destructive and in-situ gas
sampling, while maintaining the internal pressure of the
multi-pass gas cell at low pressure, the change in trace C;H,
concentration released from apples can be observed in real
time. We succeeded in observing C,H, concentration
changes with a time resolution of 1 s, while changing the
atmospheric gas and surface temperature of apples from
the ‘Fuji’ cultivar. This technique allows the visualisation of
detailed C,H, dynamics in plant environmental response,
which may be promising for further progress in plant
physiology, agriculture, and food science.
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(a) Schematic diagram of the C,H, detection system. In-situ gas sampling with (b) the atmospheric CO, concentration change
and (c) the surface temperature change. Real-time detection of C,H, released from apples with (d) CO, concentration change

and (e) the temperature change the of apple surface

33



e BT HE AR BA S AE

el F R BHHETS — L

-

F—AY —A&— / Team Leader
LB B mLre
Yutaka Yamagata, D.Eng.

FY2021 Core Members

(LERRE) HE =6
(BEHRE) BHE HR, BEEBZ. &
(IN}zEnce)

(EfREIEE) M $ht
(ARE) FAGLR. BEEF
(EREMFRRARE) T 18
(T ARV ) BB AT

(Senior Research Scientist)

Koichiro Shirota, Yusuke Tajima,
Yoshiyuki Takizawa, Takuya
Hosobata,

(Research Scientist) Hiroyoshi Aoki,

Noboru Ebizuka

(Special Postdoctoral Researcher)

Satoru Egawa

(Assistant) Yuko Sato
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Research Subjects

v Fabrication, design, metrology and simulation of ultrahigh precision
optics

v Fabrication of micro structure by precision machining

v' Prototyping of precision optics in collaboration with Advanced
Manufacturing Support Team

Hi3ERi SR, Research Output
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Contributing most advanced scientific apparatus by

using ultrahigh precision optics manufacturing

technology

« Contributed to the precision measurement of neutron
pendellésung interferometry by ultrahigh precision
machining of silicon crystal

« Neutron Focusing mirror using metallic substrate have
introduced to J-PARC BL-16 and BL-06

« Successful optics developments for 2D spectrometer for
TAO telescope (SWIMS-IFU)
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Advanced Photonics Technology Development Group

Ultrahigh Precision Technology Team
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Manufacturing of 2D spectrometer unit SWIMS-
IFU for TAO telescope

At Ultrahigh Precision Optics Technology Team,
we conduct ultrahigh precision machining,
metrology and design of optical components and
systems. A silicon crystal was machined by
ultrahigh precision grinding, which contributed
to the neutron pendellssung interferometry
experiment. This experiment contributed to the
fundamental physics study and has narrowed the
region of “unknown” force by one decade. Also, a
2D spectrometer (SWIMS-IFU) with complicated
multi-surface mirror arrays have been successfully
manufactured. Those complicated mirror arrays
are slicing mirror array, pupil mirror array and slit
mirror arrays with more than 20 complicated
optical surfaces, which was manufactured for the
first time by multiple-axis ultrahigh precision
simultaneous machining.

REFARY TIVTFSRBROIHD > ) OV iERDEREMT
Ultrahigh precision machining of silicon crystal for neutron
pendellssung interferometry experiment

Heacock, B., et al., Science 373, (2021)
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(Deputy Team Leader)

Atsushi Taketani

(Senior Research Scientist)
Masato Takamura,

Tomohiro Kobayashi

(Research Scientist) Maki Mizuta,
Takaoki Takanashi,

Yasuo Wakabayashi, Kunihiro Fujita,
Chihiro lwamoto

(Postdoctoral Researcher)

Shota lkeda, Mingfei Yan
(Technical Staff) Makoto Goto,
Yoshio Matsuzaki,

Haruhiko Hashikura

(Assistant) Miyuki Kishino

(RAP Senior Advisor) Yujiro lkeda
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Research Subjects

v" Research and development of compact neutron system for practical
use at anytime, anywhere

v Realization of the on-site use compact neutron system

v Non- destructive test technology with quantitative analysis

v" Ultra compact neutron salt-meter, RANS- u

v" R&D for the water exploration and elemental analysis on the Moon
and Mars

HiZERi SR, Research Output
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Successful development of a new detection method
for sedimentation and water retention inside bridge
slabs. -Allows quantitative assessment of concrete
deterioration

« Utilises RANS-II, which produces neutrons with the same
properties as the RANS-IIl portable compact neutron
source under construction

« Successful visualisation of sedimentation, a critical
factor in bridge deterioration

« Development of a system for quantitative assessment of
concrete internal degradation
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Advanced Photonics Technology Development Group
Neutron Beam Technology Team
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Non—destructive visualization of
sedimentation
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Fig.1 Visualisation and detection of the deterioration of
reinforced concrete slabs under asphalt pavements using a

BELR M FHOEM
Increase in the
number of scattered
neutrons

scattering imaging method with RANS-II., left set sedimentation,

right, dry sedimentation

In recent years, the number of accidents caused by
bridge deterioration has increased both at home and
abroad. The floor slabs of road bridges are important
components that directly support the loads of vehicles
and people, and damage resulting from age-related
deterioration or poor initial construction can cause
serious damage to users. In order to prevent serious
damage leading to accidents, the on-site application of
‘non-destructive inspection technology' is awaited,
which enables the deterioration status to be accurately
visualized without breaking. We are developing a
compact neutron source systems for outdoor use. A
new degradation visualization technique for outdoor
use is successfully developed. Specifically, RANS-II, the
prototype of transportable has been used to visualize
'sedimentation’, which has been difficult to visualize in
the past. It is now possible to distinguish between
'water-bearing sedimentation’ and 'dry sedimentation'.
Fig. 1 shows the image of two types of sedimentation
visualized from above and below an asphalt pavement
using neutron scattering imaging technology. In
addition to quantitative assessment of the location and
size of the degradation, it has also been demonstrated
that it is possible to quantitatively assess the thickness
of the sedimentation and separately identify the
presence or absence of water in the degradation, as
shown in Figure 2.

Visualizations and evaluations will be carried out
outdoors using the RANS-IlI, a portable neutron source
system currently under development that can be
mounted inside a 6 m long container.
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Fig.2 Quantitative assessment of sedimentation thickness
and discrimination of wet and dry
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Research Subjects
v" Design, manufacturing, modification and development of

F—AY —~&— / Team Leader
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Yutaka Yamagata, D. ng. experimental apparatuses

v Facility management of the machine shop and technical assistance
for project

v Advanced manufacturing development and support such as 3D
printer or ultraprecision machining

HZZR R, Research Output
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requests

Shigeru Ikeda, Yoshiyuki Takizawa

(Expert Technician) Takeshi Fujimoto

(Technical Staff) Masahiro Takeda,
Masaharu Watanuki

(Assistant) Junko Ito

from RIKEN researchers and advanced technological
developments such as 3D printer and ultraprecision
machining

 Experimental apparatus design, parts machining
and assembly, electronics design and
manufacturing and glassware machining was
conducted upon request from RIKEN researchers

520 manufacturing request was processed in
FY2020 from all RIKEN sectors

« Advanced technological developments such as 3D
printer and ultraprecision machining was
conducted
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Advanced Manufacturing Support Team
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Numbers of Manufacturing Requests for each

research sectors of RIKEN

At Advanced Manufacturing Support Team,
manufacturing support for the construction of
experimental apparatus is performed through
mechanical design and machining,
electric/electronics and glassware fabrication etc.
Those apparatus manufacturing support include
modification of microscope stages, parts
machining, construction of detector systems, and
devices for biological experiments. Despite the
spread of COVID-19, 583 manufacturing requests
from all the RIKEN research sectors have been
processed in FY2021. User fee was updated from
FY2015 and several external fund can be
accepted. Various machining systems are used in
the factory such as NC machine tool, Electro-
discharge machining system, laser cutter, and
manually operated milling and lathing machine
and so on. Do-it-yourself machine shops are
maintained at main building and Instrumentation
center and necessary safety training is given by
the staff. Also, a close collaboration with RIKEN
researchers has been conducted such as
ultrahigh precision machining.
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Michikawa, T., Isobe, K., and Itohara, S., “A spike-sorting method based on hierarchical clustering to discriminate extracellularly
recorded simple spikes and complex spikes from cerebellar Purkinje cells”, bioRxiv, doi: https://doi.org/10.1101/2021.09.30.462526
(2021).

Ota, F., Yamazaki, K., Sebilleau, D., Ueda, K. and Hatada K., “Theory of polarization-averaged core-level molecular-frame
photoelectron angular distributions: lll. New formula for p- and s-wave interference analogous to Young'’s double-slit experiment for
core-level photoemission from hetero-diatomic molecules”, J. Phys. B: At. Mol. Opt. Phys. 54, 244002 (2021).

(2) EE - @B &  Book Editions, Review Papers

1.
2.

o ok W

Midorikawa, K., “Progress on table-top isolated attosecond light sources”, Nat. Photo. 16, 267-278 (2022).

Michikawa, T., Miyawaki A., “Olivocerebellar somatotopy revisited” in Cerebellum as a CNS Hub, eds Mizusawa, H., and Kakei, S.,
Springer, (2021).

BRERA, " BAOET MNIVAZEYV T 7 T AR A=, 0%, 50%125, 501 (2021) .

HEFRE, " BERER< A L—Y 3 VKB RIGHENE TOEBIEBESIEDRE ", L —F —H5E 49, 339-343 (2021).
BB, SMREOREFRZRIRILT 52T A—IV TRl ", £HRDRZF , 72, 266-271 (2021).

BEER=EAR , " R OBFZERIRE N RHIEICE D B X —J > J#ilT *, Oplus E, 43, 381-387 (2021).

(3) #31%:88 Invited Talks

1.

Okino, T., K. Midorikawa, K., “Development of multiplex ion momentum imaging methods for investigating ultrafast molecular
dynamics of polyatomic molecules”, International Symposium on Recent Development in Atomic, Molecular, and Optical Science
2022, 53,3 A 28 H (2022).

Takahashi, E.J., “High efficiency ultrafast soft x-ray harmonic generation which is a complementary partner to Free Electron Lasers”,
High-Intensity Lasers and High-Field Phenomena (HILAS), Hungary, March (2022).

Xue, B., Midorikawa, K., and Takahashi, E.J., “Realization of Compact GW-Scale Soft x-ray Isolated Attosecond Pulses”, High-Intensity



(4)

1.
2.

. BEEREAR BRI IVADBRZEBDTHEEIC K BB/ FA A -T2 T ERBRERAT ", WCFIHRFHR

Lasers and High-Field Phenomena (HILAS), Hungary, March (2022).

Midorikawa, K., “Generation of GW isolated attosecond pulses by high-energy multi-color optical synthesizer”, International
Symposium on Ultrafast Intense Laser Science Online V, July (2021).

Midorikawa, K., “Multi-TW optical waveform synthesizer for generating GW isolated attosecond pulses”, The 4th Int. Symposium on
High Power Laser Science and Engineering, Suzhou, China (online), April (2021).

HBIIRK , " SRR ERVARGENRCHSIFET bRDN ", L - —FZREMERRE N EERAR, 754>, 1A 14H
(2022).

BERE(R, #)IIRE, " BRI/ UV AORZERFIEIC K 2ZHFA A =TIV T EHNRIE", L —T —FRFMERERE 42 BEXKR,
342,18 14H (2022).

EIEE, " RCEET 2/NHOERKR BN 713@AE2RLTVEDL ? " RREEFREMEAMLIS—, FR. 12838
B (2021) .

WEREL " ZTERRSHTAA—TI VT ESHTFINR—VEBA] L——BEHEmMRa " 7>>1>, 11858 (2021).

. HERE, T MLV -TERNDBEFOBEZES 7 NEL ST MMEEN ", DFRFEFOREOEREMER, 47

>4~ ,8 418 R (2021).

. BIRRE, T RERT FL Y NRERIRT B HOEIRED L — -5l ", % 10 Q-LEAP Rit( L —F—fHlEY VY KIU

L, #3542 ,8812H (2021) .

ulm

, A AY,7TH
98 (2021).

. HHEEE, " ET A AV7E-FOv I LY - HIRBRN TOBRERRKELEICLZERYIRL XUV KR -7+ b U I DBKRE

B2 -] B ETFIFEMELY 42— - COISTEAM IOk —L > b7+ Y bUEMICES M/ RX=2 3 Vsl ERY VYRI T L
"HERENNIVABHIET A RV LY —DHER " A 31>, 68308 (2021) .

WERE, " HIRBABRESHAREEDADET « XV ) VI L—F—DORBEILEAEHFNOFIGE] , B AEFTEHELY
2—+COISTEAM IOk —L Y b T4 Y b UEMICEZ A/ RN=2 3 VR GRYYRI DL "BRINVASENET « X7
L—Y—D#EE" 471>, 68308 (2021) .

COHERE, ®IRE, " SRFAFOBREL AT IV RBHDDDRIVF T ST A MEBEEFEDHEE ", X - BF T/ X

EER BEFIMROBIEE T NNARISHE , F>51>,6 B 16 B (2021).

. Yamazaki, K., “Toward multiscale simulation on femtosecond x-ray absorption spectroscopy for x-ray chemistry,” 28 7 [ Q-Leap 77 b

DERERS

MR, 451> ,48208 (2021).

£, YVRYIL, €£XF—F#  Meeting, Symposiums and Seminars
RAP-XIOPM Joint Webinar on Photonics, online, November 16 (2021).
Bt EFTEMEL>2Z— - COISTEAM TOb—L > b 742 b UREMICKZA / RX=2Y 3 Vi) ERYVYRIY 7L "R/
IWABHEAET A RV L—Y—DFER" 751>, 68308 (2021) .

(5) ¥35FHiFE  Patent Applications

1.

FERER, RIE, " REERT. BREE. BXRUL BRIV AT L7 KR 2021-110704,2021F7 B2 H.

(6) BMEIANEFRIEH FEY 7R (MEREG EDBHFESE)  Topics

1.

B O—X7 Y THREE " MEEEOTIRIEDE 125 LIEHER ",
https://www.riken.jp/pr/closeup/2022/20220214_1/index.ntml 2022 F2 B 14 H.
MONOist, " /N DREIREHAIIC & V. BREIFHRFIROHEH % fEER 7,
https://monoist.itmedia.co.jp/mn/articles/2111/29/news009.html 2021 & 11 B 29H.
EAERAIR, BaROMRZIRZ 57 FHOH”,
https://www.riken.jp/pr/closeup/2021/20211110_1/index.html 2021 &£ 11 B 10 8.
B, DESENMBT L TEET 5 7, 2021 F 11 B 26 8.
AATZEFE,\WRE BRleEZREHA 7 2021F 118108 .
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e RS FeHEAZEF — L.~ Ultrafast Spectroscopy Research Team

(1) FREFR (accept) Z3L  Original Papers

1.

N

Matsuzaki, K., and Tahara, T.: “Superresolution concentration measurement realized by sub-shot noise absorption spectroscopy”,
Nat. Commun, 13, 953/1-8 (2022).

Sartin, M. M., Osawa, M., Takeuchi, S., and Tahara, T.: “Ultrafast dynamics of an azobenzene-containing molecular shuttle on
rotaxane”, Chem. Comm. 58, 961-964 (2022).

Chang, C.-F., Kuramochi, H., Singh, M., Abe-Yoshizumi, R., Tsukuda, T., Kandori, H., and Tahara, T.: “A unified view on varied ultrafast
dynamics of the primary process in microbial rhodopsin”, Angew. Chem. Int. Ed. 61, €202111930/1-9 (2021).

Fujisawa, T., Masuda, S., Takeuchi, S., and Tahara, T.: “Femtosecond time-resolved absorption study of signaling state of a BLUF
protein PixD from Cyanobacterium Synechocystis: Hydrogen bond rearrangement completes during forward proton-coupled
electron transfer”, J. Phys. Chem. B 125, 44, 12154-12165 (2021).

Kumar, P., Fron, E., Hosoi, H., Kuramochi, H., Takeuchi, S., Mizuno, H., and Tahara, T.: “Excited-state proton transfer dynamics in
LSSmOrange studied by time-resolved impulsive stimulated Raman spectroscopy”, J. Phys. Chem. Lett. 12, 7466-7473 (2021).
Kuramochi, H., Takeuchi, S., Kamikubo, H., Kataoka, M., and Tahara, T.: “Skeletal structure of the chromophore of photoactive yellow
protein in the excited state investigated by ultraviolet femtosecond stimulated Raman Spectroscopy”, J. Phys. Chem. B 125, 23,
6154-6161 (2021).

(2) EE - @i & Book Editions, Review Papers

1.

Kuramochi, H., Tahara, T., “Tracking ultrafast structural dynamics by time-domain Raman spectroscopy”, J. Am. Chem. Soc., 143, 26,
9699-9717 (2021).

(3) $81%:88  Invited Talks

1.

Tahara, T., “Ultrafast chemical dynamics at the water surface revealed by femtosecond time-resolved phase-sensitive nonlinear
spectroscopy”, Symposium “Multiscale Chemistry and Dynamics at Surfaces and Interfaces”, Spring 2002 American Chemical Society
(ACS) meeting, U. S. A (Hybrid), March (2022).

