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Preface

Five 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 2022, several world-leading results have been obtained, such as “Formation of organic color centers in air-suspended
carbon nanotubes” (Quantum Optoelectronics Research Team), "A highly photostable and bright green fluorescent protein”
(Biotechnological Optics Research Team), “Over 1 Watt output power terahertz quantum cascade lasers” (Terahertz Quantum
Device Research Team), and “Agarose gel microcapsules enable easy-to-prepare, picolitre-scale, single-cell genomics”
(Ultrahigh Precision Optics 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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(Senior Research Scientist)
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(Research Scientist)
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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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Seamless transition from attosecond optical
interference to quantum interference

+ Development of a hybrid interferometer delivering an
XUV attosecond pulse pair and a sub-10 fs UV probe
pulse.

+ Observation of the angularly resolved electron spectrum
ionized from the resonantly excited 2p state of He atom
with an XUV pulse pair.

« Attosecond optical interference on the electron yield
seamlessly continues quantum interference beyond the
delay range much longer than the XUV pulse duration.

Takuya Matsubara, Yasuo Nabekawa, Kenichi L. Ishikawa, Kaoru Yamanouchi, and
Katusmi Midorikawa, "Attosecond Optical and Ramsey-Type Interferometry by
Postgeneration Splitting of Harmonic Pulse," Ultrafast Science 2022, ID 9858739.




Extreme Photonics Research Group

Attosecond Science Research Team
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Fig.1 Schematic of newly developed interferometer
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Fig.2 Angularly resolved spectrum of
electrons retrieved from the
measured velocity map image.
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Ramsey-type interference among multiple
guantum states in the time domain is one of the
crucial techniques to investigate the quantum
dynamics in a matter. In particular, the photon
energy of more than 20 eV (XUV photon) is
required for resolving the quantum dynamics in
attosecond time regime. High-order harmonic
(HH) pulse is a promising light source for this
technique. However, it was very difficult to
generate a pair of coherent HH pulse, because we
cannot fabricate a half mirror in the XUV region.
We have resolved this issue by putting a newly
developed interferometer behind the HH
generator to spatially split the HH pulse into a
pair. Key idea is that we pick up the atoms only in
the region where the HH pulse pair spatially
interferes by tightly focusing the 3rd harmonic
(TH) UV probe pulse delivered from a newly
designed interferometer.

In the experiment, we adopted a He atom as a
target exhibiting Ramsey-type interference. The
2p state was resonantly excited by absorbing one
photon of the XUV 13th order pulse pair and then
ionized with one-photon absorption of the TH
irradiated 184-fs after the XUV pulse pair. The
angularly resolved electron spectra of the
electrons were recorded with a VMI spectrometer
upon changing the delay between the XUV pulse
pair.

We successfully observed that the optical
interference fringes with a period of ~200 as on
the electron yield seamlessly continued to
Ramsey-type quantum interference fringes with
the same period beyond the delay range much
longer than the XUV pulse duration.
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Fig.3 Evolution of kinetic energy spectrum upon changing delay between XUV pulse pair.
Left panel: around zero delay to more than 14 fs. Right panel: around a delay of 92 fs. Line
profiles are superposed.
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(Senior Research Scientist)
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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
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Photoexcited Plasmon-Driven Ultrafast Dynamics of
the Adsorbate Probed by Femtosecond Time-
Resolved Surface-Enhanced Raman spectroscopy

+ Realizing femtosecond time-resolved surface-enhanced
Raman spectroscopy for the first time using the time-
domain Raman approach

» Observing photoexcited plasmon-driven ultrafast
dynamics of the molecules adsorbed at the hot spot of
metal nanoparticle assemblies, where a gigantic electric
field appears due to plasmon

Reference: P. Kumar et al. Photoexcited plasmon-driven ultrafast dynamics of the

adsorbate probed by femtosecond time-resolved surface-enhanced time-domain
Raman spectroscopy, J. Phys. Chem. Lett. in press.




Extreme Photonics Research Group

Ultrafast Spectroscopy Research Team
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Fig.1 Time-domain Raman signal (A) and femtosecond time-resolved
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Raman spectra (B) of BPE adsorbed on gold nanoparticle assemblies.

Metal nanoparticles have high potential in light-
harvesting applications by transferring absorbed
photon energy to the adsorbates. However,
photoexcited plasmon-driven ultrafast dynamics of
the adsorbate on metal nanoparticles have not been
well understood. In this study, we realized
femtosecond  time-resolved  surface-enhanced
impulsive stimulated Raman spectroscopy (TR-SE-
ISRS) for the first time and applied it to the study on
the ultrafast photoexcited plasmon-driven processes
of the adsorbates, i.e., BPE molecules, on gold
nanoparticle assemblies (GNAs). After photoexciting
the localized surface plasmon resonance (LSPR) band
of the GNAs, we found that time-resolved surface-
enhanced Raman spectra exhibit drastic changes on
a femtosecond - early picosecond time scale (Fig. 1).
The TR-SE-ISRS data indicate that photoexcitation of
the LSPR band alters chemical interaction between
the adsorbate and the GNAs on an ultrafast
timescale, resulting in the sequential appearance of
two types of the transient state of the adsorbate that
have different chemical interactions with the GNAs
(Fig. 2) before the adsorbate is relaxed to the initial
state, as illustrated in Fig. 3.
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Fig.2 Raman spectra of steady-state and two transients appearing during
the photoexcited plasmon-driven ultrafast dynamics.
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Fig.3 Photoexcited plasmon-induced ultrafast relaxation process of
BPE adsorbed on gold nanoparticle assemblies.!

Reference: 1. Kumar et al. J. Phys. Chem. Lett. in press.
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Research Subjects

v Relativistic geodesy with optical lattice clocks

v Development of transportable optical lattice clocks

v Remote comparison of optical lattice clocks with long-distance
optical fiber link
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Development of transportable optical lattice clocks
for relativistic geodesy

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

+ Development of the next generation of compact
optical lattice clocks

« Field operation of transportable optical lattice
clocks




Extreme Photonics Research Group

Space-Time Engineering Research Team
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Fig.1 Long-distance optical fiber link between RIKEN (Wako) and
NAOJ (Mizusawa Esashi). An optical lattice clock is transported to
NAOJ, and the frequencies of the RIKEN clock and the NAOJ clock
are remotely compared using the optical fiber.