Tahara, T., “A chemical reaction becomes ultrafast at the water surface”, 16th biennial DAE — BRNS Trombay Symposium on
Radiation & Photochemistry (TSRP-2022), India (Online), January (2022).

Tahara, T, “Ultrafast vibrational dynamics of water at aqueous interfaces studied by infrared-excited time-resolved HD-VSFG and 2D
HD-VSFG spectroscopy”, Pacifichem 2021, Symposium on “Recent Advances in Coherent Multidimensional Spectroscopy (Physical
#391)", U.S. A. (Online), December (2021).

Tahara, T., “Tracking ultrafast chemical processes at aqueous interfaces by time-resolved heterodyne-detected vibrational sum-
frequency generation”, Pacifichem 2021, Symposium on “Advanced Understanding of Soft Interfaces at the Molecular-Scale (Physical
#392)", U.S. A. (Online), December (2021).

Tahara, T., “Revealing chemical reactions at the water surface by phase-sensitive ultrafast nonlinear spectroscopy”, XIOPM-RAP Joint
Webinar on Photonics, XIOPM and RAP, China-Japan (Online), November (2021).

Tahara, T., “Dynamics of complex molecular systems unveiled by new ultrafast spectroscopy”, 7th Theme Meeting on Ultrafast
Science 2021 (UFS-2021), India (Online), November (2021).

Tahara, T., “Revealing ultrafast reaction dynamics at the water surface by femtosecond time-resolved phase-sensitive nonlinear
spectroscopy”, 11th Asian Photochemistry Conference (APC 2021), Korea (Online), October (2021).

Tahara, T., “Ultrafast dynamics at the water surface revealed by time-resolved HD-VSFG spectroscopy”, 20th International Conference
on Time-Resolved Vibrational Spectroscopy (TRVS2021), U. S. A. (Online), June (2021).

Tahara, T., “Vibrational dynamics of interfacial water revealed by 2D HD-VSFG spectroscopy”, CMDS Webinar (Online), May (2021).
Mohammed, A., Nihonyanagi, S., Tahara, T., “Femtosecond two-dimensional heterodyne-detected VSFG spectroscopy: A novel
technique to probe ultrafast dynamics at aqueous interfaces”, International web-conference “Laser Spectroscopy and Ultrafast
Science (LSUS-2021), India (Online), April (2021).

(4) BEINEFE - FEY IR MEREG EDBEHFESE)  Topics

1.

J. Am. Chem. Chem. Vol. 143, No. 26, Front Cover, 2021 F£7 B 7 B%17.



ISR

B

BAEERE WAEEE BEER | SREICEROBKRK ", 2021F128188.

REFE " B5EEICEN - ARE St st TIE ", 2021 £ 12 8188 .

B, 21 FEEREREEEZRER BE(FHOHRKES", 2021128208

BIIRHE,  SREICEN - HREK SERIREME IReIMEEmoEHaE MR 2021512823 6.
BRYE (REWE) "W - BREE 900 FHE7, 202218108

ZERII=T ) THEF—L  Space-Time Engineering Research Team

(1) FREFR (accept) 2L . Original Papers

1.

Ohmae, N., Takamoto, M., Takahashi, Y., Kokubun, M., Araki, K., Hinton, A., Ushijima, I, Muramatsu, T., Furumiya, T., Sakai, Y., Moriya,
N., Kamiya, N., Fujii, K, Muramatsu, R., Shiimado, T., and Katori, H.: “Transportable strontium optical lattice clocks operated outside
laboratory at the level of 10 ™ '® uncertainty”, Advanced Quantum Technologies 4, 2100015 (2021).

Katori, H.: “Longitudinal Ramsey spectroscopy of atoms for continuous operation of optical clocks”, Applied Physics Express 14,
072006 (2021).

Tanaka, Y. and Katori, H.: “Exploring potential applications of optical lattice clocks in a plate subduction zone”, Journal of Geodesy.
95,93 (2021).

(2) EE - @i &  Book Editions, Review Papers

1.

BISR, " FLOESORROYIEEHRZERAD " RRERE AT | RumOME] 2022 F£55 (2022).

(3) #31%:88 Invited Talks

1.

Katori, H., “Transportable Optical Lattice Clocks to Test and Use Gravitational Redshift”, Quantum Frontiers General Assembly 2021,
F>Z4>,5H 18 H (2021).

Takamoto, M., “Test of gravitational redshift with optical lattice clocks and their applications to relativistic geodesy”, Sixteenth
Marcel Grossmann Meeting, 77> >4 >/ ,7 B 5 B (2021).

Katori, H., “Transportable Optical Lattice Clocks to Test and Use Gravitational Redshift”, 2021 Joint Virtual Conference of European
Frequency and Time Forum & the IEEE International Frequency Control Symposium, > >4 >/ ,7 B 7 B -17 B (2021).

EWMHE, " RFREIAZEOBE, S voay " 8FIAT74—SLEFFR - VIV TEBEEE, 7> 51> ,8 A 20 H (2021).
Katori, H., “Transportable Optical Lattice Clocks to Test and Use Gravitational Redshift”, MPLP-2021, The IX International Symposium,
“MODERN PROBLEMS OF LASER PHYSICS”, #> > 1> ,8 B 22 B -26 H (2021).

Katori, H., “Transportable Optical Lattice Clocks to Test and Use Gravitational Redshift”, IMEKO XXIIl World congress (IMEKO2021), 4
>4~ ,8H30H-9 A3 H (2021).

EFRFE " TR DRRICEZAZA VNI M, RAVOA D MOZ) AZMEERSRFEE, 7> 51> ,9 8 17 B (2021).
BFIWFEE, " ARFREF R Y b= DIV IRCEREK ", NTTR&D 7+ —35 L 2021 Hifit = +—, INEgEF > > 1 VEfE,98 28 H
(2021).

BIHE, " S FEEOE I GREERERER ", £ B EIBREEEESURT -7 av S, 754> ,10 B 14 B (2021).

. BIEE, " SR FRE DA T GRERIERER ", CAMEBEZER 74 VAR E6RT4 bV RT—0 a3y T, F

42,11 B 5H(2021).

. Katori, H., “Transportable optical lattice clocks to test and use gravitational redshift”, Quantum Innovation 2021, > 21>/ ,12 B 7

H (2021).

. BESE,TRE - R TFREICKZENFRARBOBREEFNA ", BET —7IVORFF R & EERIMNICET 5IRBE - £ 4 [,

FZ42,12 39 H (2021).

. Katori, H., “Transportable Optical Lattice Clocks to Test and Use Gravitational Redshift”, International Symposium on Novel maTerials

and quantum Technologies (ISNTT2021), #>5 >/ ,12 B 16 B (2021).
BEWSE " AR TFEETOE T GRFERIERER ", —MAAEE AN B TIBREME G R1B1FEE [Society5.0 IR, SDGs ZRIC
Bt IRl A 54>,12 817 B (2021).

. BAEE AR FEET ORI L ABX SRR RIS 7, 88 5 [E RIKEN-RAP and QST-KPSI Joint Seminar, 7 >5 1> ,2 B4R

(2022).
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16. BEFEER, " L— AR E BT Y VIR BAF T AA MOV RBR, 750> ,2 817 H (2022).
17. BAFSH " SR TR/ N AR sRBORIMESRIGA ", R A CPS €2+ —, 47> 50> ,3 B 1 H(2022).

(4) ¥5EFFE  Patent Applications

1.

EWMFR, SANE  AME, M ERERFE-LEMEE. W/ r—I, SR FEETRYE/ Y5-I RFESRAYE/ Y -
. BRFFSERME/NNY =T, EFEROET/NA ZXBAWME/NNy 5r—I RO\ 9B/I\y 5—I Y X7 ", F5FE 2021-066149,
202158

EWMFR, SAEE  AlE, ERERTFE-LEMEE. W/ r—I SR FEETRYE/ Y 7 —I RFESRAYE/ Y -
. BRFFSHEFRMEB/NNY 5= EFEROEBT NAZRMEB/Ny 7= RO, BNy 5—I 2 X7 L7, JP2021/041036,
202111 8.

EWMFE, aAHB  ARE, " RFE-LEREE. /Ny 75— SOETFRERME/ Ny r—I, RFESREE/NY -,
RFFSHRMENY F—2 EFBROET /N4 ZBWE/N\y 57— RO, BNy 5—I Y X7 L7, 5558 2022-006668, 2022
F18.

BEWMFB, BAEE , BHEE, TRIE, "HREF Sy TERE. MB/N\y 5 —I RFEHANE/NY F—Y0 RTYETRN)E
Ny r—I, BRFFSRMENY F—J EFRMOET /A RBYE/N\Y 5F—I RO\ BNy 5F—I VAT L7, 558 2022-
014486,2022 F2 B .

BNEER, AANS , AE, " RFE—LEREE. ME/\y r—I, EFESTRME/ NNy 57— RFETAME/ NNy 5—J,
EFFSstRMmE/Ny r—Y, EFEHET /N1 ARWME/N\y r—I RO, ME/N\v r—I Y X7 4", JP2022/005302, 2022 &
28.

BEWER, NS, ERE, " BRFOBEFREXT) v 22— RFTEH RTEBARKNELEEB. RTYHERE. BTN 2
FAVE1 -2 BLURFOEFREEREDEIREDOLERFE ", JP2022/006110,2022 F2 B .

ENER, BAREE  ARE, EREFE-LEREE. BNy r—Y ARFEETRWME/NY r—I RFRETRME/NY 75—
. BFFSHTRIME/NNy =T, EFRRVET /N XREMEB/NY r—J0 RU. WE/\y 5—I 2 X7 L7, JP2022/010404,
202238

(5) BEINEFE FEY 7R (MEREG EDBEHFESE)  Topics

1.

B ERBET 02125 — Y aVEs—HoA B 445, NEOREEZEZ 5 TIEROWOBEERDE HEM R TR %
FRLMEBFEORER 20215818

Advanced Quantum Technologies, “Front Cover: Transportable Strontium Optical Lattice Clocks Operated Outside Laboratory at the
Level of 10~ '® Uncertainty”, Volume4, Issue8, 2021,2021 ££8 B 10 B .

Nature Photonics, “Ever-evolving optical lattice clocks (Breakthrough Award Winning Interview)”, Volume 15 Issue 12, December
2021,2021 %12 A 23 8.

BS 7L Z7L-BS4K IXZ vy 78> b "FHEOVSL FiBOD 1B (Tiah ! ",2022F1H6H.

BSAKOAXZwo7aAV Q" 7A VY124 VDIER", 2022382508 .

BFA 7L FOZ9 AHEF—L ~ Quantum Optoelectronics Research Team

(1) FREFR (accept) Z2L  Original Papers

1.

Nakashima, A., Fujii, S., Imamura, R., Nagashima, K., and Tanabe, T.: “Deterministic generation of a perfect soliton crystal microcomb
with a saturable absorber”, Optic Lett. 47, 1458-1461 (2022).

SHFE, 8K S. L. P. B4, GEEN,, BHE , Sze Yun Se, ILTER], HBZE#H: “/NUE— FREIL —FREREICAIFTILED LM
N EHIRIROMERL & AT RINIRIEFIE ", ERFREF - B - Y A7 LFwXES (CHFIES) 142, 3,395-400 (2022).

Zeng, Y., Gordiichuk, P., Ichihara, T., Zhang, G., Emil, S.-R., Wetzel, E. D., Tresback, J., Yang, J., Kozawa, D., Yang, Z., Kuehne, M.,
Quien,M,, Yuan, Z,, Gong, X., He, G,, Lundberg, D, Liu, P, Liu, A. T., Yang, J., Kulik, H. J., and Strano, M. S.: “Irreversible Synthesis of an
Ultra-Strong Two-Dimensional Polymeric Material”, Nature 602, 91 (2022).

Fujii, S., Tanaka, S., Ohtsuka, T., Kogure, S., Wada, K., Kumazaki, H., Tasaka, S., Hashimoto, Y., Kobayashi, Y., Araki, T., Furusawa,
K., Sekine, N., Kawanishi, S., and Tanabe, T.: “Dissipative Kerr soliton microcombs for FEC-free optical communications over 100
channels”, Opt. Express 30, 1351 (2022).



5. Fong, C.F, Ota Y. Arakawa, Y., Iwamoto, S., and Kato, Y. K.: “Chiral modes near exceptional points in symmetry broken H1 photonic
crystal cavities”, Phys. Rev. Research 3, 043096 (2021).

6. Suzuki, T. S. L. P, Nakashima, A., Nagashima, K., Ishida, R., Imamura, R, Fujii, S., Set, S. Y., Yamashita, S., and Tanabe, T.: “Design of a
passively mode-locking whispering gallery mode microlaser”, J. Opt. Soc. Am. B 38,3172 (2021).

7. Li, Z, Otsuka, K., Yamashita, D., Kozawa, D., and Kato, Y. K.: “Quantum emission assisted by energy landscape modification in
pentacene-decorated carbon nanotubes”, ACS Photonics 8, 2367 (2021).

8. Otsuka, K., Fang, N., Yamashita, D., Taniguchi, T., Watanabe, K., and Kato, Y. K.: “Deterministic transfer of optical-quality carbon
nanotubes for atomically defined technology”, Nature Commun. 12, 3138 (2021).

9. Wang,S., Yang, Y. Zhang, Z,, Zhang, C, Huang, X., Wang, W. J,, Li, B. G, Kozawa, D. and Liu, P.: “Toward Covalent Organic Framework
Metastructures”, J. Am. Chem. Soc. 143, 13, 5003 (2021).

(2) EE - @K &  Book Editions, Review Papers

1. KFEE, MEH—, "/ MEEE S tMIEBENERICERE | —RmFLNIVTBENEEX > EMEDRIENKELFE ", BT Tt
¥ 76,48 (2021).
B, BRI TR AV O@ERILGR ", SAMEBEFER T+ FZJ X Z1—X7,60(2021).
Liu, K, Kato, Y. K., Maruyama, S., “Optical Spectroscopy of Individual Single-Walled Carbon Nanotubes”, in Progress in Nanophotonics
6, edited by T. Yatsui, (Springer Nature, 2021), Chap. 5, p. 135-163.

(3) 1B7¥E8E . Invited Talks

1. Kato, Y. K.: “Optical properties of 1D/2D mixed dimensional heterostructures and their integration into photonic devices”, 2 69 [Elit
RYMEBEFLESFFIARS , 45/ |BERERT , 3 A 23 B (2022) .

2. Imamura, R, Fuijii, S., Kogure, S., Tanabe, T., “Optical frequency comb generation with microresonators and applications of WGM
laser”, The 42nd Annual Meeting of The Laser Society of Japan, Online, January 12 (2022).

3. Kato, Y. K, “Excitons in covalently and non-covalently functionalized air-suspended carbon nanotubes”, The International Chemical
Congress of Pacific Basin Societies 2021 (Pacifichem2021), Online, USA, December 19 (2021).

4. Kato, Y. K, “Bright- and dark-exciton dynamics in carbon nanotubes”, The International Chemical Congress of Pacific Basin Societies
2021 (Pacifichem2021), Online, USA, December 18 (2021).

5. Otsuka, K, Fang, N., Yamashita, D., Taniguchi, T., K. Watanabe, Kato, Y. K., “Deterministic transfer of optical-quality carbon nanotubes
for atomically defined technology”, The 61st Fullerenes-Nanotubes-Graphene General Symposium, Online, September 3 (2021).

6. Machiya, H., Yamashita, D., Ishii, A., Kato, Y. K., “Near-Unity Radiative Quantum Efficiency of Excitons in Carbon Nanotubes”, 239th
Electrochemical Society Meeting, Online, USA, June 2 (2021).

(4) 2. YVKRIVL, £ZF—EM#  Meeting, Symposiums and Seminars

1. 34—, BREXR, RRAZAERTIERAERT T 7 IV IESK S ERMTEAET EAREE 82, /572> /h-BN 7 7
VTIVT—IVAR Y RIVESITET S EFYIESHE 7, #15¢, 3 A 10 B (2022).

2. t=7—,Yih-Ren Chang, RRAZAZERTERMAER T U 7 IV ITEERRIMERIELEEE , “Non-centrosymmetric structures
in 2D Tin(ll) Sulfide”, #13%¢ , 2 B 21 H (2022).

3. I — BEBLES, RRPUAFAZREFARREFELMIMRERLRRE,  F/ A— R MR EAV R RERAEREED
FRBA & HE 7, A0, 1 B 21 B (2022).

(5) HEINEHE bEY 7R (MEREL EDIGHEESE)  Topics

RIKEN RESARCH, Fall, p.11, Research Highlights, “Manipulating atomically defined nanotubes”, 2021 £ .
Laser Focus World Japan, “ 2B0ff. [RFAEE CERZINF /WEZERICESE ", 2021 F£5 828 8.
TECH+, "B A—AR>YF/Fa1—TB%EDS / MHZHEICEE T 2HMizmE ", 2021 £5827 8.
FTNOZVRA VA "B, BB CNT £ ICERE T iiafEE ", 2021 F£58 26 H.
Architexturez.net, “Engineering matter at the atomic level”, 2021 £ 5 B 25 B .

Tech Explorist, “Engineering matter at the atomic level”, 2021 &£5 8 25 H .

ScienceDaily, “Engineering matter at the atomic level”, 2021 &5 B 25 H .

© N o kW=

Nanowerk, “Engineering matter at the atomic level”, 2021 &5 25 8 .
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9. EurekAlert AAAS Science News, “Engineering matter at the atomic level”, 2021 &5 8 25 H .

10. Newsfeeds.Media, “Carbon Nanotube Breakthrough: Engineering Matter at the Atomic Level”, 2021 &£ 5 8 25 H .

11. BtoB 7S v b7+ —L #ERCh, " RFRECERINF /MBEEZERICEE—F /77 /0 —%2BA 5EMN\DEEZHR -,
2021 E5H8258.

HBEEIb—L ¥ MR X EFMEF — L/ Ultrafast Coherent Soft X-ray Photonics Research Team

(1) FREFR (accept) Z23L  Original Papers

1. Xue, B, Midorikawa, K., and Takahashi, E.J.: “Gigawatt-class, tabletop, isolated-attosecond-pulse light source”, Optica 9, 360 (2022).

2. Nishimura, K, Fu, Y., Suda, K., Midorikawa, K., and Takahashi, E.J.: “Apparatus for generation of nanojoule-class water-window high-
order harmonics”, Rev. Sci. Instrum. 92, 063001 (2021).

3. Xue, B, Tamary, Y., Fu, Y., Yuan, H., Lan, P., Miicke, O.D., Suda, A., Midorikawa, K., and Takahashi, E.J.: “A Custom-Tailored Multi-TW
Optical Electric Field for Gigawatt Soft-X-Ray Isolated Attosecond Pulses”, Ultrafast Science 2021, 9828026 (2021).

(2) EE - @i &  Book Editions, Review Papers
1. BBXE, "EAET FRINIVRZEVRT 7 T LA M VYA =", HFE, 505125, 501 (2021) .

(3) 1B1¥58® . Invited Talks

1. Takahashi, E.J.,, “High efficiency ultrafast soft x-ray harmonic generation which is a complementary partner to Free Electron Lasers”,
High-Intensity Lasers and High-Field Phenomena, Hungary (2022).

2. BRERA, " IMKT L —T—NRERIRYS ZHOEPRBDO L —F -5l ", 816 Q-LEAP Xt L —H—fEF VRI D
L, #¥>4>, 8812H (2021) .

(4) 2F&. YVKRIVL, £ZF—EM#  Meeting, Symposiums and Seminars
1. 5th RIKEN-RAP and QST-KPSI Joint Seminar, #>54 >/, 2 A4 B (2022).

BE/\VABFEHFIERaEBMEF—L ~ Ultrashort Electron Beam Science RIKEN Hakubi Research Team

(1) FREFR (accept) Z2E  Original Papers
1. Morimoto, Y., Shinohara, Y., Ishikawa, K.L, and Hommelhoff, P.: “Atomic real-space perspective of light-field-driven currents in
graphene”, New Journal of Physics 24 033051 (2022).

(2) EE . #5175 & Book Editions, Review Papers
1. AW, B L XNIC L BBFREEEMOBRRE T MAA—IV TADRE: 7 MEF/UVADORELEH ", L&
> &D, 18,6,125-141 (2021).

(3) $B#F5EE  Invited Talks

1. FARmt, 7 MREF/INIVAORE EEBERA A=V Y TNANDGEHS ", BARBHEF R Ba 0 RS En s WER, 7>~
>4>,28188 (2021) .

2. Morimoto, Y., “Attosecond Electron Beams generation, detection and potential applications”, The 4th Workshop of the Reaction
Infography, 7> > >, 11 B 5 H (2021).

(4) |E. YVRIIL, ©ZF—FM#  Meeting, Symposiums and Seminars
1. oL VYWES - [CEMBFELZ+—, 7>>1>, 1828 B (2022).



(5) WEIREFR - FEY IR (MEEREG EDIBHEE)  Topics
1. BRUIESFESATI20E2E 1K, "REKS 6 ACAFE EFAEENE BEFEMECHEE"2022F3/88 1.

EHRBARMK A A —Y Y F — L. Live Cell Super-Resolution Imaging Research Team

(1) FREFR (accept) ZF L . Original Papers

1. Rodriguez-Gallardo, S., Sabido-Bozo, S., lkeda, A., Araki, M., Okazaki, K., Nakano, M., Aguilera-Romero, A., Cortes-Gomez, A, Lopez, S.,
Waga, M., Nakano, A., Kurokawa, K., Mufiz, M., and Funato, K.: “Quality-controlled lipid-based protein sorting into selective ER exit
sites”, Cell Rep. in press.

2. Hasegawa, Y., Reyes, T.H., Uemura, T., Baral, A., Fujimaki, A., Luo, Y., Morita, Y., Saeki, Y., Maekawa, S., Yasuda, S., Mukuta, K., Fukao, Y.,
Tanaka, K., Nakano, A., Takagi, J., Bhalerao, R., Yamaguchi, J., and Sato, T.: “TGN/EE SNARE protein SYP61 and ubiquitin ligase ATL31
cooperatively regulate carbon/nitrogen-nutrient responses in Arabidopsis”, Plant Cell 34, 1354-1374 (2022).

3. Shimizu, Y., Takagi, J., Ito, E., Ito, Y., Ebine, K., Komatsu, Y., Goto, Y., Sato, M., Toyooka, K., Ueda, T., Kurokawa, K., Uemura, T., and
Nakano, A.: “Cargo sorting zones in the trans-Golgi network visualized by super-resolution confocal live imaging microscopy in
plants”, Nat. Commun. 12, 1901 (2021).

4. Rizzo, R., Russo, D., Kurokawa, K., Sahu, P., Lombardi, B., Supino, D., Zhukovsky, M.A., Vocat, A., Pothukuchi, P., Kunnathully, V.,
Capolupo, L., Boncompain, G., Vitagliano, C., Marino, F.Z., Aquino, G., Montariello, D., Henklein, P., Mandrich, L., Botti, G., Clausen, H.,
Mandel, U., Yamaji, T., Hanada, K., Budillon, A., Perez, F., Parashuraman, S., Hannun, Y.A., Nakano, A., Corda, D., D'Angelo, G., and Luini,
A.: “Golgi maturation-dependent glycoenzyme recycling controls glycosphingolipid biosynthesis and cell growth via GOLPH3",
EMBO J. 40, e107238 (2021).

(2) EZE - @57 & Book Editions, Review Papers

1. Nakano, A., “The Golgi apparatus and its next-door neighbors”, Frontiers Cell Dev. Biol. in press.

2. Tojima, T., Miyashiro, D., Kosugi, Y., Nakano, A., “Super-resolution live imaging of cargo traffic through the Golgi apparatus in
mammalian cells”, Methods Mol. Biol. in press.

3. Rodriguez-Gallardo, S., Kurokawa, K., Sabido-Bozo, S., Cortes-Gomez, A., Perez-Linero, A.M., Aguilera-Romero, A., Lopez, S., Waga, M.,
Nakano, A., Muiiiz, M., “Assay for dual cargo sorting into endoplasmic reticulum exit sites imaged by 3D super-resolution confocal
live imaging microscopy (SCLIM)”, PLOS ONE 16, e0258111 (2021).
FREFRRZ |, D FIRMOMBIEYE ", CSI ALY L Ea—  HIRIH .
22, ZAKE, PEFEEZ, " BRIRS 1 T4 A=Y 2 T8 SCLIM ORFE S SCLIM DZBAD S 4 TRIbA X—I VTt &
ZIIVIERE VN EEXEORERR ", L —Y—H3E , 49, 271-275 (2021).

6. HBE—, PFHEE BB "FUORSL RFE - BROEN ", Newton Bilft, Z1— > 7L X (2022).

BRE— , RFBEEZEL (55 €0hShh B AREHEE (KETE 2R) 7, Newton Bilfft, —21— > 7L X (2022).

(3) B8 E  Invited Talks

1. Nakano, A., “Super-resolution confocal live imaging microscopy (SCLIM) as a powerful tool for exosome research”, Symposium on
Extracellular Fine Particles: Chemistry, Biology, and Biomedical Applications, Pacifichem 2021 (The International Chemical Congress
of Pacific Basin Societies 2021), On-line, December 21 (2021).

2. Nakano, A., “Golgi apparatus and its next-door neighbors”, EMBO | Japan Virtual Lectures, On-line, August 31 (2021).

(4) BEINEFE - bEY 7R MERIEG EDBHESE)  Topics
1. RHBEE,"E ~ZNEEROEER ", NHKBS 7L I7 L TE1—<R =TV R A0 BEDNK 5+ ,202%F4858.

S E R F — L Biotechnological Optics Research Team

(1) FRFEFRX (accept) ZZ L  Original Papers
1. Michikawa, T., Yoshida, T., Kuroki, S., Ishikawa, T., Kakei, S., Kimizuka, R., Saito, A., Yokota, H., Shimizu, A., Itohara, S., and Miyawaki, A.:

47
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“Distributed sensory coding by cerebellar complex spikes in units of cortical segments”, Cell Rep.37(6), 109966 (2021).

(2) $31%:88 Invited Talks

1.
2.
3.

BREEE " INAF A A =T TR EBRERFE EOTHER ", 5 109 B RAMRBERFRAR, /N7« O, 12 A 9 B (2021).
BEREE " BREEMBORN ", B 44 EBRDTFEMFRERT VFaywIF—, /N7« J%E, 12 8 3 B (2021).

EIREE , “Interplay between Light and Life /\A 741 A= > J\CBH 2 ZEEMRMIFSR ", 5 47 B BRGRERADBFELSFZMES,
=R, 10 B 31 B (2021).

BHEE, IV RV RAT IV, BEIEEFIEREANNA AEREM O Y =7 L (JMAQ) 5 141 BIEfl% , Zoom, 10 B
28 H (2021).

Atsushi Miyawaki, “GENETICALLY ENCODED TOOLS FOR STEM CELL RESEARCH AND REGENERATIVE MEDICINE", ISSCR/JSRM
International Symposium, Virtual, December (2021).

BREE " EFENA A A A =TT, 40 ERAXERBEBGRIFSAR JAMIT 2021), BISHRBAFHASTF v >/VX,10 A 15
H (2021).

(3) 2#E. YVKRIVL, £IF—EM#  Meeting, Symposiums and Seminars

1.

EMBO|EMBL Symposium, “Seeing is Believing: Imaging the Molecular Processes of Life”, Virtual, December (2021).

(4) F5EFiHFE .~ Patent Applications

1.

EREE, BT, THRE, " 8 ERIFRERURTF R BLUZORA CtREEIBVENEZ /NI E) 7, PCT/
JP2022/13700,2022 F£3 B 23 H

E{RIEIRUWIEBMAZEF — L~ Image Processing Research Team

(1) FREFR (accept) ZF L . Original Papers

1.

Hu, R., Monebhurrun, V., Himeno, R., Yokota, H., and Costen, F.: “A general framework for building surrogate models for uncertainty
quantification in computational electromagnetics”, IEEE Transaction on Antennas and Propagation Vol.70, pp.1402-1414 (2022).
Takematsu, M., Umezawa, M., Sera, T., Kitagawa, Y., Kurahashi, H., Yamada, S., Okubo, K., Kamimura, M., Yokota, H., and Soga, K.
“Influence of the difference in refractive index on the interface of an object and the surrounding in near-infrared fluorescence
tomography”, Applied Optics (2021).

Michikawa, T., Yoshida, T., Kuroki, S., Ishikawa, T., Kakei, S., Kimizuka, R., Saito, A., Yokota, H., Shimizu, A, ltohara, S., and Miyawaki, A.:
“Distributed sensory coding by cerebellar complex spikes in units of cortical segments”, Cell Reports 37,6 (2021).

Xanthos, L., Yavuz, M. E,, Himeno, R, Yokota, H., and Costen, F.: “Resolution Enhancement of UWB Time-Reversal Microwave Imaging
in Dispersive Environments”, [EEE Transactions on Computational Imaging. Vol.7, pp.925-934 (2021).

Chen, M., Wu, J,, Li, S., Liy, J., Yokota, H., and Guo, S.: “Accurate and real-time human-joint-position estimation for a patient-transfer
robot using a two-level convolutional neutral network”, Robotics and Autonomous Systems 139(1), 103735 (2021).

Takamatsu, T., Kitagawa, Y., Akimoto, K., lwanami, R, Endo, Y., Takashima, K., Okubo, K., Umezawa, M., Kuwata, T., Sato, D., Kadota,
T., Mitsui, T., Ikematsu, H., Yokota, H., Soga, K., and Takemura, H.: “Over 1000 nm Near-Infrared Multispectral Imaging System for
Laparoscopic In Vivo Imaging”, Sensors 21(8), 2649 (2021).

Sonoda, S., Shiihara, H., Terasaki, H., Kakiuchi, N., Funatsu, R., Tomita, M., Shinohara, Y., Uchino, E., Udagawa, T., An, G., Akiba, M.,
Yokota, H., and Sakamoto, T.: “Artificial intelligence for classifying uncertain images by humans in determining choroidal vascular
running pattern and comparisons with automated classification between artificial intelligence”, PLOS ONE (2021).

An, G, Aloba, M., Omodaka, K., Nakazawa, T., and Yokota, H.: “Hierarchical deep learning models using transfer learning for disease
detection and classification based on small number of medical images”, Scientific Reports (2021).

Yoshizawa, S., and Yokota H.: “Fast and faithful scale-aware image filters”, The Visual Computer Vol. 37, Issue 12, pp. 3051-3062
(2021).

. Takahashi, K, Sun, Z., Solé-Casals, J., Cichocki, A., Huy Phan, A, Zhao, Q., Zhao, H., Deng, S., and Micheletto, R.: “Data Augmentation

For Convolutional LSTM based Brain Computer Interface System”, Applied Soft Computing (2022).

. Yamashita, N., Matsuno, T., Maeda, D., Kikuzuki, M., and Yokota, H.: “Efficient 3D observation of steel microstructure using serial



sectioning with precision cutting and on-site etching”, Precision Engineering Vol. 75, pp. 37-45 (2022).

12. MAEF, TG, L THES  KEEE, BAEE, #H FX " BEROEBIC K S EOREE & HEEDE Z##47 ”, Drug Delivery
System Vol. 36, No.4, pp. 277-285 (2021).

13. Fujisaki, K., Yamashita, N., and Yokota, H.: “Multipoint indentation for material identification in three-dimensional observation based
on serial sectioning”, Precision Engineering Vol. 69, pp. 62-67 (2021).

14. Hori, K, lkematsu, H., Yamamoto, Y., Matsuzaki, H., Takeshita, N., Shinmura, K., Yoda, Y., Kiuchi, T., Takemoto, S., Yokota, H., and Yano,
T.: “Detecting colon polyps in endoscopic images using artificial intelligence constructed with automated collection of annotated
images from an endoscopy reporting system”, Digestive endoscopy (2021).

15. Kitrungrotsakul, T., Han, X-X., lwamoto, Y., Takemoto, S., Yokota, H., Ipponjima, S., Nemoto, T., Wei, X., and Chen, Y.-W.: “A Cascade
of 2.5D CNN and Bidirectional CLSTM Network for Mitotic Cell Detection in 4D Microscopy Image”, IEEE/ACM Transactions on
Computational Biology and Bioinformatics vol. 18, no. 2, pp. 396-404 (2021).

16. Kitrungrotsakul, T., Iwamoto, Y., Takemoto, S., Yokota, H., Ipponjima, S., Nemoto, T., Lin, L, Tong, R, Li,J., and Chen, T.-W.: “Accurate
and fast mitotic detection using an anchor-free method based on full-scale connection with recurrent deep layer aggregation in 4D
microscopy images”, BMC Bioinformatics Vol. 22, Article number: 91 (2021).

17. BEN, TAEF, BEFX, WNE5LE, REER, " @WERLEFRAF—LICL 5 BREOBERE A", 8 &5 Vol. 56(4), 423-431
(2021).

(2) #31%:88 Invited Talks
1. Sun, Z," A—N\—AVEEICE DNV I aL—y a3y " #BlEAKET =17 2 v RNt S F—,(2021).

(3) 2#E. YVKRIVL, £IF—EM#  Meeting, Symposiums and Seminars
1. BEIZSNGERE7IVIVILAVTANTE , A>510>,128 (2021) .

(4) F5EFiHFE .~ Patent Applications

1. RS, BATEY AR, JTIVF Y FFv VX - SY VY FE, FEE, BB, #BEEX,  BRUEY X T L. BRIV
O—4, Bif7 I—4. BRUIBESERCESRETOY S A7, K58 2021-028581,2021 £3 B 25 H .

2. RER, ERTEY BEE, TV FYRFFYyUR - SHUY FE, HEE, B)IRL, BESX,  BRASLEE. BRIt
FHE. BRESER. ROBBRESLAZE " 155 2021-028534,2021 £3 A 25 8.