The Space-Time Engineering Research Team is
developing technologies for the practical use of optical
lattice clocks. As part of the activities, the team is
currently demonstrating geodetic applications and
developing next-generation compact clocks.

The way time advances is affected by gravity through
general relativity. Clocks at lower elevations advance
more slowly than clocks at higher elevations. By
comparing the frequencies of two clocks, differences in
elevation can be measured as the beat note. Such
“chronometric leveling” enables measuring elevation
more precisely and rapidly than conventional leveling
techniques; the real-time changes in elevation due to
crustal deformation may be measurable. This year, the
team started an experiment to remotely compare the
frequency of the clocks at RIKEN and at NAOJ by using
an optical fiber (800 km long) that connects the two
clocks over a distance of 500 km (Fig. 1). If the height
uncertainty of 1 cm over a 6-hour period is achieved,
the tidal effect is measurable. Measurement
reproducibility of 1 cm over a year may allow observing
long-term uplift of the ground after earthquakes.

In the development of next-generation compact
optical lattice clocks, the team has developed a clock
system with a volume of 250 L (one-seventh of our
previous clock) (Fig. 2). In the future, the team plans to
install such compact clocks in various parts of Japan,
connect them by optical fibers, and compare the clocks
for applications in geophysics, such as observation of
crustal deformation caused by plate motions and
volcanic activities. The team also aims to establish a
network of optical lattice clocks that can be used
complementary to global positioning satellite systems
and high-sensitivity gravimeters by networking optical
lattice clocks.

M2 RN FERSTOMEB/NNY 57—, WE
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Fig.2 Physical package for the next generation of compact

optical lattice clocks. The team has developed a system with a

total volume of 250 L (one-seventh of our previous system),

including the physical package and laser system.
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Research Subjects
v Room-temperature telecommunication-wavelength single
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photon source

v" Electroluminescence devices with extremely low energy
dissipation

v" Optical sensors with novel functionalities
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(Special Postdoctoral Researcher)
Daichi Kozawa, Shun Fujii
(Visiting Researcher)
Daiki Yamashita
(Assistant)

Yoriko Nissaka (c) « Functionalization of air-suspended carbon
nanotubes

+ Chemical reactivity explained by the diameter of
carbon nanotubes

+ Introduction of very low-density defects that is
desirable for quantum light sources

Formation of organic color centers in air-suspended
carbon nanotubes using vapor-phase reaction

Reference: D. Kozawa, X. Wu, A. Ishii, J. Fortner, K. Otsuka, R. Xiang, T. Inoue, S.
Maruyama, Y. Wang, and Y. K. Kato, “Formation of organic color centers in air-
suspended carbon nanotubes using vapor-phase reaction,” Nature Commun.
13,2814 (2022).
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Quantum Optoelectronics Research Team

Extreme Photonics Research Group
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The use of quantum light attracts attention as a
technology that goes beyond conventional
information processing and communication.
Carbon nanotubes have great potential as a
quantum light source because they can
generate single photons at room temperature in
the telecom wavelength range. Air-suspended
carbon nanotubes immediately after synthesis are
expected to be used as a quantum light source
because their photoluminescence (PL) quantum
yield is several times higher than that of solution-
dispersed nanotubes. Existing methods, however,
are limited to a solution process which is

incompatible  with air-suspended carbon
nanotubes.
We here demonstrate a method for

functionalization ~ of  air-suspended  carbon
nanotubes by a vapor-phase chemical reaction
method using iodobenzene vapor (Fig. 1). The
introduction of quantum defects can be verified by
comparing emission spectra of the same
nanotubes before and after the reaction (Fig. 2
left). We find that tubes with smaller diameter
shows higher reactivity and denser defects (Fig. 2
right). This technique will lead to telecom single
photon sources with improved performance.
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Fig.1 (left) Scanning electron micrograph, (right) tube after the functionalization
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Fig.2 (left) PL spectra for an identical air-suspended carbon nanotubes before and after the functionalization, (right) Diameter

dependence of estimated defect density
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Miyuki Matsushita (c)
(International Program Associate)
Dong Dianhong
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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

0mJfk Y7251
L—9—2Y X7 LOBRE

- EHREO L —Y —18iE% (DC-OPA) =4k
s TEROBY A7 IVL—F =T LT100 BOEE AL
« 7 MNIVADERR. RUBIXIVF—LNEB

100-mJ class, sub-two-cycle, carrier-envelope phase-
stable dual-chirped optical parametric amplification

« RIKEN's original laser amplification method called DC-
OPA

« 100 times higher output energy than conventional few-
cycle laser systems

« Pave the way to shorter wavelength and higher output
energy attosecond pulses

L. Xu, B. Xue, N. Ishii, J. Itatani, K. Midorikawa and E. J. Takahashi, “100-mJ class, sub-
two-cycle, carrier-envelope phase-stable dual-chirped optical parametric
amplification”, Opt. Lett. 47, 3371-3374 (2022).
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Extreme Photonics Research Group

Ultrafast Coherent Soft X-ray Photonics Research Team

L—H—XEMBEBDORBEERZRYKS &8E
L—H—RERRICEVT/UVABEERICEEN
3 TL—HY—BBOY 17 IUE0 1. ME LD
B A RET HBHTEER/INTA—2—EKY
¥9, Ba®EIdb—L > bR X @AFEAERF—LT
EHED L —Y—18iIgEATHS DC-OPA ZHWT
100 M) TJOEHZEF DY T 247 ILL—HF—T X
T LDREFICE Y A F LTz,

DC-OPA DIEMEIEE T IZ BiBO (BiB;0,) &% B F
L. 3E#ERkE LE LT (K1), R 17)Uk%E
RIFIBBIC. V— FPAREICIEIBESUEERE B
CERAEREZHFA L. HERAEHIEE LILE
i — R ERETEE LIz, DC-OPA BIRDFER.
JINJVANE 104 7 T L b, /DRI RIVF—102 =
JIa—jb, E=OHAD10F7ZTy bDL—HF—
ATLOBREICELE L (K 2), L—F—0DH
ERIE 1.7 AUV OA—2—THBI L5, 4
EEEOFELIERNDOEHT A 7 IVERICBWNT 2
AW TFEER LE LTz,

INETOKOBESFARFEERRLY., BAELE
L—H—HEREREE LTERT ST ET. HF
TxJLF—500-300eViFIcHNT, 10+ /Ta—
IWEBZDE—7 MV ADREDATREICEY £
THER. YITFAT Y MEOENIEFOE X7 +
IV ZADRIBHIEEFTCEL T,
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In high-intensity laser science dealing with an
interaction of light and matter, the "cycle number
of electric field" within a pulse envelope becomes
an extremely important parameter. Ultrafast
coherent soft x-ray photonics research team has
demonstrated a sub-two-cycle pulse with 100 mJ
pulse energy via DC-OPA.