3. WER ESTEY EME, TV FFYUR - SHUY FRE, HFE, E)IRL, BESX,  BRRSER. BEASE
FHiE. BRESEEE. NUBBRESLAE " 1558 2021-028459, 2021 F£3 A 25 H

4. MAEz,k4mE, B)IEL, Exz=th, EHYERE,"EESHERE BESHETOVSLRUEESHEY AT L ", FFE
2021-158823, 2021 £ .

7 + b 2 EEERIZEF — L Innovation Photon Manipulation Research Team

(1) FREFR (accept) ZF L . Original Papers

1. Tanaka, T, Yano, T, and Kato, R.: “Nanostructure-enhanced infrared spectroscopy”, Nanophotonics (published online) (2021).

2. Olaya, C, Hayazawa, N., Balois-Oguchi, M., Hermosa, N., and Tanaka, T.: “Molecular Monolayer Sensing Using Surface Plasmon
Resonance and Angular Goos-Hanchen Shift”, Sensors 21, 4593 (2021).

3. Luo, Y. Chy, C, Vyas,S., Kuo, H., Chia, Y., Chen, M, Shi, X,, Tanaka, T., Misawa, H., Huang, Y., and Tsai, D.: “Varifocal Metalens for Optical
Sectioning Fluorescence Microscopy”, Nano Letters 21, 5133-5142 (2021).

4. Katsumata, S., Tanaka, T., and Kubo, W.: “"Metamaterial perfect absorber simulations for intensifying thermal gradient across a
thermoelectric device”, Optics Express 29, 16396-164065 (2021).

5. Jung, W, Jung, Y., Pikhitsa, P, Feng, J., Yang, Y., Kim, M., Tsai, H., Tanaka, T., Shin, J., Kim, K., Choi, H., Rho, J., and Choi, M.: “Three-
dimensional nanoprinting via charged aerosol jets”, nature 592, 54-59 (2021).

(2) EE - @85 & Book Editions, Review Papers
1. HHHRS " AZITUTIVRIUREFRNGIE ", /87 547> R, 32,37-41 (2021).
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Yoon, G., Tanaka, T., Zentgraf, T., Rho, J., “Recent progress on metasurfaces: applications and fabrication”, Journal of Physics D:
Applied Physics, 54, 383002 (2021).

HFPRE ,  HAZITIT IV, BRT 715 2 v o X% Fine Ceramics Report (FCReport), 39, 55-59 (2021).

BHHEE " HARITUTIVEZDORAR " A7 Z2—X F7./0Y— LY F,15(2021).

(3) #31%:88 Invited Talks

1.

Tanaka, T., “Metamaterials for IR spectroscopy”, Global Nanophotonics 2022 (Core-to-Core Symposium GNP2022), Osaka, March
(2022).

Kato, R., Yano, T., Tanaka, T., “Visualizing Optical Fields of Dielectric-Based Metamaterials via Mid-Infrared Photothermal Imaging”,
Global Nanophotonics 2022 (Core-to-Core Symposium GNP2022), Osaka, March (2022).

Yano, T., Kato, R., Tanaka, T., “Ultrasensitive plasmonic sensing of single biomolecular complexes”, Global Nanophotonics 2022 (Core-
to-Core Symposium GNP2022), Osaka, March (2022).

Balois-Oguchi, M., Hayazawa, N., Tanaka, T., “Analyzing sub-nanometer strain in monolayer graphene via tip-enhanced Raman
spectroscopy”, Global Nanophotonics 2022 (Core-to-Core Symposium GNP2022), Osaka, March (2022).

HPHRE , " A2IT VT IVERADK ", BERHER KT - S VOABSY VRY D L TBRRERSPHADORER , E8,
12 B 17 B (2021).

Tanaka, T., “Ultrasensitive IR spectroscopy inspired by metamaterials”, The International Chemical Congress of Pacific Basin Societies
2021 (PacifiChem 2021), USA, December (2021).

Tanaka, T., “Ultrasensitive and Selective Gas Molecule Detection using Vertically Oriented Metamaterial Absorber”, 2021 MRS Fall
Meeting, USA, November (2021).

Tanaka, T., “Optical metamaterial absorber and its application for ultrasensitive spectroscopy”, The 10th International Workshop on
Advanced Materials Science and Nanotechnology (IWAMSN 2021), Vietnam, November (2021).

Tanaka, T., “Metamaterial enhanced ultrasensitive vibrational spectroscopy techniques”, SPIE Optics+Photonics 2021, USA, August
(2021).

. Yano, T, Tanaka, T., “Plasmon-enhanced vibrational nanoscopy for molecular imaging and analysis”, SPIE Optics+Photonics 2021,

USA, August (2021).

. Tanaka, T., “Metasurface enhanced high-sensitive IR spectroscopy”, The 11th International Conference on Metamaterials, Photonic

Crystals and Plasmonics (META2021), Poland, July (2021).

. Tanaka, T., “Optical metamaterial absorber and its application for spectroscopy”, International Conference on Nano-photonics and

Nano-optoelectronics (ICNN2021), Japan, September (2021).

Jeis L—H—INITAZEF—L .~ Advanced Laser Processing Research Team

(1) [FESRX (accept) Z3E . Original Papers

1.

Bai, S., Ren, X,, Obata, K, Ito, Y., and Sugioka, K.: “Label-Free Trace Detection of Bio-Molecules by Liquid Interface Assisted Surface-
Enhanced Raman Scattering Using Microfluidic Chip”, Opto-Electron. Adv. (in press).

Bai, S., Hu, A, Hu, Y., Ma, Y., Obata, K., and Sugioka, K.: “Plasmonic Superstructure Arrays Fabricated by Laser Near-Field Reduction for
Wide-Range SERS Analysis of Fluorescent Materials”, Nanomaterials 12, 970 (2022).

Caballero-Lucas, F., Obata, K., and Sugioka, K.: “Enhanced ablation efficiency for silicon by femtosecond laser microprocessing with
GHz bursts in MHz bursts (BiBurst)”, Int. J. Extrem. Manuf. 4, 015103 (2022).

Zhang, D, Li, X, Fu, Y., Yao, Q. Li, Z, and Sugioka, K.: “Liquid vortexes and flows induced by femtosecond laser ablation in liquid
governing formation of circular and crisscross LIPSS”, Opto-Electron. Adv. 5, 210066 (2022).

Suzuki, D., Serien, D., Obata, K., Sugioka, K., Narazaki, A., and Terasaki, N.: “lmprovement in laser-based micro-processing of carbon
nanotube film devices”, Appl. Phys. Express 15, 026503 (2022).

Wang, H., Ji, K, Wang, Y., Liu, Z,, Gao, Y., Shen, Y., Bai, S., Sugioka, K., and Qi, X.: “Anti-parity-time topologically undefined state”, New
J.Phys. 23,123039 (2021).

Ma, Y., Tao, L., Bai, S., and Hu, A.: “Green Synthesis of Ag Nanoparticles for Plasmon-Assisted Photocatalytic Degradation of
Methylene Blue”, Catalysts 11, 1499 (2021).



Sugiyama, H., Tsunemitsu, K., Onoe, H., Obata, K., Sugioka, K., and Terakawa, M.: “Microfabrication of cellulose nanofiber-reinforced
hydrogel by multiphoton polymerization”, Sci. Rep. 11, 10892 (2021).

Lu, G, Wang, L., Li, H., Ji, Z, Wang, Q., Pei, X, and Sugioka, K.: “Methods for the suppression of "residual stress holes" in laser shock
treatment”, Mater. Today Commun. 28, 102486 (2021).

. Lu, G, Li, J, Ji, Z, Li, H, Yao, C, Li, J,, Sugioka, K., and Zhao, G.: “How does the pulsed laser turn into ‘force’?”, Measurement 185,

110016 (2021).

. Zhang, C, Hanchang, Y., Wang, C,, Zhang, J., Zhao, L., Zhang, H., Zhu, W., Zhai, H., Wu, D., and Sugioka, K.: “Real-time capture of single

particles in controlled flow by a rapidly generated foci array with adjustable intensity and pattern”, Opt. Lett. 46, 5308 (2021).

. Wang, C, Hu, Z, Yang, L, Zhang, C,, Zhang, L., Ji, S., Xu, L., Li, J, Hu, Y., Wu, D., Chu, J,, and Sugioka, K.: “Magnetically driven rotary

microfilter fabricated by two-photon polymerization for multimode filtering of particles”, Opt. Lett. 46, 2968 (2021).

. Obata, K., Caballero-Lucas, F., and Sugioka, K.: “Material processing at GHz burst mode by femtosecond laser ablation”, J. Laser Micro/

Nanoengin. 16, 19 (2021).

(2) EE - @85 & Book Editions, Review Papers

1.

9.
10.
1.

12.

Zhnag J., Sugioka, K., “Basics and Applications of Optical Interferometers Integrated by Femtosecond Laser”, Appl. Res. (2022). (in
press)

Sugioka, K., “Sugioka, K. (Ed.), Handbook of Laser Micro- and Nano-Engineering”, Vol. 1 - Vol. 3, (Springer, Berlin), (2021).

Xu, J.,, Cheng, Y., Sugioka, K., “Optics for beam shaping in laser processing”, Sugioka, K. (Ed.), Handbook of Laser Micro- and Nano-
Engineering Vol. 1, (Springer, Berlin) p.495-494 (2021).

Xu, J., Cheng, Y., Sugioka, K., “Basic optics and diagnostics apparatus for ultrashort pulse laser micro/nanoprocessing”, Sugioka, K.
(Ed.), Handbook of Laser Micro- and Nano-Engineering Vol. 1, (Springer, Berlin) p.671-684 (2021).

Serien, D., Sugioka, K., “Laser printing of biomaterials”, Sugioka, K. (Ed.), Handbook of Laser Micro- and Nano-Engineering Vol. 3,
(Springer, Berlin) p.1767-1798 (2021).

Sugioka, K., “Will GHz burst mode create a new path to femtosecond laser processing?”, Int. J. Extrem. Manuf. 3,043001 (2021).
Zhang, D., Zhuguo, L., Sugioka, K., “Laser ablation in liquids for nanomaterial synthesis: diversities of targets and liquids”, J. Phys.
Photonics 3, 042002 (2021).

Bai, S., Sugioka, K., “Recent Advances in the fabrication of highly sensitive surface-enhanced Raman scattering substrates:
Nanomolar to attomolar level sensing”, Light Adv. Manuf. 2, 13 (2021).

Sima, F., Sugioka, K., “Ultrafast laser manufacturing of nanofluidic systems”, Nanophotonics 10, p.2389-2406 (2021).

EEERXR," 7L ML—Y—T0eI YV VORADER ", L—F—38, 50, 117-121 (2022).

EEERXR, 27 L—YINIoBTOWHREM: 271 1 ECHIC", 2020 FEXLEX£ZREMICET2REE () XEEXERMRERGS
") ,159-163 (2021).

/NEZZARER, 431 JNIVAL—HINTI ", 2020 FE DEEMERRAEREE) (B AEERMREGRE) | 214-217 (2021).

(3) #B1F:88  Invited Talks

1.

Sugioka, K., “Advanced laser processing for fabrication of functional micro and nanodevices”, XIOPM-RAP Joint Webinar on
Photonics, Online, November (2021).

Sugioka, K., Bai, S., “Hybrid femtosecond laser processing for fabrication of microfluidic SERS chip enabling attomolar sensing”, 13th
Int. Photonics and OptoElectronics Meetings (POEM 2021), Wuhan, China (Hybrid), November (2021).

Sugioka, K., Bai, S., “Metal nanostructuring inside 3D glass microfluidics by hybrid femtosecond laser rocessing for attomolar SERS
sensing”, 30th Int. Cong. on Applications of Lasers & Electro-Optics (ICALEO 2021), Web conference, October (2021).

Sugioka, K., Bai, S., “3D microfluidic SERS chips fabricated by hybrid femtosecond laser processing for attomolar sensing”, 4th Int.
Conf. on Ultrafast Optical Science (UltrafastLight-2021), Moscow, Russia (Hybrid), October (2021). Plenary talk

Sugioka, K., Caballero-Lucas, F., Obata, K., “Improvement of Fabrication Resolution in Multi-Photon Polymerization by Using GHz
Burst Mode”, 29th International conference on Advanced Laser Technology (ALT 21), Moscow, Russia (Hybrid), September (2021).
Sugioka, K., Sima, F., Kawano, H., Miyawaki, A., “Femtosecond laser 3D processing: fabrication of manofluidics for mechanism study
of cancer cell metastasis”, 2nd Int. Workshop on Frontiers in Lasers and Applications (FLA-2), Online, July (2021). Keynote talk
Sugioka, K., “Advanced femtosecond laser micro and nanoprocessing”, 2nd Int. Summit on Photonics & Laser Technol. (Optics &
Lasers 2021), Online, June (2021). Keynote talk
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1.

12.

Sugioka, K., “Ultrafast laser processing: Recent progress and future perspective”, 6th UKP-Workshop: Ultrafast Laser Technology,
Online, April (2021).

FERZR," 7L ML ——3XTMIT EBHERET A 7 O 7 /A AVERADGR ", N F 2 A7 1 7 AMTEMHERE 6 Bl
VRSUTATIVVRITLN, F T4 ,3 82 H(2022).

. \MBZKER, Francesc Caballero-Lucas, #2[=X , "GHz N\—X FE— R 7 2 L L —H/NVVRIC L ZHEMNI ", 5 96 B L—H70

TERFERS, 724> ,1 8 18 H (2022). F558%
EREZER," L—YNINFORHEME ", S 3 ENERRMREGSCERDOCIF—, 4>512>,7 82 H (2021).
EREZER,” 7T LM L—Y 3 RTMIEISA ", L—HE%E 190 BfRR , 751> ,5 A 26 B (2021).

(4) |E. YVRIIL, ©ZF—F#  Meeting, Symposiums and Seminars

1.

2nd Int. Workshop on Frontiers in Lasers and Applications (FLA-2), Online, July (2021).

(5) WEITANEFHE PEY IR (MEREL EDIGHEESE)  Topics

N o vk W=

EEZER , REERIREGRFERE .

HEER, ICANEFE7 1 0—RE .

#2FB= 2K , Outstanding Paper Award of International Journal of Extreme Manufacturing in 2020 & .

2SR, Best Editor Award of International Journal of Extreme Manufacturing in 2020 2 &

Bai,S.BO6ET+ FZVRT—Uav T THEMECHERMOXR! | | , BF/LEYT—YaVERE.

Bai, S., RIKEN, The 13th Research Incentive Award Z&

Zhang, D., Li, X., Fu, Y., Yao, Q., Li, Z,, Sugioka, K., “Liquid vortexes and flows induced by femtosecond laser ablation in liquid
governing formation of circular and crisscross LIPSS”. H* Opto-Electron. Adv. 5 (2022). @ Front Cover Page |C18& .

TINIVY FEERFEF— L. Tera-Photonics Research Team

(1) EZE®R (accept) 2=L  Original Papers

1.

Takida, Y., Nawata, K., Notake, T., Otsuji, T., and Minamide, H.: “Optical up-conversion-based cross-correlation for characterization of
sub-nanosecond terahertz-wave pulses”, Opt. Express 30, 11217-11227 (2022).

Minamide, H., Nawata, K., Moriguchi, Y., Takida, Y., and Notake T.: “Injection-seeded terahertz-wave parametric generator with timing
stabilized excitation for nondestructive testing applications”, Rev. Sci. Instrum. 92, 093002 (2021).

Shibuya, K., Nawata, K., Nakajima, Y., Fu, Y., Takahashi, E., Midorikawa, K., Yasui, T., and Minamide, H.: “Characteristics of nonlinear
terahertz-wave radiation generated by mid-infrared femtosecond pulse laser excitation”, Appl. Phys. Express 14, 092004 (2021).

Han, Z., Ohno, S., and Minamide, H.: “Electromagnetic wave tunneling from metamaterial antiparallel dipole resonance”, Adv.
Photonics Res. 2, 2000186 (2021).

(2) EE - @85 & Book Editions, Review Papers

1.

B, ERGEE, BME2ER, BHEE, " \v T — R« TINVYIRISS A M) v IRIRICBIT 2 H R — RIRESHE 7, SR
H,91,32-36 (2022).

R, ST BT INIVYENREZTDNA] B EHBITHT> T, BRRMEFZREE, 31(2), 5 (2022).

BEH, ERGRE, BrEE, mERE, 8RNy 77— R - THZ NS X b v 7 REZFDISA ", BARMEZREE, 3102,
14-21(2022).

AT, " BET IANIYIBINT A MUy IR, CS) 42 Current Review42 FRAMEDILZRE - E/R-NADSTSANIVYET -,
32-36 (2021).

FEEEE , FHEIELH , J5550 , "a. R 7, BARIMEFREE, 31(1), 63-68 (2021).

(3) #31%:88 Invited Talks

1.

Minamide, H., “Leading-edge THz-wave research opened up by nonlinear photon-conversion devices”, 9th Russia-Japan-USA-
Europe Symposium on Fundamental and Applied Problems of Terahertz Devices and Technologies (RJUSE TeraTech-2021), Japan,
November (2021).



Minamide, H., “Advanced optical parametric oscillator to generate tunable terahertz waves”, The IX International Symposium “Modern
Problems of Laser Physics (MPLP2021)", Online, August (2021).

Minamide, H., “"High-brightness terahertz-wave parametric sources for nondestructive application”, The 12th International
Conference on Information Optics and Photonics (CIOP2021), Online, July (2021).