Our DC-OPA consists of three-stage BiBO

(BiB;Og) crystals (see Fig. 1). To achieve a CEP-
stabilized sub-two-cycle pulse, SPM and self-DFG
have been employed for generating a broadband
seed pulse. Thanks to the DC-OPA scheme, we
have succeeded in developing a laser system with
a pulse duration of 10.4 fs, pulse energy of 102 mJ,
and peak power of 10 TW (see Fig.2). The center
wavelength of the output pulse is around 1.7 um,
which achieves sub-two cycles electric field
within the FWHM of the intensity envelope.
From our previous experiments on water window
harmonic generation, it is possible to generate
10-nJ class isolated attosecond pulses with
photon energy region in the 500 - 300 eV using
our developed IR source. This result is expected to
realize soft x-ray attosecond pulses with sub-GW
peak power.
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Fig.1 10-TW sub-two-cycle IR source based on DC-OPA.
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Fig.2 (left) Reconstructed temporal profile with a pulse duration of 10.4 fs (FWHM), (right) Reconstructed spectrum (red solid

line), reconstructed spectral phase (black dashed line) and measured spectrum after the 3rd DC-OPA stage (black solid line).

13



IO A M) —AT F b= AW FHEE

BN A B RPN e B F — A

)

HFAEIEF— L) —&—/
RIKEN Hakubi Team Leader
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(Postdoctoral Researcher)
Yuichi Tachibana
Marie Ouillé
(Assistant)
Miyuki Matsushita (c)
(Part-time worker)
Akemi Ishikawa

MET—X
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Research Subjects

v Attosecond control of electron beams

v Ultrafast electron-beam imaging of chemical reactions

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

BFE—LITKBEY17IL
L—Y— KR O&HA

s BYA VIV —REOEFE— Ll K BRI Z FFE

« REIREEZEZ SN TV CFBIZIC K B8R/ VIV AFHA
% RE

© RRLUANIVDZERE D #ERE T L — Y — IR 2 A

Measurement of few-cycle laser waveforms with
electron beams

« Development of a novel characterization method of optical
waveforms using electron beams

« Demonstration of ultrashort-pulse characterization based on a
linear optical process, which was considered to be unrealistic

+ Microscopic measurement of optical waveforms with
wavelength-scale resolution

Yuya Morimoto, BoHan Chen, and Peter Baum, “Free-electron tomography of few-
cycle optical waveforms, ” Ann Phys 534, 2200193 (2022).
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Extreme Photonics Research Group

Ultrashort Electron Beam Science RIKEN Hakubi Research Team

INVARTEBHEE LHMRE LAWK S EiBE
L—H5—3 (UL B 27ILNVA) & 7
L—H—HOREDPNFIRSE. RERSREET
HBIRENIVYILY bAZIRAGE, BRLEHE
PHTERAINTVET, TNS5DOHEICHWLTIE.
AR ETOL——HDEHZEFZBRICAET 5
TEDEETY,

AHAETIE. BFE—LEFABLIEEY 1 7)UIN
IWADFH LWRAIEAEZRELE Lz, EFIEER
EELTHY. L—Y—XDEHBIHRRICSEL
¥9, BFEL—HY—HOBEEREENT 2EH
TH/ A—PMIVEOEBRZREL. TOEBRELTE
FE—LEL—T—HERETEFT LTz, EEZE
BLIEEFIZEBT BB L —F—KEICECT.
BEREDHABICRATVEETT RAHDWIER
=0 EHIENET) . BEFROREGRZHEITT S
TET, LY —HDFHREBD T LICHIMLEL
feo e BFEMBEAFEAEHFEDES &
T. HOEREFEREDZEEDEET. A LD
RICHITB L —FEEOBRICRIILE LT

BERL—Y—RZ0ORE Tk, B8R/ VLD
AIEICIE, FERRLFEREDL. BETZ/NVRELY
HERVER/IWADEE SH—DHRETELHRESR
LH5NTVWEY, LHrL., AHAEDEFE—L%E
FMEBLEFEFZ. B2GBERKEZRVTHEY. H
D, BEVWAER/NIWRAEHEBE LEHA. DT,
HBERL——RZ2ONFEOBHREET FEDRKE
EVE LT

Do imagn

Ultrashort few-cycle laser pulses are used in
various research fields, such as attosecond light
generation, particle acceleration, and petahertz
electronics. In those researches, it is important to
observe a shape of laser waveform on a sample.

In this study, we have developed a method for
the characterization of few-cycle laser pulses
using an electron beam. An electron has an
electric charge and responds linearly to
electromagnetic field of laser light. In our
experiment, electrons in a beam intersected with
a laser beam on a film and got deflected into
different  directions depending on the
instantaneous laser fields at the moment of
passage. By analyzing an image of deflected
electrons, we succeeded in obtaining a waveform
of the laser light. By combining this method with
electron microscopy, we measured laser
waveform at each point on a sample with a
spatial resolution equivalent to the wavelength of
light.