Minamide, H., “High-brightness backward terahertz-wave parametric oscillators for 3D nondestructive applications”, CLEQ:2021,
Online, May (2021).

BE# "B TINIVYEINSA ) Yy THREZDSE ", L—YHRE 192 Bfts  LmL —THREISERM, 4
>4~ ,2H 21 H(2022).

REERE , " RITHT TNV IR - IEHERAENRE BV ETER — ", A-STEP TEHEOMEZaIAEE T 2 Hr 2B M3
R FIERIC K ZREEMROMIEM] MRkRES, e, 12 A 28 H (2021).

KEFAHE " ATEEOILAEMEICED T INVYEFIE ", EFERBEF MR ED bf - THz Bkt , L&, 12 A 20 B (2021).
mERE , KFHE , BEA, " BRET SNV REIERTFOMERE ", 51 3 EEAADAFRPHZEIET O Y 7 BHHIXEE
B (B2 E20FERHEI L) A5, 88 13 H(2021).

(4) 2. YVKRIVL, £ZF—EM#  Meeting, Symposiums and Seminars

1.
2.

B VRV UL TREFIFME , 4>>510>,28288-38 18 (2022).
2021 FEEH— NICTBRT NIV T—92 3y, #0542 ,1 B 12 H (2022).

(5) ¥¥EFHFE ~ Patent Applications

1.

B, FBHRE, 704 v 7 25— RUNFRHESZE ", 1558 2022-21012,2022 F2 5158 .

TINIVY A A—=I 2V JHFEF — L./ Terahertz Sensing and Imaging Research Team

(1) FREFR (accept) ZF L . Original Papers

1.

[Review] SENHEER , (LIGREM , (REIEE , KHED, BILERR " 7NV BREFL —V—ICKBKPEEERELZDIGH ",
¥,50%,128,509-516 (2022).

Sueno, Y., Honda, S., Kutsuma, H., Mima, S., Otani, C,, Oguri, S., Suzuki, J., and Tajima, O.: “Characterization of two-level system noise
for a microwave kinetic inductance detector comprising niobium film on a silicon substrate”, Prog. Theor. Exp. Phys. 2022, 033HO01
(2022).

Ikeda, S., Yamashita, M., and Otani, C.: “Hot carrier dynamics and electron-phonon coupling in photoexcited graphene via time-
resolved ultrabroadband terahertz spectroscopy”, Phys. Rev. Research 3, 043143 (2021).

Yamashita, M., and Otani, C.: “Intrinsic and extrinsic effects on intraband optical conductivity of hot carriers in photoexcited
graphene”, Phys. Rev. Research 3,013150 (2021).

[Review] Feng, C. H., and Otani, C.: “Terahertz spectroscopy technology as an innovative technique for food: Current state-of-the-art
research advances”, Crit. Rev. Food Sci. Nutr. 61, 2523 (2021).

Feng, C. H., Otani, C, Ogawa, Y., and Garcia-Martin, J. F.: “Evaluation of properties in different casings modified by surfactants and
lactic acid using terahertz spectroscopy-A feasibility study”, Food Control 127, 108152 (2021).

Yamazaki, S., Ueno, Y., Hosoki, R, Saito, T., Idehara, T., Yamaguchi, Y., Otani, C,, Ogawa, Y., Harata, M., and Hoshina, H.: “THz irradiation
inhibits cell division by affecting actin dynamics”, PloS One 16, 0248381 (2021).

Hoshina, H., Yamazaki, S., Tsubouchi, M., and Harata, M.: “Terahertz irradiation effects on the morphology and dynamics of actin
biopolymer”, J. Phys. Photonics 3, 034015 (2021).

Lee, K., Génova-Santos, R. T., Hazumi, M., Honda, S., Kutsuma, H., Oguri, S., Otani, C., Peel, M. W., Suzuki, J., Tajima, O., and Won, E.: “A
forecast of the sensitivity on the measurement of the optical depth to reionization with the GroundBIRD experiment”, Astrophys J.
915,88 (2021).

. Wang, L, Lin, T.T,, Chen, M.X., Wang, K., and Hirayama, H.: “Engineering of electron-longitudinal optical phonon coupling strength in

m-plane GaN terahertz quantum cascade lasers”, Appl. Phys. Express 14, 112003 (2021).

. Wang, L, Lin, T.T,, Chen, M.X,, Wang, K., and Hirayama, H.: “Leakages suppression by isolating the desired quantum levels for high

temperature terahertz quantum cascade lasers”, Sci. Rep. 10, 1038 (2021).
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12. Otani, C, Ikari, T., and Sasaki, Y.: “Development of 300 GHz walk-through body scanner for the security gate applications”, Proc. SPIE
11827, 11827N (2021).

13. Momiyama, H., Sasaki, Y., Yoshimine, |, Nagano, S., Yuasa, T., and Otani, C.: “Depth super-resolved imaging of infrastructure defects
using a terahertz-wave interferometer”, NDT & E International. 120, 102431 (2021).

(2) EE - @K & Book Editions, Review Papers

1. Feng CH,, Otani, C, Garcia-Martin, J. F., “Flavonoids as a starting point for therapeutics against COVID-19: Current state of the art
research advances”, The Book of Flavonoids (2021).

2. RBEE, "% | 88 & 1 & Basic concept : TNV OB ZOEBMER ", FMEOILZEFR ERADS T INIVYET (BRE
Fo® EERA (2021).

3. REIERE,"H | 8 E 2 E Interview : 70V bV Y, FIMEDERIR ERADS T IANIVYET (BFREER R) |
{EZFREA (2021).

4., FREERE, "SI E N BEBLERSDFO THZ ARFRE ", FAMROCENA EFADSTINIVYET (BRMEER R | (LFE
A (2021).

5. [ ¥&%52= 1 Feng CH., Moravec, E.,, Nanut, T., Raducha, T., Reshef, O., Sivakumar, C., Williams, L.N. A., “The spectrum of early career

physics”, Nat. Rev. Phys. 3, 772-776 (2021).

BILE, " TN OCT LK B4 > 7 T iEEYEmRER MO ", X7 547> X, 2021 F£12 A5 (2021).

BRREE, " TINVYRHTREIEDFOREE LA T I VR ", BHF,70,436-440 (2021).

KBHAT," TINVIEE IV T « A A=D U TRME SR ", REEAT, 72, 429-432 (2021).

KAHTT, " ZEOZREDRAZ LA T, 7NV T0 ./ 0V =7 +—Z L@, 19, 1(2021).

O ® N o

(3) 1B7FE8E  Invited Talks

1. Otani, C, Ikari, T, Sasaki, Y., “Development of 300 GHz walk-through body scanner for the security-gate application”, International
Symposium on Future Trends of Terahertz Semiconductor Technologies 2022 (TST2022), Kyoto and online, Japan, March 5-6 (2022).

2. Otani, C, lkari, T., Sasaki, Y., “Development of 300 GHz walk-through body scanner”, 9th Russia-Japan-USA-Europe symposium on
Fundamental & Applied Problems of Terahertz Devices & Technologies (RJUSE 2021), Sendai and online, Japan, November 1-4 (2021).

3. KBHAT," TINVYEMOREDEM ", BAA 7 A A MOZI A 74 b7/ OY—FiliEa 2021 FEF 2 BEER,
Online, 10 B 6 B (2021).

4. {RFlZ23E , “Dynamics of bound water in macromolecules studied by THz spectroscopy”, £ 3 EE{tZRZHARILKS , Online,
10 B 2-3 H (2021).

5 KBHIT,"SVRE - TINWVYEL—F—2BWE3IDA A=Y ", S 3 EERARHFZRPEZERILET O Y 7 @HHXEE
JE=, Online, 8 B 13 H (2021).

6. Otani, C, lkari, T., Sasaki, Y., “Development of 300 GHz walk-through body scanner”, SPIE Optics+Photonics, Terahertz Emitters,
Receivers and Applications, Online (Hybrid Bgf# ), August 1-5 (2021).

7. Hoshina, H., Yamazaki, S., Tsubouchi, M., Harata, M., “Effects of Terahertz irradiation to the morphology and dynamics of actin
biopolymer”, E-MRS Spring meeting 2021, Online, May 31 (2021).

8. KBHT," TINVYEILKBDAA—I VT -2V VTR EER ", EFEREEESR Webinar 77 /0 —FL Y P2V 1U—X,
Online, 4 A 9 A (2021).

(4) &8, YVERIIL, £XF—ZX  Meeting, Symposiums and Seminars

1. [EZF—FEIFEBETINIVEIRREZF— , BIEMN100% GEMN35H, A0F10865%) , FR UMMTUv KR
BE) ,10 B 27 B (2021).

2. [BraBR]ABHT, ERABE , REX, " ~ JST-ACCEL 70495 L~300 GHz T SNV I+ — 9 Zb—RT7T 1 —XF ¥
F—OHEEH ", BRa All About Photonics, 852, 10 B 27-29 B (2021).

(5) HEINEFE . FEY IR MERELEDBHSE)  Topics

1. ISRYEEREEORMIC GroundBIRD BESEHENETND , 2022 F1 BS .

2. BTIESE, 2021 FE8HS, pp.60-61," X IOADESE ch 38E | T/REHM #12 FHOBE Y ZLRFETEHS ? [BANFTHR
OHF] ", 2021FE7858.



3. YouTube,” [EFE] EvINVKVEDFEHEAEHATHES | NEFBEITA 21— [¥21OFKRvol12] ", 2021 FE785H.

TFINIVYEFEZFHIF—L  Terahertz Quantum Device Research Team

(1) FREFR (accept) Z2L  Original Papers

1. Yun, J, Lin, T. T, and Hirayama, H.: “Surface-emitting photonic crystal terahertz quantum cascade laser adopting uniform triangular
prism photonic crystal with a double-metal waveguide”, Japanese Journal of Applied Physics (2022).

2. Wang, L, Lin, T. T., Wang, K., Grange, T., and Hirayama, H.: “Leakages suppression by isolating the desired quantum levels for high
temperature terahertz quantum cascade lasers”, Scientific reports 11, 23634 (2021).

3. Wang, L, Lin, T. T, Wang, K., Grange, T., and Hirayama, H.: “Engineering of electron-longitudinal optical phonon coupling strength in
m-plane GaN terahertz quantum cascade lasers”, Applied physics Express 14, 112003 (2021).

4. Zhenhua, L., Pengfei, S., Yaozheng, W., Genjun, S, Tao, T, Zili, W., Peng, C,, Yugang, Z., Xianggian, X., Dunjun, C,, Bin, L., Wang, K.,
Youdou, Z,, Rong, Z,, Lin, T. T, Wang, L., and Hirayama, H.: “Plasma assisted molecular beam epitaxy growth mechanism of AlGaN
epilayers and strain relaxation on AIN templates”, Japanese Journal of Applied Physics 60, 075504 (2021).

5. Khan, M. Ajmal., Maeda, N., Itokazu, Y., Jo, M., and Hirayama, H.: “High injection current density via Al-graded undoped-AlGaN
cladding layer and Al-graded p-AlGaN hole source layer in AlGaN UVB LDs", Proceedings of SPIE 11891 (2021).

(2) EZE . #75& Book Editions, Review Papers

1. FLFEE, " D0 FHRITEFENDREN LED", X7 5477 > X ,32,9-14 (2021).

2. FLFH, T4 IVAERERT B ITNHSDEOD LED”, Beyond Health, Key Person (2021).
3. FILFEH, KR 0T HRITHISTNSRENNR ", 77 027 X5k, 6,120-122 (2021).

(3) #B7¥EEE  Invited Talks

1. [Keynote] Kjan, M. Ajmal., Maeda, N., Itokazu, Y., Jo, M., Hirayama, H., “Exploring to the AlGaN-based far-UVC LEDs for SARS CoV-2
deactivation instead of using toxic mercury UV lamps”, V-Optics2021, Online, October (2021).

2. Kjan, M. Ajmal,, Maeda, N., ltokazu, Y., Jo, M., Hirayama, H., “Progress on p-AlGaN UVB LEDs and our approach toward the real world
applications”, International Conference on Global Challenges in Sustainable Energy and Environment, The Women University
Multan, Pakistan, May (2021).

3. Hirayama, H., Kashima, Y., Maeda, N., Jo, M., Kjan, M. Ajmal., “Recent progress of high-efficiency AlGaN deep-UV LED”, Conference on
Lasers and Electro-Optics 2021 (CLEO 2021), San Jose, Online conference, May (2021).

4, FLFEE, " RR OO HRESZ SFREN LED OBIH ", InterAqua2022, B, 1 B 26 H (2022).

. [BF#EFEE] FLSH, REARUT INIVYEARFORAODEREBE ", V Z—#AR%t, 1 A 19 H (2022).

6. TLFEH, “RICHARFINSSEIRENLED DFK ", 74 FZ IV XAEM 7 A —Z LB 3 EARR, 7> > B, 11 B30 H
(2021).

7. FLSEH, " OO FHARICHFINDREN LED", & L—TF—DORFEM T 27 2021, EMEL I F— KX OO FERROEN
fR$xdfr, /R, 11 B 19 H (2021).

8. TLFH, MmE ERM, TR, BEEEEE, ‘GaAs RRU GaN RTINIVYEFART— FL—H—0DHERE " ERFR [EHEELE
PHEBETLY O ABMETRY AT LN\DISH] BPREEER , 7751 VH%RR, 8 B 23 H (2021).

9. L, "AlGaN RES LED DERE L BE—RR S IO FHRNOHF—", —MEEEABARFT T AA POZIIHE 74+ b
T/ OV —HiER, A4 VRS, 6 A 21 H (2021).

10. MRZ, "BHEATIANIVY QUL DER ", T 5NV IERERM & EEBIEE 182 X8R F45BMRR, £ 51 VB, 488
H (2021).

(4) %35FHFE ~ Patent Applications

1. Yun,J,Lin Tsung-Tse, FILFER , " EFH AT — FL—H—KF " 5558 2021-184428,2021 £11 B 11 H.

2. EEYE,FLEH, " EARALLAF— FEXUZThAHEZ D ELHEES ", K158 2021-127756,2021 ££8 B 3 H .
3. FF,MRE, FLSE,  8FHRAT— FL—H—FKF " $5FE 2021-092638,2021 F£6 A 1 H .
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FEFHIEHE#BIFF — L~ Photonics Control Technology Team

(1) FREFR (accept) Z3L  Original Papers

1.

Fujii, K., Goto, T., Nakamura, S., and Yao T.: “Excitation light intensity dependence of 2.2 eV yellow photoluminescence of n-type
GaN”, Japanese Journal of Applied Physics Vol. 60, No. 01, 011002 (2021).

Kato, K., Miyata, K., and Petrov V.: “Refined Sellmeier equations for AgGaSe2 up to 18 um”, Applied Optics Vol.60, No.4, pp.805-808
(2021).

Yasui, H., kabayama, S., Tachibana, T., Yumoto, M., Ogawa, T., Watanabe, Y. and Wada, S.: “Evaluation of Effect of
PlatinumNanoparticles in Aqueous Dispersion on Hydrogen Bonding State Using Attenuated Total Reflectance Infrared
Spectroscopy”, International State-of-the-art in Surface and Interface Fabrication Technologies | pp.78-86 (2021).

Louchev, O., and Wada, S.: “Short-pulsed laser-induced breakdown indielectrics with strong electron superheating:diffusion-
controlled kinetics of impact ionizationand recombination”, Journal of the Optical Society of America B Vol. 38, Issue 4, pp. 1416-
1434 (2021).

Bacholle, S., Barrillon, P., Battisti, M., Belov, A., Bertaina, M., Bisconti, F., Blaksley, C., Blin-Bondil, S., Cafagna, F., Cambie, G., Capel,
F., Casolino, M., Crisconio, M., Churilo, I., Cotto, G., de la Taille, C., Djakonow, A., Ebisuzaki, T., Fenu, F., Franceschi, A., Fuglesang,
C., Gorodetzky, P., Haungs, A., Kajino, F., Kasuga, H., Khrenov, B., Klimov, P., Kochepasov, S., Kuznetsov, V., Marcelli, L., Marszal, W.,
Mignone, M., Mascetti, G., Miyamoto, H., Murashov, A., Napolitano, T, Olinto, A, Ohmori, V. H., Osteria, G., Panasyuk, M., Porfilio, M.,
Poroshin, A, Parizot, E., Picozza, P., Piotrowski, L. W., Plebaniak, Z., Prevot, G., Przybylak, M., Reali, E., Ricci, M., Sakaki, N., Shinozaki, K.,
Szabelski, J., Takizawa, Y., Turriziani, S., Traiche, M., Valentini, G., Wada, S., Wiencke, L,. Yashin, I., and Zuccaro-Marchi, A.: “Mini-EUSO
Mission to Study Earth UV Emissions on board the ISS”, Astrophys. J. Suppl. Ser., 253, 36 (2021).

Narayanan, VL., Nozawa, S., Oyama, SI, Mann, |, Shiokawa, K., Otsuka, Y., Saito, N., Wada, S., Kawahara, TD., and Takahashi,
T.: "Formation of an additional density peak in the bottom side of the sodium layer associated with the passage of multiple
mesospheric frontal systems”, Atmospheric Chem. Phys., 21, 2343-2361 (2021).