In the field of ultrafast science, it is known that
the measurement of an ultrashort pulse requires
a nonlinear optical process or a probe pulse that
is shorter than the pulse to be sampled. However,
our method with beamed electrons is based on a
linear optical process and no ultrashort pulses are
required. We thus overturned the common belief
in the field.
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Fig.1 Characterization of few-cycle laser waveforms using electron beams. Concept and Experiment. A 70-keV electron beam of 0.5-ps

duration (blue) intersected with a laser field (red) at a free-standing film. Electrons in a beam got deflected by the electromagnetic field of the

laser field. By analyzing the deflection image (middle panel), the optical waveform was obtained (right panel).
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i BIEE  memt- v" Development of super-resolution live imaging microscopy
=

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

HiZER SR, Research Output

)bk & 7 DREHEXE O SRR

FY2022 Core Members . SRBREEMESCUMERL. Ik
Z OREREDEE EMERED S A F S 9 2RI

SRS - LRARE
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2 21, RS R

(BRZER) #HREF. WA RE RAGHS, BOSEREF. BENGAADZXLHEL

(8T) S KB e _ D

2 ) FEHBLTVB T EERL, FlGaENETIVERE
afF AEF. 08 ER BIIES

A Comprehensive understanding of the Golgi

ANZAITA LZT7VT« . .
FURE 1) BA BT apparatus and its neighbors

« Dynamic behaviors and trafficking around the Golgi

apparatus and its neighbors have been analyzed by
(Senior Research Scientist)

Kazuo Kurokawa, Takuro Tojima high-speed and super-resolution microscopy SCLIM.
(Research Scientist) « Their organizations appear different among yeast, plant
Natsuko Jin, Kumi Matsuura . . s 1
(Technical Scientist) and animal cells, but the key machineries involved and
Daisuke Miyashiro the fundamental mechanisms of traffic are amazingly

(Technical Staff)

Kurniko Ishii, Miho Waga, conserved, leading us to propose a comprehensive new

Hideo Hirukawa model.
(Research Part-time Worker)

Kalai Madhi Muniandy Reference: Nakano, A., “The Golgi apparatus and its next-door neighbors”, Front.
(Assistant) Cell Dev. Biol., 10, 884360 (2022).

Makiko Toya
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Subwavelength Photonics Research Group

Live Cell Super-Resolution Imaging Research Team

e BHBR LicRAHmODEME (SCLIM : super-
resolution confocal live imaging microscopy) (&, )b
AN OBERBRSZEIFEFMICRRI S L
ZAREICLE Lico dIVIVEKICHET AXBECH S
ERGIC (ER-Golgi intermediate compartment) & TGN

(trans-Golgi network) K% /N7 BEDREF|ICEEK
BEERCT I ERBLCHMSNTWEY, BT
IFH <O SERGICOFEDNSNTVE LIcH . &ET
FHREMHRCESMER CORENICHRBG XE

(GECCO, Golgi entry core compartment) HEDH >
TWEYT, TV YA =2 XCHBIFHTGNDE B
INETARBEERT LA, BB T6 <.
EMARICEVWTHTIGNE I Y Y — LOBREEBGR
DEESMNCENDDHYEY, JIVIEEZDOREEX
BOBEITEMRBICE > TRECELRSLDICRAE
TH. FRRCURTSZE, BETEHEELTL—
V—PEANEERAHZ ALICEIANEE/LUEL D
BT ELDOI>TEF LI

INSDOMBRLSR/ONTHFHGEMEL S, Thfcb
FOE KEDERZBE L. TOREZIENIEH
BRI LVWETIVERELESELTVET (K)

X, JIVIESLCZORDOEXDTIENET IV, (A) JILIES
KUZDEEXE (GECCO/ERGIC. TGN/RE) A, HLUIILIK
D oRIEFIXE (PVO) ZRTKRE (Vao) NEXETN2REERL
feb D, BEE fEY. BpERICHBYT AXBEOBENE LT, RES
ffcRab GTPasesDRENEER LTz, BF DR IZMHILEM IS
ICR5N3 T EITER,

Fig. Comprehensive models of trafficking around Golgi and post
Golgi. Trafficking pathways around Golgi and its next-door neighbors
(GECCO/ERGIC and TGN/RE) as well as post-Golgi trafficking to
vacuole (Vac) via prevacuolar compartment (PVC). Presence of
conserved Rab GTPases is considered as signboards of compartments,
which may be common to yeast, plant, and animal cells. Note that

the routes indicated by blue arrows are seen only in mammalian cells.
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The state-of-the-art microscopy we developed
(SCLIM:  super-resolution  confocal live imaging
microscopy) now enables us to observe membrane
traffic events around the Golgi apparatus in amazing
details. It has been widely accepted that the
neighboring compartments of the Golgi, namely ERGIC
(ER-Golgi intermediate compartment) and TGN (trans-
Golgi network), play pivotal roles in protein sorting. The
presence of ERGIC has been long known in animal cells,
and we now find their functional counterparts (named
GECCO, Golgi entry core compartment) in plant and
yeast cells. The role of TGN in endocytic functions has
been obscure, but now the close relationship between
TGN and endosomes becomes clear, not only in plant
and yeast cells but also in animal cells. The apparent
architecture of the Golgi and its neighbors varies
considerably among species, but careful comparison
between them reveals amazing similarities in the key
players involved and the underlying fundamental
mechanisms.

Emerging examples of our imaging analysis have led
us to propose reconsideration of compartments and
suggest a new comprehensive model to describe their
roles (Fig).

P
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B Bk pEerEt v’ Structure-function relationships of fluorescent protein chromophores
Atsushi Miyawaki, Mm.D., Ph.D. v Interplay between ambient light and organisms

v' Ultra-fast observation of swimming behavior of micro-organisms

FHZER SR, Research Output

FY2022 Core Members HEEMICEBNSEHNZ > /NJE, StayGoldDFEH
<§§1ﬁ BRGEMEEEHFEDESRT EITEY.
- o INBEOBIE SRR AL ™ LA 7 SRR
(TOZZHIVAZY D) EITBTLEERE
P& fFF

* SARS-CoV-2D#ERRMR 7tk Z fZEA

(Research Scientist) Development of an extremely photostable
Masahiko Hirano fluorescent protein, StayGold

(Technical Staff) Applying StayGold and super-resolution microscopy,
Asako Tosaki « Discovering the effects of the calcium ion distributions

on the mobility of the endoplasmic reticulum
+ Revealing the SARS-CoV-2 spike protein within a cell in
3D

Hirano M, Ando R, Shimozono S, Sugiyama M, Takeda N, Kurokawa H, Deguchi R,
Endo K, Haga K, Takai-Todaka R, Inaura S, Matsumura Y, Hama H, Okada Y, Fujiwara
T, Morimoto T, Katayama K, Miyawaki A.

A highly photostable and bright green fluorescent protein.

Nat Biotechnol. 40(7):1132-1142 (2022)
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Subwavelength Photonics Research Group

Biotechnological Optics Research Team

A7 ZTIEEARLEICLL PHIT BT 75T,
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The jellyfish Echinoderma lucidum is widely
found along the coast of Japan. From the jellyfish
inhabiting the sea in Asamushi, Aomori
prefecture, we cloned a green fluorescent protein
(FP).