Lo, CW., Takeshima, SN., Okada, K., Saitou, E., Fujita, T, Matsumoto, Y., Wada, S., Inoko, H., and Aida, Y.: “Association of bovine
leukemia virus-induced lymphoma with BoLA-DRB3 polymorphisms at DNA, amino acid, and binding pocket property levels”,
Pathogens 10, 437 (2021).

Lo, CW., Matsuura, R, limura, K., Wada, S., Shinjo, A, Benno, Y., Nakagawa M., Takei, M., and Aida, Y.: “UVC disinfects SARS-CoV-2 by
induction of viral genome damage without apparent effects on viral morphology and proteins", Scientific Reports 11, 13804 (2021).
Tsuyama, S., Taketani, A., Murakami, T., Sakashita, M., Miyajima, S., Ogawa, T., Wada, S., Maeda, H., and Hanada, Y.: “Quantitive
prediction of a functional ingredient in apple using Raman spectroscopy and multivariate calibration analysis”, Appl. Phys. B 127, 92
(2021).

. Giang, H., Sassa, T., Fujihara, T., Tsujimura, S., Kinashi, K., Sakai, W., Wada, S., and Tsutsumi, N.: “Triphenylamine-based plasticizer in

controlling traps and photorefractivity enhancement”, ACS Appl. Elencron. Mater. 3, 2170-2177 (2021).

. Lo, CW,, Takeshima, S., Wada, S., Matsumoto, Y., and Aida, Y.: “Bovine major histocompatibility complex (BoLA) heterozygote

advantage against the outcome of bovine leukemia virus infection”, HLA 98, 132-139 (2021).

. Matsuura, R, Lo, CW., Wada, S., Somei, J., Ochiai, H., Murakami, T., Saito, N., Ogawa, T., Shinjo, A., Benno, Y., Nakagawa, M., Takei,

M., and Aida, Y.: “SARS-CoV-2 disinfection of air and surface contamination by TiO2 photocatalyst-mediated damage to viral
morphology, RNA, and protein”, Viruses 13, 942 (2021).

. Yumoto, M., Kawata, Y., Abe, T., Matsuyama, T., and Wada, S.: “Non-destructive mid-IR spectroscopy with quantum cascade laser can

detect ethylene gas dynamics of apple cultivar ‘Fuji’ in real time”, Sci. Rep. 11, 20695 (2021).

(2) #B#EFHEE  Invited Talks

1.

Aikawa, S., Yumoto, M., Saito, T., Wada S., “Mid-infrared tunable laser based on Cr2+ doped II-VI chalcogenide”, The 8th Asian
Conference on Crystal Growth and Crystal Technology (CGCT-8), Online, March (2021).

Murakami, T., Saito, N., Ogawa, T., Tsuno, K., Sakashita, M., Wada, S., “Simultaneous laser measurement of the velocity and size of
speech-generated droplets”, OPIC2021 Laser Solutions for Space and the Earth 2021, Online, April (2021).

Aida, Y., Matsuura, R, Lo, C.W., Somei, J., Ochiai, H., limura, K., Nakazawa, M., Takei, M., Benno, Y., Murakami, T., Saito, N., Ogawa, T.,
Shinjo, A., Wada, S., “Light-based disinfection for SARS-COV2”, OPIC2021 Laser Solutions for Space and the Earth 2021, Online, April
(2021).



1.
12.

13.

I N N

limura, K., Takei, M., Gon, Y., Sakamoto, T., Wada, S., “The effect of the UV sterilization robot UVBuster on the SARSCoV-2", OPIC2021
Laser Solutions for Space and the Earth 2021, Online, April (2021).

Fukushima, T., Hirata, D., Adachi, K., Itaya, Y., Yamada, J., Tsuno, K,, Ogawa, T., Wada, S., Ebisuzaki, T., “End-of-Life Deorbit Service with
a Pulsed Laser Onboard a Small Satellite”, OPIC2021 Laser Solutions for Space and the Earth 2021, Online, April (2021).

Saitoh, K., Taketani, A, Murakami, T., Sakashita, M., Miyajima, S., Ogawa, T., Wada, S., Maeda, H., Hanada, Y., “Noninvasive quantitative
prediction of functional ingredient in apple using Raman spectroscopy and multivariate calibration”, OPIC2021 Laser Solutions for
Space and the Earth 2021, Online, April (2021).

MES , " FORTA AT LORAKE ", B VRI DL E 8 ENEFIEMR, B EFIFME L2 —, F>>14>,389
B (2021).

MBSz, " <47 OfRKHAID =S D/NRIGTRETRIY AT LOBE ", 8 5 BIFEEEA A —I >V I T N\A AB K UEIEM PR,
F>>4>,10 B 12 B (2021).

BALER, FHEA, MBS, 'C° +RMAL DT AL ERWehRNA L —H— ", L—F -SSP MEES £ 41 MERAS,
L——%%, #5414, 1519 B (2021).

. KAWR, BEEA, HEESZ, Z£RB, 8BKE , " KBRE/NIVA S/ aEBZENCREOBRRELRE ", L —F-FRFidER

E A BERRR, L—F—F&, 754>, 1A19H (2022).

MBS, " BRI LZI0F VA IVADREL ", BRI F— KL L—F—DORERAM T 177 2021, /=R, 11 A 19 B (2021).
MRS, " AEFB LAY — FERERRER", AEMXAI—MRE, A 7 OV AWB I+ —, £ V51,8827
H ,(2021).

MEEZ, " AX—bRE" OPIE21 A—R>Za—rIIbES - LT i+ —, OPIE21, #&,6 A 30 H (2021).

3) %55FHiBE  Patent Applications

ININERIED, " T7 2+ T —#E& ", 2021-164967,2021 10 B 6 B .

NMNIERIED, 72 v T —EBRUZ DIEEIGE ", 2021-165043,2021 F£10 56 B .

MEEZED, " L—Y —BRRGR U L — —EBigEEDEES % 7, 2021-097759,2021 £6 A 11 H.
tERBRIED, " REFHERZE REFHETOY S LRUERBEHEY A7 L ",2021-158823,2021 F9 5 29 H .
MEAEZED, " B RVHEEFERCELE) XV H#EELEE ", 2021-012319,2021 F£1 A 28 H.

MAEZIEFD, " TT7 v T —EBROZOIEEIAE ", 2021-165043,2021 F£10 56 B .

KIRNFEFHFEF — L  Photonics Control Technology Team

(1) [FESRX (accept) Z3E . Original Papers

1.

Heacock,B., Fujiie,T., Haun,R.W., Henins,A., Hirota,K., Hosobata,T., Huber,M.G., Kitaguchi,M., Pushin,D.A., Shimizu,H., Takeda,M.,
Valdillez,R., Yamagata,Y., and Young, A.R.: “Pendellosung interferometry probes the neutron charge radius, lattice dynamics, and
fifth forces”, Science 373, 1239-1243 (2021).

Funama,F., Hino,M., Oda,T., Endo,H., Hosobata,T., Yamagata,Y., Tasaki,S., and Kawabata,Y.: “A study of Focusing TOF-MIEZE
Spectrometer with Small-angle Neutron Scattering”, Proc. 3rd J-PARC Symposium (J-PARC2019) JPS Conf. Proc. 33,011088 (2021).
BR, FHEE, MEHht, THER , L& " U7V 2 A LEERUSIC & 2 IFEF3EERE AR O Z #RE RS EBREZE N TORE
TR ", BRI TFREE , 66(2), 89-96 (2022).

Duan,H., Morita,S., Hosobata,T., Takeda,M., and Yamagata,Y.: “Profile measurement using confocal chromatic probe on ultrahigh
precision machine tool”, Int.J.of Automation Technology Vol.15 No.2, pp.225-233 (2021).

(2) ®#&. YVKRIVL, £ZF—EM#  Meeting, Symposiums and Seminars

1.
2.

VCAD YR 7 LIRR “E 1 1 EERFORE " F¢ (UE— MK ,3 A 8 H (2022).
VCAD YR 7 LIRS "8 1 OEERFHARK ", e (UE— MR 48238 (2021).

(3) ¥5EFFE ~ Patent Applications

1.
2.

BERS , MAEZ , \WEEIED, " EH&FORMESE", 2022 F 2821 8.
WS, ZREEW, (3D, " A5 AREASERUON S AR ORAAZE ", 2021 982 8.
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3.

WEE, AL MEER, " ASAREYIaL—>aryy 7 b7 ", (EfFE) ,2021E389H8.

(4) HEINEFE - PEY 7R (MEREG EDISHEE)  Topics

1.
2.

Scientific American, "New Universal Force Tested by Blasting Neutrons through Crystal”, 2021 &£ 10 B 12 B .
Gigazine, " PFHEFE—LEAWERFIDODIFHY U A ERORMEY TE 5040 ICETMEEEHE5T 2021 FE9815H.

FiEF E— LR F—L  Neutron Beam Technology Team

(1) EEF® (accept) 2= L . Original Papers

1.

Yan, M., Ma, B., Hashiguchi, T., Taketani, A., lwamoto, C., Wakabayashi, Y., Fujita, K., Takanashi, T., Takamura, M., Kobayashi, T., Ikeda,
S., Mizuta, M., Ikeda, Y., and Otake., Y.: “Investigation of Dose Rate Distribution in an Experimental Hall of a RIKEN Accelerator-Driven
Compact Neutron Source Based on the °Be(p, n) Reaction With 7 MeV Proton Injection”, IEEE. Trans. Nucl .Sci. Volume 69, Issue 2,
pp118-125 (2022).

Fujiwara, T., Miyoshi, H., Mitsuya, Y., Yamada, L. N., Wakabayashi, Y., Otake, Y., Hino, M., Kino, K., Tanaka, M., Oshima, N., and
Takahashi, H.: “Neutron Flat-Panel Detector using In-Ga-1 Zn-O Thin-Film Transistor”, Rev. Sci. Instrum. Vo0l.93, pp013304 -01-08
(2022).

Wakabayashi, Y., Yan, M., Takamura, M., Ooishi, R,, Watase, H., Ikeda, Y., and Otake, Y.: “Conceptual study of salt-meter with 252Cf
neutron source for on-site inspection of bridge structure”, J. Neutron Res. vol. 23, no. 2-3, pp. 207-213 (2021).

Okamoto, T, Igari, T., Fukui, T., Tozawa, R., Gotoh, Y., Sato, N., Okuno, Y., Kobayashi, T., Imaizumi, M., and Akiyoshi, M.: “Gamma-ray
irradiation effects on CdTe solar cell dosimeter”, J. Appl. Phys. 60, SB (2021).

Otake, Y.: “RIKEN Accelerator-driven compact Neutron systems, RANS project -RANS, RANS-II, [ll, RANS- u -, J. Neutron Res. vol. 23,
no. 2-3, pp.119-125 (2021).

EEIE, ERB505, BREFTE, AME FEEE: " HIAPMTFAA—I 2 JEZ BV CERBRROEK « TRMUEH > X
7L BEAMBERE 21ROV ) — MEEHIOME, 58, 7 v T UL — FYVRY T LEEE Vol. 21, pp484-489 (2021).
KITHE - BN R X7 A RANS 7OV 1 h&A /773!56&%%%%& MigAE", 2> o) — b IEs THREFRERWL
feav o) — FORE - BIRICBET 52T VRIY UL 5XE pp190-195 (2021).

EMEE , Mingfei Yan, EAB 0%, BHEIA , KEER, BRNIEA, KEEEARS, BBE, BB T, XIME : /NEPETR
RANS GoWHE AU 7 IV LgREFIA LYY ) — MEEMOEREICH T HIFRERERBORRE ", 7 U — b IZER
THPEFRERN YY) — bOKRE - BEIICBET S Y RI T L] #XE pp202-209 (2021).

BHEIE, EXB0%, BHRFEH, AMRE:/NENERSRE BV R ETEEL A — Y Y JIC K B REEOIFRIERE ", O
7)) — b IZEepFRERN Y7 - C7)1‘§’k - PERICBET BTV RTY T LERXEE pp196-201 (2021).

. Li, X, Ikeda, Y., Kobayashi, T., Wang, S., and Otake, Y.: “Study on the edge-cooling target structure for transportable accelerator-

driven neutron source”, Nucl. Instrum. Methods Phys. Res. A. Vol.1017,165793, pp1-9 (2021).

. Watanabe, A, Nakai, S., Wada, Y., Sekiguchi, K., Deltuva, A., Akieda, T., Etoh, D., Inoue, M., Inoue, Y., Kawahara, K., Kon, H., Miki, K

Mukai, T., Sakai, D., Shibuya, S., Shiokawa, Y., Taguchi, T., Umetsu, H., Utsuki, Y., Watanabe, M., Goto, S.,  Hatanaka, K., Hirai, Y., Ino,
T., Inomoto, D., Inoue, A, Ishikawa, S., Itoh, M., Kanda, H., Kasahara, H., Kobayashi, N., Maeda, Y., Mitsumoto, S., Nakamura, S., Nonaka,
K., Ong, J. H., Oshiro, H., Otake, Y., Sakai, H., Taketani, A., Tamii, A., Tran, T. D., Wakasa, T., Wakabayashi, Y., and Wakui T.: “Proton- 3He
elastic scattering at intermediate energies”, Phys. Rev. Vol.C 103, pp44001-1-9 (2021).

. $AIERR, KBRS, EREFTE, RITRE 320 ) — b OBEEERRIC BT Bk NEE) LHEER ", I EREHX 43(1), 413-418

(2021).

. FHIRT  EHED , KAER, KITRE 227 U= FRADOKDREERICEFAS THIMARD S A 2REBOP-F A A-IV T

IC K BH&RET ", JC FRERSC 43(1), 101-106 (2021).

(2) EE - @85 & Book Editions, Review Papers

1.

2.
3.
4

RITHE , KBER, " /NIHEFRORH SEIFFEEANOERRAR ", 3> 7 1) — I Vol.60, No.4, 346-350 (2022).

BNIEA, " TURBRY 22— 3 > RIS, M Vol.63, No.2, 14-2 (2022).

BRIEA, “EBHHCEHIT ZEMMNTIZE ", 3579 &7 4,047, 740-744 (2021).

TP, BREAN, &2XB05 , LS, KTTHEE, 6K EB L, " /NERNLERERFE TR RANS Z A LIc it O iRz —©



5.

DL WIBZTHEFHREE > e MRDDFIREIC— ", 7Y b—T7 =21 —2Z No.774,7-10 (2021).
INREDSE , NEURAR P I FIRDBASE S MR 7, AR (SRERSBEGHRABISR) 47,1, 35-38 (2021).

(3) $B1%:88  Invited Talks

1.

1.
12.

20.

21.

22.
23.

Otake, Y., “RIKEN Accelerator-driven compact neutron systems, RANS project and their capabilities”, UCANS9(Union for Compact
Accelerator-driven Neutron Sources), Wako(online), March (2022).

Otake, Y., “RIKEN Accelerator-driven compact Neutron Systems, RANS project and their capabilities”, GWMSE-2021<2nd Global
Webinar on Materials Science and Engineering>, online, November (2021). *Plenary Speaker

Otake, Y., “Novel technology on site with compact neutron systems -RANS project”, International Forum - Advanced technology for
Industry 4, Tokushima University (Web Symposium) , November (2021). *Keynote speech

Mizuta, M., Otake, Y., “Towards Standardization, Manual publication, Technology research Association, T-RANS”, 5th RAP-JCNS
Workshop, Wako(online), June (2021).

Wakabayashi, Y., “Development of RANS- u salt-meter with 252Cf for on-site inspection of chloride attack”, 5th RAP-JCNS
Workshop, Wako(online), June (2021).

Taketani, A., Kobayashi, T., “RANS, RANS-II, latest operation Status”, 5th RAP-JCNS Workshop, Wako(online), June (2021).

lkeda, S., “Development status of an accelerator and an ion source for RANS-III”, 5th RAP-JCNS Workshop, Wako(online), June (2021).
Fujita, K., “Experiment RANS-II towards RANS-III: backscattering imaging with fast neutron”, 5th RAP-JCNS Workshop, Wako(online),
June (2021).

Kobayashi, T., “Performance improvement and operation of RANS-II”, 5th RAP-JCNS Workshop, Wako(online), June (2021).

. lwamoto, C., “Development of high-resolution engineering diffraction via TOF method with RANS”, 5th RAP-JCNS Workshop,

Wako(online), June (2021).

Ikeda, Y., “Upgrade of RANS TMRwith a new cold source systemimplementation”, 5th RAP-JCNS Workshop, Wako(online), June (2021).
KEEBER, " FHFEE A—VEFIA LIV ) — bROKDEEFOFE ", BAMRAFER $£205E0>7 U — S TEHEARES
FIZER, 754 B, 3 B 18 H (2022).

. BHFE, BECHFNERSZBEY 2 " EREREARKEMEBEMRRT — LI T —HOHEELI (R)IBF - EF) EE,

(#0¢™) WEB,3 A 14 H (2022).
BHFE, B ERPEFRERV A A DY TRITORKE ", BANEFRE 7 7TRFRAS B, EREYERED 2 RY
U L, (RB) BELX, BLERK 74542 ,3 B 18 H (2022).

. BFH, " BEM®ESR ", SOKENDAl &S EE BEFEICK S/ NENNRBRIFRSWICT—7 ¥ 3y TORBER] , REH, 12

A208 (2021) .

. BMERE " IEEFHREZ B LIPS FIERIZRELRE RANS-  OBIRIDIK I 7, T-RANS — 21— b ORI X 7 LB filiHh

ZEHAE 3EMESR, K%, 11 A 128 (2021) .

. RPTHEE, " TRANS 702 1 b DIPR—RANS-I IZ K BEIRIE] 7, T-RANS = 1 — ORI X7 LEXINHZHEEEE 3 EMRR,

A&, 11 B 128 (2021) .

- NVREDE O DNEIERBR R TFIRIC K o TOEREN S SIREFERIRIE 7, 2021 £ 82 BICAMEFSMELMBER , 71>

FfE, 98108 (2021) .

. RBRE, FEES, STHFA, MBAEX BMRE NSFFILE, MEEE, tOKB, S8R SHFHE 88 =8¢

REB, WS, BRESHEE LHZRM, HiR0EL, =E&F, WOER, BER, " [SFICHT SIMEBREIEEE~ Axelatoon
~1 " B 18 MEXIRRFRFER, A5 ,8 B9H (2021) .

BHFE, " T 0+M0O>] "SOKENDAI B #EE IRELICK S/ NEMRBMMEESTICT -7 3 v TOMBER] , /)
W, 11 B108 (2021) .

RITHE, " PEFIRCHRERET B/ NEPETRERANS 7OV v ", Bt REEER, #5404 HXm, 1M A3H
(2021) .

SHFE, " THES P EROBRIEEICE D CTERBER] " JCANSEE, #5142 ,6 258 (2021) .

RITRE, " TEHRMETIR RANS ([T K ZERHR. EXFBLAS Y7 30A) " BRNTe2+—, 451> ,6 818H
(2021) .

(4) 2. YVKRIVL, £ZF—EM#  Meeting, Symposiums and Seminars

1.

International Symposium, “UCANS9 (Union for Compact Accelerator-driven Neutron Sources 9)", RIKEN +>< >/, 3 B 28-31 H
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(2022).

VIURITL, 021 FE RANS Y URI T L @Y VRITL)- WKWK RZ TE/NEPEFIRORGH R LRI TREE
SHEBIGH (A7 )= bREAA—IVITHSFEN)-" RKEN A >>1>,5 8 13 H (2021).

Workshop, “5th Joint Workshop of RIKEN RAP and JCNS”,RIKEN > 51 >, 6 B (2021).

#5108 BHELIS—FRFIU—X, " RIFSHFCTLIOEE - KNEZIEDBLL P (FD2)] ", MKK—RE VAILT VK
Ay IVIZT7UVIHRRARE WRER, femA > >0, 11 B 48 (2021).

E500E BHELIS—lEFII—X," TOV7U— bPERHEOEEZE LGEVERREHETE " BAKFHEE kv
HRBEFENEL - BE - MZERATAZeRT BB ARMSER, #IeH4 > 5 >,9 B 13 B (2021).

F490E BHELIS— FETFY X, " TRKBERRTFOIERES L UGBMED S REHIE H B\ OBEIS A R DIRET] 7,
FHRAE BB RILKE BRI, MXh4 >35> ,6 B 2 A (2021).

#4480 BHtEIS— TV X, TEFRRIGERTHA S EHRHFE—LRENDIGH ", KEAEH B RRAFAER
BEERMRRMBERFRREMR L2 —  MEm4 > >4 ,4 A 22 B (2021).

(5) ¥35FHiFE  Patent Applications

1.

2.
3.
4

1.

BEEIE, EEB05 , BRHFHE , XTRE, " BRREE S EBERINGSE 7, 2021-190288,2021 £ 11 5248 .
BHEIE , ERB505 , GRFE , KITRE, * FFERERE L MIRRE R X 7, 2020-175252, 2021 F 10 A 198 .
BHEIR , SAB05 , SRFE , KITHE, " FFEREREE &R E A 7, JP2021/038273,2021 F£10 A 15 8 .

EMERE, BEIE, HEAX, HAES , " SRRNEEFINESE. PEFREY X7 LARUSRERUEESFIINEROELESE ",
2021-160864,2021 F£9 5 30 H .

BHEEIE , EAB05 , GRFE , KITRE, FEBE, FRIBZ , " SHKRROIEBIRIRERE & IFRIERESZE ", 2021-159483,
202198 298.

AL, BREA /ML, BRFE , " PHEFEGIVSEE P EFERIVSSE ", 2021-111611,2021 F£7 858 .

AITIRE , HEE, SR, BOZX, KBEER, b=, MR, " 7 — T IUREEB L 7 — 7 IWURETE ", IP2021/023242,
20216 B 18H.

RITHGE , BMERE, BNEA, KEFEER, TR, XBH, EREY, 02T, " FREREEBENUIFRERE Y X7 L ",2021-
087199,2021 £5 824 H.

RITRE , EMEE  HEB TR, " RERREE CREREAE ", JP2021/017704,2021 58108 .

. KRR, EMEE  BNIEA KFEE INER, XER, BRET, 5RE, " IFRRED X7 47, 2021-062001, 2021 £ 3 B 31

B.
RITE , EMEE, BREA  KFER, MR, KSR, BRET , 0FE " FFERERE ", 2021-059665,2021 3 31 8.

(6) BWEIANEFRIE FEY IR (MEREG EDBHFESE)  Topics

1.

uok W

O ® N O

2R, "RCIRRRAID LMK JERETIRE B JFETVIHRE 2022 F18218.

BRIVRA LSV ay, " pEFEYTROEDREZFTA ", 20224181085

LASATRIE, " 18EY 72 FFIERE B SV AT LRHE 2021 F 128168 .

BEERE,  PUMTFREE S EEFMEFEARE 320 — MERDIRRS{LZERIA 7, 2021 F 12510 8.

BRTLAJ)—X, "BCERRFIFE T I 27 U Y THAR - BROFRRABLIIE - FAOHFGRIE—I> 7 U —
HeOESFEA AREIC— ", 2021 F 1281 8.

LASAIREE, " K% EDIREZFEIR CE0lT 7, 2021 £ 11 B 228 .

EERRERET), " BEOBETI Y7 5%2F5 221 F11B7H.

BRFE, " BROBRERE JT7AEIC2021FE11A1H.

B/ OX7 vy (KTECH) ,"HEEFTIV 7 U — MEDIEEZFHE. RIREICTROSIEMIERE ", 2021 F 108258

. REMBE -1 -, PHRFTCIEDIREEZ NDT", 2021 £ 10 5208 .
. ERBREFRE ,  JERUE CIRRERIE ", 2021 £ 10 A 18 H.
CERTLAVY =X, EBCEMRAA U T 2)VaaRREE " B SERIEIRERE [HMEFIRSE RANS- v ZRIR -5

BRICNT 51 VT SOFHERLICER—",2021F 10814 8.



KB4 EF — L  Advanced Manufacturing Support Team

(1) FREFR (accept) Z3L  Original Papers

1. Heacock,B., Fujiie,T., Haun,R.W., Henins,A., Hirota K., Hosobata,T., Huber,M.G., Kitaguchi,M., Pushin,D.A., Shimizu,H., Takeda,M.,
Valdillez,R., Yamagata,Y., and Young, A.R.: “Pendellosung interferometry probes the neutron charge radius, lattice dynamics, and
fifth forces”, Science 373, 1239-1243 (2021).

(2) ¥5EF1FE ~ Patent Applications
1. WEEETIED, "I /0 b—LEERUIMAE ", 4R 2022-021485,2022 FF 2 A 15 8.
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Press Releases

TLAYY—A
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2021/5/13 7+ b BRIERSEERZSF — L\ / Innovative Photon Manipulation Research Team

H—REREBICHBIIZAERBATEICT HAZIT )7 IVABTIRR T EIRE
Metamaterial perfect absorber for intensifying thermal gradient across thermoelectric device

Shohei Katsumata, Takuo Tanaka, and Wakana Kubo, “Metamaterial perfect absorber simulations for intensifying thermal gradient across
a thermoelectric device,” Optics Express 29, pp. 16396-164065 (2021).

2021/5/19 BN FEHBIRFZEF — L / Ultrafast Spectroscopy Research Team

B FOESREHIEICEE1D S RNA DX 1 7 AMEEZE{t

—&HD 1 P FEAFHRETEHRA—

Microsecond Folding of preQ, Riboswitch and Its Biological Significance Revealed by Two-Dimensional
Fluorescence Lifetime Correlation Spectroscopy

Bidyut Sarkar, Kunihiko Ishii, and Tahei Tahara, “Microsecond Folding of preQ, Riboswitch and Its Biological Significance Revealed by
Two-Dimensional Fluorescence Lifetime Correlation Spectroscopy”, Journal of the American Chemical Society, 10.1021/jacs.1c01077

2021/5/25 EFA I bOZ Y AP F — L / Quantum Optoelectronics Research Team

FEFRECERINS /IEZERICEE
—F/ TV /OB BEMANDEZIRE —
Deterministic transfer of optical-quality carbon nanotubes for atomically defined technology

Keigo Otsuka, Nan Fang, Daiki Yamashita, Takashi Taniguchi, Kenji Watanabe, Yuichiro K. Kato, “Deterministic transfer of optical-quality
carbon nanotubes for atomically defined technology”, Nature Communications, 10.1038/s41467-021-23413-4

2021/7/2 BEFA 7 MILY FOZ U XHZEF — L / Quantum Optoelectronics Research Team

B—DFOREST /D
—BRL WS /BB Z ERICEHET 2 FEDHIL—
Single-molecule laser nanospectroscopy with micro-electron volt energy resolution

Hiroshi Imada, Miyabi Imai-Imada, Kuniyuki Miwa, Hidemasa Yamane, Takeshi lwasa, Yusuke Tanaka, Naoyuki Toriumi, Kensuke
Kimura, Nobuhiko Yokoshi, Atsuya Muranaka, Masanobu Uchiyama, Tetsuya Taketsugu, Yuichiro K. Kato, Hajime Ishihara, Yousoo Kim,
“Single-molecule laser nanospectroscopy with micro-electron volt energy resolution”, Science, 10.1126/science.abg8790

2021/7/5 HEFHIEFRMFIFF — L / Photonics Control Technology Team

BNMERFICKAHEIOS VAN ARE DA ZX L

— 71 )VA RNA DIBELNFRERE > fe—

UVC disinfects SARS-CoV-2 by induction of viral genome damage without apparent effects on viral
morphology and proteins

Chieh-Wen Lo, Ryosuke Matsuura, Kazuki limura, Satoshi Wada, Atsushi Shinjo, Yoshimi Benno, Masaru Nakagawa, Masami Takei and
Yoko Aida, “UVC disinfects SARS-CoV-2 by induction of viral genome damage without apparent effects on viral morphology and proteins”,
Scientific Reports, 11, Article number:13804 (2021).

2021/8/19 HEFFIEFRMFIFF — L / Photonics Control Technology Team

00

L—F—RUT—2Y A I A%ZMELT) > IRBRIEREEM S (7027 297 OEEGEHRRMER
Quantitative prediction of a functional ingredient in apple using Raman spectroscopy and multivariate
calibration analysis

Shinsaku Tsuyama, Akinori Taketani, Takeharu Murakami, Michio Sakashita, Saki Miyajima, Takayo Ogawa, Satoshi Wada, Hayato Maeda
& Yasutaka Hanada, “Quantitative prediction of a functional ingredient in apple using Raman spectroscopy and
multivariate calibration analysis”, Applied Physics B 127,92 (2021).




2021/8/19 7 MR RFZEF — L / Attosecond Science Research Team
1m0 3BODFE
—HARED B SEERE DA —

300 attosecond response of a molecule -The shortest autocorrelation time measurement- ==

Takuya Matsubara, Shinichi Fukahori, Erik Lotstedt, Yasuo Nabekawa, Kaoru Yamanouchi, Katsumi Midorikawa, “300 attosecond
response of acetylene in two-photon ionization/dissociation processes”, Optica, 10.1364/OPTICA.426071

2021/10/14 T E— LREMBERF — L / Neutron Beam Technology Team

B/ SRR ERE [HMETFIEDET RANS- 1
—HHBRICTT 51 2T ZDFHREICER—

Ultra-compact non-destructive testing system ‘Neutron salt-meter RANS-y’ - Contributing to preventive 1 _5}]'
maintenance of infrastructures against rebar corrosion

EMFTLE - Mingfei Yan - EXB505 - BRI - KEER - BREA - KEEEARS - E#E - WEB TR - KITE, " NEFREFIR
RANS I 5THEA Y 7+ IV =Y LMERERA LY 7 U — MEEMDIEEICN T IFIERERBORRE ", BxI1>7 Y — b IFER
TRMFHRERWN OV I ) — OWRE - BIICEET 2V RIY D L] #wXEE, pp.202-209 (2021)

Development of non-destructive diagnostic device for chloride attack of concrete structures by utilizing an accelerator-based compact
neutron source RANS and a Rl neutron source **’Cf

2021/11/10 Ein Rz F — L / Biotechnological Optics Research Team

) \H”’U)j(ﬁﬁ?ﬁ{ Bl
=X ZNRIEH S 2 RFEIERKRIRODHE I 72 #ZEF —
Distributed sensory coding by cerebellar complex spikes in units of cortical segments

Takayuki Michikawa, Takamasa Yoshida, Satoshi Kuroki, Takahiro Ishikawa, Shinji Kakei, Ryo Kimizuka, Atsushi Saito, Hideo Yokota,
Akinobu Shimizu, Shigeyoshi Itohara and Atsushi Miyawaki, “Distributed sensory coding by cerebellar complex spikes in units of
cortical segments”, Cell Reports, 10.1016/j.celrep.2021.109966

2021/12/01 T & — LETBEEF — L / Neutron Beam Technology Team

BERDRMAERTIME « KD IZAREE
—av7 ) — MSEDEEFHEO ATREIC —

A new detection method of sedimentation and water erosion inside bridge decks - a new technology for
guantitative assessment of concrete deterioration

BEIIB, EAB05, BRFHE, KMHRE FHFE “HELREFA A—I 2 JEE AV CERBRRDTK « TR X7
L, A0 U= MBSO, R, 77T L — NAEEE B2 5 pp.484-489
Detection System for Water and Void in Bridge Decks using Neutron Scattering Imaging

2022/2/25 ERIEIRIMIERFZEF — L. / Image Processing Research Team

WDOTHETTEIMBRBE L —Z > I D ATHEIC

—ERD X e L E VW IMERAEY S 1 L— 2 ZfE— i
On-Demand Endovascular Treatment Training System-Endovascular treatment simulator developed to
eliminate X-ray exposure to physicians-

?;gzﬁgﬂﬁ, HEFX, PEEZE, SHRE ABHE,  FFHBOERAEY I 1L —20K ", ChemBioChem, 551 [EHAME
HEF R

Development of a non-exposure endovascular treatment simulator

2022/03/24 BRI —L > MR XAEHFRZEF — L / Ultrafast Coherent Soft X-ray Photonics Research Team
HRESHHOT ML —H—
—7 M OVRIT &K DI A =D IRF /T ANEH — R

Gigawatt-class, tabletop, isolated-attosecond-pulse light source

Bing Xue, Katsumi Midorikawa, Eiji J. Takahashi, “Gigawatt-class, tabletop, isolated-attosecond-pulse light source”, Optica, 10.1364/
OPTICA.449979
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News, Meetings, Events
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June 30, 2021

COI STREAM Tab—L Y7+ Eic kb4 /RX—2a Al Gl Y RITL
COI STREAM joint symposium “New Development of Ultra-Short High Power Thin-Disc Lasers”

B AEFTEHRE -
COI STREAM [1E—L> kI hJisHilEdk 31 Jn—> 3> Hls ]

ARSIRSTA

ﬂﬁ)(}bl%ﬂjbﬁ?'flab—*f".—.ﬂ)ﬁﬁﬁﬁ

202i496A30EH 13:00~16:25 -
#A>34> (Zoom Meeting) L
BLZFHEPR KRFITFHEEYI—
COI STREAMIJE—L > hJA hAIfTICE D
A IN—33VBEI(ICCPTIl
ERAFPAEFHNFEREE (UTripd)

y -

AMLWESDhE -
thindis: symp@ml.riken.jp

August 31, 2021

2021 £ 6 A 30 BICEMAXEFIENR LV 2 — ERRAENLEFREEERK
BoHEET, MBE/INIVASEANET A A7 L—Y—0HER] LELTCOl
STREAM Tk —L > b7+ b UEMICK B4/ RX—Y aviils) EOERY Y
RITLDA VA VERTHESNE Lz, BZ7—<ICEALT. FHEE
RERITIHEEICLZBEOHRREHGFEREIN. BIMARKIE. K502 TLT

Co-sponsored by RIKEN Center for Advanced Photonics and University of Tokyo
Research Institute for Photon Science and Laser Technology, a joint symposium
entitled “New Development of Ultra-Short High Power Thin-Disc Lasers” was
held on June 30, 2021. Recent achievements on this subject were presented by
leading researchers in Japan. The number of participants was approximately 50.