When the researcher in our team expressed the
FP in cultured mammalian cells, he unexpectedly
found that it is highly resistant to photobleaching.
But at the same time he also noticed that it is dim.
Hoping to make it brighter, he set out to
introduce mutations while it is generally believed
that an increase in the brightness of an FP results
in a decrease in its photostability. After
characterizing many mutants, he finally found a
single mutation that makes the FP brightest
among the FPs currently known while keeping
the photostability. We named the protein,
StayGold.

Taking advantage of the extreme photostability
of StayGold, we combined it with the super-
resolution microscopy (SRM). Using SRM, we
revealed calcium ion-dependent motions of the
endoplasmic reticulum. We also detailed the 3D-
distributions of the SARS-CoV-2 spike protein in
infected mammalian cells.

X 1/Fig.1 # 4 Iz 82 > 1\ B & StayGold D
LEMDLEE, 3.4 - 5.6 W/em2DiEULFhfeH % 1R
FHLEBOT7+ F TV —Fri%xEELT
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W e/ NERDEN E DR

A NEEOEEOE— YT (BD
HLEDERSETDT ST EXIE)

B. /INEAEDENE DM RRERE, K
BRI EEC/MMEL SHlfREN
DAY T LA F > DIEE =T L
W3,
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Hideo Yokota, D. Eng.

FY2022 Core Members
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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

FHZERESR.Research Output

BREEITREMTICK S HEEEZ /N B !
DERERAT f ‘

- HRTHIO THE - BREUS LR LD >R >
VT IVRBERORRRE Z i

« /AR EEZEEREDZA LS TAEGHL 5. MR
LORAEFE DR % BEEH I il Z AR

« VI FIVERERRICE CTeRAMNE DD REN DU
Bz it - AIRIL T 2R Z %

Dynamic analysis of functional membrane proteins
using image analysis technology

+ Analysis of changes in the membrane environment of insulin
signaling receptors on the plasma membrane observed for
the first time globally.

« Development of an automatic image recognition technique
for the membrane environment surrounding receptors from
many time-lapse images containing a lot of noise.

« Development of analysis and visualization techniques for the
minute changes in membrane fluidity around the insulin
receptors before and after signal transduction.

Reference:
Umebayashi, M., Takemoto, S., Reymond, L., Sundukova, M., Hovius, R., Bucci, A.,
Heppenstall, P.A., Yokota, H., Johnsson, K., Riezman, H., “A covalently linked probe to

monitor local membrane properties surrounding plasma membrane proteins”,
Journal of Cell Biology, 222(3): €202206119 (2023).
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Subwavelength Photonics Research Group

Image Processing Research Team

HF—LlE. BEREFENT 7O—F DO S EmiEH
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Fig.1 Segmentation of the target probe surrounding the insulin
receptor from confocal microscope images. Scale bar, 10 um.

I igne

From an information science perspective, our team
contributes to life science research. Together with
national and international collaborators, we recently
developed an image analysis technique for analyzing the
dynamics of functional membrane proteins in the plasma
membrane.

Receptors, which are functional membrane proteins in
the plasma membrane, play signal transduction role from
exterior of a cell to its interior. The membrane
environment surrounding the receptors changes during
signal transduction; however, the detailed mechanism of
this change should be clarified. We developed a
technique for quantitative image analysis of the
membrane environment during insulin signaling based
on the time-lapse images of membrane environment
surrounding the insulin receptors in live cells, which were
obtained using our collaborators” world's first imaging
technique.

We developed two main techniques. The first technique
entails image segmentation for automatic recognition of
the target probe surrounding the insulin receptor from
many time-lapse images containing a lot of noise (Fig. 1).
The second technique analyzes and visualizes the minute
change that occurs before and after insulin signaling
based on the generalized polarization (GP) value,
indicating the fluidity of the region surrounding the
receptor (Fig. 2).

By utilizing these techniques and analyzing more than
500,000 images, we established that the local
environment of the insulin receptor was distinct from the
average plasma membrane fluidity and it was dynamic
and heterogeneous.

From our research, understanding the membrane
environment surrounding receptors elucidates signal
transduction, and mechanisms of diverse functions and
pathological manifestations of functional proteins, such
as intracellular transport and immune responses.

Acknowledgements: part of this work was funded by JSPS
Grants-in-Aid for Scientific Research JP16K16153.

Fig.2 Kymographs of chosen areas show time-course changes of
GP value. The horizontal dimension of the kymograph represents
the vertically averaged changes of GP value within the rectangular
area, and the vertical dimension of the kymograph represents the
time shift (from t = 0 to t = 540 s) of its changes. Scale bar, 10 um.
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(Senior Research Scientist)
Norihiko Hayazawa (c)
(Postdoctoral Researcher)
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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 nanospectroscopy from visible to THz region

v" Functional surface—enhanced Goos-Hanchen shift biosensor

HiZER SR, Research Output
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Enhanced angular Goos-Hanchen shift at surface
plasmon resonance for high sensitivity sensor

+ Proposed a highly sensitive optical biosensor based on
the enhancement of angular Goos-Hanchen (GH) shift

» Developed a scheme to significantly enhance the
measured GH shift up to sub-millimeter range at the
surface plasmon resonance (SPR) region

» Demonstrated sensing capability of the proposed
scheme at different sensing environments

« Dynamic measurements of self-assembled monolayer
formation on gold substrate
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Innovative Photon Manipulation Research Team

Subwavelength Photonics Research Group
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Fig.1 Schematic diagram of enhancement of angular GH shift
at the SPR region. A position sensitive detector is placed at a
distance z from the beam waist. The hemispherical prism
focuses the incident beam to a small beam waist

S (arm)

Angular Goos-Hanchen (GH) shift is the
deflection of a real optical beam along the
incident plane upon interaction with a planar
interface. This shift is dependent on the angular
change in reflectivity, as such, the sharp
reflectivity dip upon the excitation of surface
plasmons at resonance has been shown to
induce large GH shifts. We exploit the beam
propagation dependence of angular GH shift and
focus the incident beam to a small beam waist
resulting to a significantly large GH shift at the
SPR region even at short detector distance as
shown in Fig. 1.