EMBO | Japan Virtual Lectures
The 4th EMBO | Japan Virtual Lectures

2021 F£8 A 31 H. EMBO (RUNDFEYFEE) SIEMOREMICEL S, " HEkg
WXE1L & RIBDHF LL/NT 2 L " £ LT EMBO | Japan Virtual Lectures
D Webinar THEEINE Lz, BHO/NREXRESE. EMBO O Gerlind Wallon
BIaROREDE. TvF 5 VKE (F4Y) ®Blanche Schwappach ##%
DEIET. N—EILKE (RA4RA) @ Anne Spang #Hi%. Z L CTHEFITEH
R a2— - FFRAZRIL Y 2 —RONZNZTNHEREZITV. EREERSED
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feo FfeN\—E VAR LB OMZEEIL Meet the Speakers W5t 2 3 /(L
HBFIN, MEELESISEVERICBMLE LT

The EMBO | Japan Virtual Lectures Webinar event entitled “New paradigms of
intracellular compartmentalization and trafficking” was held on August 31, 2021,
which EMBO (European Molecular Biology Organization) and RIKEN hosted.
After the welcome address by Dr. Shigeo Koyasu (RIKEN Executive Director)
and Dr. Gerlind Wallon (EMBO Deputy President), two speakers, Prof. Anne
Spang (Biozentrum, University of Basel, Switzerland) and Dr. Akihiko Nakano
(RAP Deputy Director) gave lectures under the moderation by Prof. Blanche

EHEBD F:

EMBO | Japan
Virtual Lectures

New paradigms of intracellular

compartmentalization and trafficking
August 31, 2021 | 16:00 — 17:30 JST

16:00-16:10:

Schwappach (University Medical Center Gottingen, Germany). Very active discussions took place among 150 participants
from Europe and Japan. “Meet the Speakers” session was also held to which researchers of University of Basel and RIKEN

were invited.
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November 16, 2021

XIOPM-RAP Joint Webinar on Photonics
The 2th XIOPM-RAP Joint Webinar on Photonics

2021 £ 11 B 16 HICAZRAFREENHAERFREEBRAEF ITEMAR L 2 —0F 2 BIHDHFE T = +— “XIOPM-RAP
Joint Webinar on Photonics” B4 >S4 VX THREINE LTz, 850 &HBML. ZNZTNORRERICK BHAZEFRDRE
MKW T, WAR S5 F—LDRIEDBERICOVTRERLEER. EELINRT AODARICEATEZ/NXIVTARAY
23TV, BT T LE L

The second joint seminar between the Xian Institute of Optics and Precision Mechanics and the RIKEN Center for
Advanced Photonics “XIOPM-RAP Joint Webinar on Photonics” was held online on November 16, 2021. Following the
introduction of the institute by each representative, each of the five teams presented their recent achievements. Then, a
panel discussion on “How to accelerate collaboration between XIOPM and RIKEN” was held. The number of participants
was around 50.

B = iREeEE

January 12,2022

RIKEN-NICT Joint Terahertz Workshop
RIKEN-NICT Joint Terahertz Workshop in FY2021

2022 F 1 B 12 H, 2021 F£E BHH— NICTERA7T NIV T—0 23y TH ) P*
BRABTFTEMRL % — L EREEFEEE NICD SRETHY S =
REITNE L. ‘

REHAEIRIBERRE (Beyond5G/6G) [CET 2HFTMAFEINERICITHONDGEH e ———
T. BET 2HRVIL T IV EEMICE L TERETVE L, Bi5HE e |
BEE LT, RRIEAFORBELELE R /2 6D omaE | L e
IREDED. NICT £ RAP AV N\—ICk BRENTON, BMESHSOZEM | 77
T BRISEGEERGERMRVILITONE LT
The FY2021 RIKEN-NICT Joint Terahertz Workshop was held on January 12, e
2022 at Online. —
In the midst of active research and development on next-generation wireless
communication standards (Beyond 5G/6G), related discussions and broad L
discussions were held on terahertz-wave technology. In addition to Dr. ROt
Makoto Ando, Professor Emeritus of Tokyo Institute of Technology, and Mr. e e s e o s
Naoya Kawai of Hamamatsu Photonics K.K. as invited speakers, presentations SRR AaR €287

were made by NICT and RAP members, and active discussions including Q&A

sessions were held with the participation of approximately 50 participants.

59



60

February 4, 2022

&3 5 [u] RIKEN-RAP and QST-KPSI Joint Seminar
The 5th RIKEN-RAP and QST-KPSI Joint Seminar

The 5th
RIKEN-RAP and QST-KPSI
Joint Seminar ,

SPEAKERS

- Opening Remarks - 1&lll 553 RAP, RIKEN A
I FSANYHBIARF — s, RAP, RIKEN
7 MBHFTRF—L, RAP, RIKEN W %
HUANG, Kai L ——RITRG, KPS, QST
RBEL — —HFFRGY, KPS, QST Tt HARD
PrEL] R L MBS TRT—Ls, RAP, RIKEN
BEMT TP USIHRF L4, RAP, RIKEN B B
B8l g REMEARGr, KPST, QsT
XIRL—4 3G, KPST, QST =
KB EN EEEATFHMFRT— L, RAP, RIKEN

SEREHMEFRG, KPSI, QST ~ Closing Remarks - 7IP3 158 KPST, QST

-
February 4th (Fri),9:40-16:20, 2022
BACHHGR A H M2 FHWRF ASBE

2022 %£ 2 B 4 Hic. T 5 [3] RIKEN-RAP and QST-KPSI Joint Seminar] HDNEERFE
EFIFMEL Y2 — L EFRFRMTZSRFEMEE - B LR FHRPrO L
THVZ1/ VT NnE L

RAP - EFIBEFEHIL YR 5 &, 5T 10 BDAVN—ICKBRERRNTON, EEE
EGH 50 A TERSE G EBRGERIMRVILITSNE L, X(E 2023 Fi&.
EFRFHMFEAREE - BEXHNFMERISBRELLAY. U1 N THET
ETY,

The 5th RIKEN-RAP and KPSI Joint Seminar was held online organized with QST-
KPS| on February 4, 2022. The seminar consisted of 10 presentations each 5
presentations by RAP and QST-KPSI members.

The active discussion and Q&A were performed with approximately 50
participations including panelists. Next time, in 2023, will be an in-person event,

hosted by QST-KPSI.

BLPHEAN AR FITHHME L % — (RAP, RIKEN)
EFRPRAREASRS - BEXHSHRA (KPSI, QST)
]

February 28 — March 1, 2022

RAP o VRV L
The 9th RAP Symposium
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WIKiFsn& L

43 9 Il ey T2

The 9th RAP Symposium entitled “Advanced Photonics” was held by Online
on March 8th, 2022. The symposium consisted of four special lectures by
Prof. Taiichi OTSUJI, Research Institute of Electrical Communication Tohoku
University, Prof. Tsutomu MIYASAKA, Toin University of Yokohama, Prof. Makoto
GONOKAMI, The University of Tokyo, Tetsuomi SOGAWA, Director of NTT
Communication Science Laboratories and a few RAP members presented.

More than 200 candidates were participated online.

P Symposium
[EFITFHFKI
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[45RIEER)
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April 2021 to February 2022

RAP Seminar, from 70th to 75th

April 16,2021 Prof. Yoshihiko NAKAMURA (Research into Artifacts, Center for Engineering The University of Tokyo)

“Personal Digital-Twin and Data Science”
IN=YFIV - TIRWYAVET—BFA TR

June 18,2021 Prof. Hiroaki NISHIYAMA (Graduate School of Science and Engineering Yamagata University)
“Nonlinear light-based controls of bottom-up assembly toward direct laser writing beyond material
limitation”
MROBAEICHRENZWSEALY =TS T4 2T
—L—¥&RFRIGERSR S LR / FERBELEE RO —

July 16,2021 Prof. Shoichi TOYABE (Graduate School of Engineering Tohoku University)

“Flucidating the energetics of biological molecular machines”
EEDPFIVVDIFIIT 4V RIGES

October 15,2021 Prof. Takashi WASHIO (The Institute of Scientific and Industrial Research Osaka University)

“Innovation of Super-resolution Imaging by Measurement Informatics”
RS 747 1 0 RS BEIRIRA A~ DB

December 10, 2021 Dr. Yuya MORIMOTO (RIKEN Hakubi Team Leader, Ultrashort Electron Beam Science RIKEN Hakubi Research Team, RIKEN
Center for Advanced Photonics)

“Attosecond electron beams : production, characterization, and potential applications”
7 MEBEFE-LORE, BRE. TH

Feburay 18,2022 Prof. Sadao OTA (Research Center for Advanced Science and Technology The University of Tokyo)

“Hybrid or network cell analysis technologies”
MR RITDOME &S

The 72nd Semi IKEN oot for AQVE
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Name of award (Sponsoring organization) /” Name, position, affiliation

68

April 21,2021
Best Student Award (—f&tHEANL—Y—3%2) /A T5Y « FoU—RXA EHETOT L« TV ITA S (T4 b EERK
BEWTZE T — L)

Best Student Award (The Laser Society of Japan) /~ Cherrie May Olaya, International Program Associate (Innovative Photon
Manipulation Research Team)

June 14, 2021

AINT 40 JEERL @B R (IR O CE SRR ) Mg RTF— L) — B — Gl L — =i T F— L)

40th Anniversary Commemorative Award Winners (The Optical Industry Technology Promotion Association) ,/ Koji Sugioka,
Team Leader (Advanced Laser Processing Research Team)

July 22, 2021

915 MR FEEE, (BN RFHEAKAR) )V« I—F—Wi5EE (7 MR F— L)
The 15th Osaka University Kondo Prize ~ Research Paper Award ~ (Osaka University) ,/ Yu-Chieh Lin, Research Scientist
(Attosecond Science Research Team)

September 9, 2021

2021-2022 FF BRI 2B E (WARHEIE AR AR AR N1« 52T VIR A Otat Rl s T — L)
FY2021-2022 Veterinary Science Young Investigator Awards (The Japanese Society of Veterinary Science) ,/ Lanlan Bai,
Postdoctoral Researcher (Photonics Control Technology Team)

September 10, 2021
7 L—72 Z)L—¥ (Break Through Initiatives) /ZFHFHEF— LY —X— (WMoY =7 1) V5T — L)

Breakthrough Prize in Fundamental Physics (Break Through Initiatives) .~ Hidetoshi Katori, Team Leader (Space-Time
Engineering Research Team)

September 21, 2021
H 1500 0214 GV PR T = 0—KE (WRAEHESHYIEES) RRSERTF— L) — X — Gl L —3—inT
l)[‘/].'f““-L\)

The 15th (2021) JSAP Fellow Award (The Japan Society of Applied Physics) /* Koji Sugioka, Team Leader (Advanced Laser
Processing Research Team)

November 6, 2021

FomT7A b RAT—=vaw T BFEITLEYT—a VE OSHEIENSHYMYSE T 4 N 22 AR S ONA -
/J_LEA*I i 41[‘/HJ[J{'|}'F/LL\ (}L”m +f 7][[ [ W'F ‘i{*i\)

The 6th Photonics Workshop, Best Presentation Award of Photonics Workshop (Photonics division, the Japan Society of
Applied Physics) / Shi Bai, Special Postdoctoral Researcher (Advanced Laser Processing Research Team)

November 22, 2021

Highly Cited Researchers 2021127 T A7 ¢ —)b R CEGFEEEF — L) — X —HhEEH
Highly Cited Researchers 2021, M.D., Ph.D. Atsushi Miyawaki at Cross Field (Clarivate Analytics) /~ Atsushi Miyawaki, Team
Leader (Biotechnological Optics Research Team)




December 1, 2021

HARPEFRISARE 19 BN E (EATIE 22 RN FREE. IEE T — LY — 2 — GEit ek risET— L)
19th The JSNS Technology Prize (The Japanese Society for Neutron Science) /” Takuya Hosobata, Senior Scientist, Yutaka
Yamagata, Team Leader (Ultrahigh Precision Optics Technology Team)

December 3, 2021

BISEIMHM T AL AL VRIT LRAR—y ¥ g VIREFHE BEEHHAIRREGE) W EVSE A, REHFIRIT
ZE. WHEAKERIITE, f 2 IV7T 14#*‘ HIGESI=N %NJL/\L{‘JQDMLEL RIMEF— L) — 42— (hitre—
LB — L)
18th Radiation processing symposium, Award for best poster presentation (Radiation Application Development Association)

/" Yasuo Wakabayashi, Research Scientist, Kunihiro Fujita, Research Scientist, Shota lkeda, Postdoctoral Researcher, Yan

Mingfei, Postdoctoral Researcher, Masato Takamura, Senior Scientist, Yoshie Otake, Team Leader (Neutron Beam Technology
Team)

December 3, 2021

BISEIBEFM T AL AL VRIT LRAR—y ¥ 3 YEFE BEHRRIRIGS) MTRERTF— L) —2—, @il
FHTLE, ISR, @R EAN ERIEE (P ©— LR — L)

18th Radiation processing symposium, Award for excellent poster presentation (Radiation Application Development
Association) ,/* Atsushi Taketani, Deputy Team Leader, Takaoki Takanashi, Research Scientist, Tomohiro Kobayashi, Senior
Research Scientist, Masato Takamura, Senior Scientist (Neutron Beam Technology Team)

December 17,2021

2021 FREEHE (OSMEE N SRR R AEAHRI ) HFEAEF— LY — 2 — (@@ ahieise s — L)
2021 Shimadzu Award (Shimadzu Zaidan) ,~” Tahei Tahara, Team Leader (Ultrafast Spectroscopy Research Team)

Febrary 3, 2022

R 34 E SCOPE WIS BHFE LN E, (R ikms i OB S WIZE IR 2 (SCOPE)) /il —EF— L) —&— (874 7+l
7 hE =y AT — 1)

2021 R&D Encouragement Award (Strategic Information and Communications R&D Promotion Program) / Yuichiro Kato, Team
Leader (Quantum Optoelectronics Research Team)

March 3, 2022

JRFEWFZESEE (SR AR F e BRI EE T — LY — X — GEED OV AR B e
F—L)

Kazato Research Encouragement Prize (The Kazato Research Foundation) ” Yuya Morimoto, RIKEN Hakubi Team Leader
(Ultrashort Electron Beam Science RIKEN Hakubi Research Team)

March 11, 2022

13th HOPE meeting with Nobel Laureates “Best Team Presentation Award” (HA iRz AHIMSHHED: Ceit 7
iz F— L)

13th HOPE meeting with Nobel Laureates “Best Team Presentation Award” (JSPS) ,~ Shu Aikawa, Student Trainee
(Photonics Control Technology Team)
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March 18, 2022
FERMRRERE CERIEARSEERAE) NA « T 2 T UHEAE Gl Fiises—L)

YASUJIRO NIWA OUTSTANDING PAPER AWARD (Tokyo Denki University) ,/ Duan Hao, Student Trainee (Ultrahigh Precision
Optics Technology Team)

March 23, 2022
PERFMEIEE (B  RHBRTE T — L) — X — (5 5~V LR T — L)
RIKEN BAIHO Award (RIKEN) .~ Hiroaki Minamide, Team Leader (Tera-Photonics Research Team)

March 23, 2022

PRIRLERE, (BIML2ERTSERT) /ONA « JREEERF 2R RIIZE . Gl L—Y' —In TgeF— L), RO E AN E (5oL
VIS — 1)

RIKEN Obu Award (RIKEN)  Shi Bai, Special Postdoctoral Researcher (Advanced Laser Processing Research Team), Yosikiyo
Moriguchi, Visiting Scientist (Tera-Photonics Research Team)




Articles
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Optical lattice clock pioneer Hidetoshi Katori is the team leader of the Space-Time Engineering Research Team at the RIKEN Center for Advanced Photonics.

| Hidetoshi Katori, Breakthrough Prize winner

Hidetoshi Katori, team leader of the Space-
Time Engineering Research Team at the
RIKEN Center for Advanced Photonics, has
been awarded the prestigious Breakthrough
Prize in Fundamental Physics for his work
in developing the optical lattice clock, a
phenomenally precise type of atomic clock.
He won the award alongside Jun Ye from the
National Institute of Standards and Tech-
nology and the University of Colorado. The

clocks, which were developed independently
by Katori’s and Ye’s teams, are so accurate
that they will not go out of sync by even

a second even after a period of time that
reflects the amount of time the Universe

has existed. In addition to measuring time,
these clocks can be used to perform ‘relativ-
istic geodesy’, meaning the measurement of
heights using Einstein’s theory of relativity.
The Breakthrough Prize is a prestigious set

of international awards presented by the
Breakthrough Prize Foundation and its
founding sponsors—Sergey Brin, Priscilla
Chan and Mark Zuckerberg, Yuri and Julia
Milner, and Anne Wojcicki. Katori is also
the Chief Scientist of the Quantum Metrology
Laboratory in the RIKEN Cluster for Pio-
neering Research and a professor at the
University of Tokyo.
https://breakthroughprize.org/News/65

RIKEN RESEARCH
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