The GH shift around the SPR region for varying
ethanol (EtOH) concentrations in water is shown
in Fig. 2. The measurements at higher EtOH
concentrations reflect the nonlinear change in
the refractive index due to the intermolecular
interaction between EtOH and water.

Temporal interrogation can also be performed
for dynamic measurement of the refractive index
change. Hence, both spectroscopic
measurements for accurate location of the SPR
angle and spectrophotometric measurements for
analyte adsorption kinetic analysis are feasible.

o |

it (dexg)
X2 EtOHREZZLETEED. SPRECAERITOARE
GHY 7 MAIERER. BARIERIDOFERT) ALEEGEEBED
BEABAK. AStE—LERSE—LEZZNZEN+O, -0 EER
TLIEHLO V1 —2EHTAEEERE LKL

Fig.2 Angular spectrum of GH shift measurements within the
SPR region in different EtOH concentrations. The inset shows
the schematic diagram of the experimental setup used in the

measurement

bE Source stage

23



YTHET + b= AFFRER

Jedis L — — I LHEF— L

F—ALY —&— / Team Leader

R 3R 1t

Koji Sugioka, D.Eng.

FY2022 Core Members

(FRFRE) /)& ZARER
(FRUEEEIAZEE) BT —AL
(KRR )

Jiawei Zhang.

Ashkan MomeniBidzard
(BEEXEMEE) FMRE
(BEEMRS)

Daniela Serien, Xinyuan Qi.

Felix Sima. ShiBai. fEH {8&.

RIS B27r. EEET
(FHMEDL) JIimtER. FRAME,

FERRK
(SRUBstRR) &Mk ZieF

(Research Scientist) Kotaro Obata

(Special Temporary Research Scientist)
Kazunari Ozasa

(Postdoctoral Researcher)
Jiawei Zhang,
Ashkan MomeniBidzard

(Senior Visiting Scientist)
Yoshinobu Aoyagi

(Visiting Scientist)
Daniela Serien, Xinyuan Qi,
Felix Sima, Shi Bai, Yasutaka,
Hanada, Seisuke Nakashima,
Noriko Kurose

(Student trainee) Shota Kawabata,
Junji Morimoto, Mirai Hanzawa

(Special Temporary Employee)
Takiko Wakabayashi

HRT—<

v 3RpRA7A - F/ LY -IIEMOEREE<A 7O+ /TN

A AERADIGH
v E-LERICKSE@RE - BRE - SREENTEMORE
v BIE/IVAL ==& 57/ MRBIRE KURE T/ 18i&L
v L= =0 EMBEEORBEFROERICET R

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

HiZER SR, Research Output
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Formation of two-dimensional laser-induced periodic
surface structures (2D-LIPSS) on silicon surface using
GHz burst mode femtosecond laser pulses

« Technique to form two-dimensional laser-induced periodic
surface structures (2D LIPSS) on silicon surfaces was developed
by irradiation with ultrafast repetition rate (GHz) femtosecond
(fs) laser pulse trains.

+ Formation mechanism of 2D-LIPSS based on generation of the
periodic enhancement of electric fields (hot spots) at the side
walls of nanogrooves in 1D LIPSS was proposed.

« Fabrication of higher-quality 2D LIPSS was realized by tailoring
the intra-pulse energy distribution in GHz burst pulses, based
on the proposed mechanism.
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Subwavelength Photonics Research Group

Advanced Laser Processing Research Team
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Figure 2 Schematic illustrations of the formation mechanism of 2D
LIPSS: (a) 1D LIPSS formed by the preceding intra-pulses of a GHz burst
pulse is irradiated by the subsequent intra-pulses, resulting in
generation of hot spots. (b) Hot spots ablate the sidewalls of the
nanogroove in 1D-LIPSS to narrow ridges. (c) The other parts are
melted to be connected, resulting in the formation of 2D-LIPSS.

1 BEg&EY)AVERKREICERLE
LIPSSOSEMERZR1R: (a) TERINI(Z > TN
JVAE—F). (b) GHzZ/\—X b E— FINIL,

Figure 1 SEM images of LIPSS formed on
silicon surfaces with different configurations:
(a) conventional irradiation scheme (single-
pulse mode) and (b) GHz burst mode.

Recently, femtosecond (fs) laser processing with a
GHz burst mode, which consists of fs laser pulse (intra-
pulse) trains with a pulse-to-pulse interval of several
hundred picoseconds (ps), has been attracting
considerable interest, since it has some distinct
characteristics in material processing as compared with
the conventional fs laser irradiation scheme (single-
pulse mode).

In this study, we applied the GHz burst mode fs laser
processing to the formation of laser-induced periodic
surface structures (LIPSS) to explore the possibility of
forming novel nanostructures, that are different from
LIPSS fabricated by the single-pulse mode.

Single-pulse mode of linearly polarized fs laser can
create one-dimensional (1D) LIPSS whose direction is
perpendicular to the laser polarization direction on
silicon surfaces (Fig. 1 (a)). Meanwhile, we have
demonstrated that GHz burst mode can form unique
two-dimensional (2D) LIPSS consisting of periodic
surface structures both perpendicular and parallel to
the laser polarization direction (Fig. 1 (b)). As the
formation mechanism of 2D LIPSS, we proposed a
model in which irradiation of subsequent intra-pulses in
the GHz burst pulse causes periodic enhancement of
electric field (hot spots) at the nanogroove walls of 1D
LIPSS formed by preceding intra-pulses. (Fig. 2). Based
on this mechanism, we successfully formed high-
quality 2D LIPSS by tailoring the energy distribution of
intra-pulses in the GHz burst pulse (Fig. 1 (b)).

Consequently, GHz burst mode fs laser can realize
surface micro- and nano-fabrication different from
conventional single pulse mode and is expected to be
applied as a new microfabrication technology.

ricge
hﬂinulL hotspots !
R T ridge de'
!
[ Mo namrmwl ridge
0
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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

HiZERi SR, Research Output

0.87 THz# - JEEAR B REAZE/\Y 7
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« BW-TPO (Backward THz-wave Parametric Oscillation) (<&
D<K BAKE0.87 THzR CORIRICHKIN

« BW-TPOAK Cld. FEFHNFERDERETHCEL DT
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Tunable Injection-Seeded Backward Terahertz-Wave
Parametric Oscillator Centered at ~0.87 THz

« First demonstration of a tunable THz-wave source
based on Backward THz-wave Parametric Oscillation
(BW-TPO) with a frequency of ~ 0.87 THz

« The BW-TPO scheme can be utilized to design
nonlinear optical crystals to emit THz waves at a
specific range of frequencies

In preparation for submission.
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Terahertz-wave Research Group

Tera—Photonics Research Team
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Fig.1 (a) Schematic of the experimental setup. (b) Spectra of pump
and two idler beams, BW1 and BW2. The THz frequencies can be
tuned as seen by the shift in wavelengths of BW1 from the pump
and BW2 from BW1 when the PPLN crystal is rotated.

A tunable injection-seeded backward THz-wave
parametric oscillator (BW-TPO), centered at ~0.87 THz,
is first demonstrated using a slant-stripe magnesium
oxide-doped periodically-poled lithium niobate
(PPLN) crystal via a quasi-collinear phase matching
scheme. An idler beam appears along with the THz
wave upon laser excitation, with the THz wave
propagating in the backward direction as the pump
and idler (Fig. 1(a)). The oscillation frequency is
dictated by the PPLN slant angle o and indicated by
the spectral separation of the idler peak (BW1) from
the pump as seen in Fig. 1(b). A cascading process
was also observed with the presence of another idler
(BW2). Moreover, the BW-TPO frequency can also be
tuned from 0.84 to 0.90 THz with a simple rotation of
the PPLN as observed from the shifts in the spectra of
both BW1 and BW2. The tunability is limited by
design parameters such as the crystal dimensions.

The idler beam energy was also measured as a
function of pump energy to determine the threshold
energy at which BW-TPO occurs, as well as the
conversion efficiency of the process. In addition,
injection seeding was also performed using a CW
laser with the same wavelength as BW1, resulting in
a lower oscillation threshold energy (26%) and
improved conversion efficiency (1.3x), compared to
the unseeded case. The possible applications for this
study are in telecommunications and nondestructive
imaging.
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Fig.2 Idler energy dependence on pump energy with and without
injection seeding showing reduced BW-TPO threshold energy
and increased pump energy conversion with seeding.
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Research Subjects

v" Terahertz control of molecular structures and functions of biological
protein

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

v" Applications of terahertz sensing and imaging

Hi3ER SR, Research Output
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Development of thin-film superconducting microwave

resonators with ultra-high Q factors

» Development of microwave thin-film resonators
with ultra-high quality factors for Microwave
Dynamic Inductance Detectors (MKIDs).

« We have achieved internal Q factor of 108 around
0.1 K, about 100-1,000 times higher than our
previous value.

« We have also achieved the factor of 10* at 4.2 K,
about 10 times higher than our previous value.

Reference: S. Mima, T. Taino, R. Murayama. T. Noguchi, C. Otani, “Development of
superconducting resonator with ultra-high quality factor”, in preparation (2023).

Patent application: S. Mima, T. Taino, R. Murayama. T. Noguchi, C. Otani,
“Superconducting passive devices, methods of manufacturing superconducting passive
devices, and devices containing such passive devices,” Patent Number: 2022-129567,
Aug. 16, 2022.
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Terahertz-wave Research Group

Terahertz Sensing and Imaging Research Team
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Resonatar chip design

GMD chip design

B2 HBIRAREADF v TI T - DRT
Fig.2 Schematic of chip mounting in a dilution refrigerator

The Microwave Kinetic Inductance Detector (MKIDs) is a
detector utilizing a superconducting resonator with a high
resonant quality factor (so-called, Q factor), and is expected to be
used for space observations and particle experiments. In addition,
such resonators are also used in quantum bits in superconducting
guantum computers. The sensitivity of MKIDs detectors is
inversely proportional to the internal resonance Q factor (Q), and
the higher the value, the better the sensitivity. However, in such
thin-film superconducting resonators @ remained typically
around 106,

To overcome the limitation, we have proposed a new structure
where the top and bottom electrode structures were fabricated as
microstrip lines on separate substrates (Fig.1). We have fabricated
the actual device by using Nb film and evaluated Q at 0.26 K
mounted on a chip carrier in a dilution refrigerator (Fig.2), and
then obtained @ ~108 (Fig.3). Such high values are about 1,000
times than previous and are the world's highest @ for thin-film
superconducting resonators. In addition, it has also shown Q
~10%even at 4.2 K. These values are 10 times than previous. These
results have also opened the possibility for a superconducting
guantum computer to dramatically increase the time to maintain
a quantum state.
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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" Development of unexplored-frequency QCL using nitride and oxide
semiconductors

v' Development of surface emitting THz-QCL

v' Development of mobile THz-QCL light source for non-
destructive inspection

FHZTRSR . Research Output |

FSAILYBFHRT— K
L— 4 (THz-QCL) DB H 711k
EBIEDRIL

- BREF-EVJILEB147 Y FEHATHZ-QCLORE

o TAYL— FIEMRMEEE AU ETHZ-QCLD230K BES)
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« Zn0O/ZnMgOFR &R W2 5- 1 THZm ZBAFB AR IC K
V) SREE

Development of high power and high temperature
operation terahertz quantum cascade laser (THz-QCL)

« Realization of 1.4 watt power THz-QCL by using
highly doping layers

« THz-QCL operation at 230K by using “Isolated 3-level
scheme” QC structure

« Demonstration of room temperature optical gain of
Zn0/ZnMgO QCL at 2.5-11 THz by NEGF analysis
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Terahertz Quantum Device Research Team

Terahertz-wave Research Group
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Terahertz quantum-cascade laser (THz-QCL) is
promising as an advanced THz laser source with
small size, high 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 structures.

In this fiscal year, we introduced a highly
impurity doped layers to increase the output
power of the THz-QCL, and obtained output
power of 1.4 W under pulse operation. The output
power was also enhanced by bonding the
epitaxial surface directly to the heat sink. We also
designed a THz-QCL capable of over 300K
temperature operation based on new concept
design. We fabricated a GaAs-based THz-QCL
incorporating a QC structure called an “isolated
three-level scheme”, and achieved a maximum
operating temperature of 230K. This is one step
closer to room-temperature operation. Also, we
performed rigorous simulation analysis for GaN
and ZnO-based THz-QCLs, and predicted 2.5 to
13 THz operation of QCL including unexplored
frequencies operating at over 300K.
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Fig.2 Realization of 230K operation of THz-QCL with “isolated 3-level scheme” structure, and, palm-size THz-QCL source operating at 80K
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(Senior Research Scientist)
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Takafumi Sassa, Shigeharu Moriaya,
Tomoki Matsuyama (c)
(Research Scientist)
Takayo Ogawa, Masaki Yumoto,
Katsushi Fujii, Masayuki Murayama,
Takeharu Murakami, Kentaro Miyata,
Masato Otagiri
(Postdoctoral Researcher)
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(Technical Staff)
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Research Subjects

Mid-infrared Electronic Wavelength Tuning via Intracavity Difference-
frequency Mixing in Cr:ZnSe Laser

Development of Next-Generation Agri-photonics Research
Development of laser irradiation technology and a laser for space
Development of renewable energy supply systems for hydrogen
energy production, storage, and utilization

Visualizing human judgment in diagnostics of infrastructure
Application to biomedical, agricultural, and industrial measurement
using lasers and photoacoustic wave

FZER SR, Research Output
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Development of Mid-infrared Electronic Wavelength
Tuning via Intracavity Difference-frequency Mixing in
Cr:ZnSe Laser

+ Mid-infrared generation by configuring intracavity
difference-frequency generation (DFG) using ZnGeP, in an
electronically tuned Cr:ZnSe laesr

+ The DFG tunability in the 8-11 um was achieved with
maximum pulse energy exceeding 100 pJ under the spectral
noncritical phase-matching condition
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Advanced Photonics Technology Development Group

Photonies Control Technology Team
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In this research, we developed the technology for
intracavity difference-frequency generation (DFG) in an
electronically tuned Cr:ZnSe (ET-Cr:ZnSe) laser for the
realization of rapid wavelength tuning in the 8-13 um range
with a maximum pulse energy exceeding 100 u). To
eliminate the need for two input laser sources in the general
DFG process, the ET-Cr:ZnSe laser field pumped by a
Tm:YAG laser is used as the signal beam and is subsequently
frequency-mixed with the residual pump source in a ZnGeP,
(ZGP) to generate mid-IR spectra. Here, we apply the
electronic wavelength tuning of the signal beam under the
spectral noncritical phase-matching (NCPM) condition
realized in ZGP to enable broadband mid-IR spectral tuning
by combining the electronic tuning with a small angle
adjustment of the ZGP. Consequently, we demonstrated the
first intracavity DFG ET-Cr:ZnSe laser operating in the mid-IR
region. The electronic tuning in the 8.3-9.2 um spectral
range was obtained under the spectral NCPM condition of
ZGP (6=50.3° ). The corresponding pulse energy reached
110 W at maximum. The broader tuning range of 8.3-11 um
was also recorded from the same compact setup by
combining the electronic tuning with a slight angle
adjustment (A 6 < 0.5° ) of the nonlinear material.

We believe that the proposed method for generating the
mid-IR spectra not only simplifies the DFG process by
eliminating the need for two input laser sources but also
enables rapid and broadband wavelength scanning at high
energy, which is highly suitable for trace gas detections with
CRDS and PAS targeting high-molecular-weight
components such as aromatic hydrocarbons (i.e., toluene
and xylene), and refrigerants (i.e., HFC and CFC) that exhibit
broadband mid-IR absorption spectra in the 8-16 um range.
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(a) ET-Cr:iZnSe L —H'—|T K 2 HIR2Z A DFGDIELK]
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(a) Schematic of an electronically-tuned Cr:ZnSe laser with an
intracavity ZGP-DFG.

(b) Electronic tuning range of idler at five different phase-matching
angles. Gray plots are RFs fed into the AOTF.
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i & wtr Research Subjects
Yutaka Yamagata, D.Eng. 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

HiZER SR, Research Output
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(Senior Research Scientist)

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

(Research Scientist) Hiroyoshi Aoki, . . . .
Noboru Eblzuka Contributing most advanced scientific apparatus by

(Special Postdoctoral Researcher) using ultrahigh precision optics manufacturing

Satoru Egawa technology

Assistant) Yuko Sato . .
(Assistant) Yu  Research and developments toward precision

improvement of metallic-substrate neutron focusing
mirror are in progress
 Multiple incident angle neutron focusing mirror system
for J-PARC BL-16 has been successfully manufactured
 Development of agarose gel micro capsule technology
for single-cell genome analysis
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Advanced Photonics Technology Development Group

Ultrahigh Precision Technology Team
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At Ultrahigh Precision Optics Technology Team,
we conduct ultrahigh precision machining,
metrology and design of optical components and
systems.

A new metallic-substrate neutron focusing
mirror has been manufactured for J-PARC BL-
16(SOFIA) multi-incident-angle reflectometry.
This mirror is made of special aluminum alloy
having low CTE and its focal point variation due
to temperature change is very small. Also
precision improvement of those mirrors to
reduce slope errors are in progress.

In collaboration with RIKEN-BRC and Tokyo
Institute of Technology, a new technology to
analyze single-cell genomics has been developed
using several tens of micrometer agarose
hydrogel capsule. This technology reduces the
contamination and genome amplification bias by
conducting amplification in very small volume.

J-PARCBL-16 ZAFIRFLRADHDAHA FE (HL) LU
BRESR IV EEERVRAETFELZS— (BL) LU
BEEMICLZBEDTIVIEE (BT SLUEREERT IV
5% (BT OER

Neutron focusing mirror (Left Top) and guide tube (Right Top)
for J-PARC BL-16(SOFIA) Multi-incident-angle system and
thermal deformation of ordinary aluminum alloy mirror (Left
Bottom) and Low CTE aluminum(Right Bottom)

THO=RTIVIA 7 OHTIVDOBERES L
UTnzBW 1 BT/ L
Manufacturing of agarose gel microcapsule and
its application to single-cell genome analysis
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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,
(Assistant) Miyuki Kishino

(RAP Senior Advisor) Yujiro lkeda
(Part-timer)Takao Hashiguchi,
Katsumi Ohashi, Satoshi Yamamoto

HiZERi SR, Research Output

BV FIRTRANS- AL 1]
EER COH AR —BROEEE §
MERRICH . EEOFHRN
G T —

Mz —<

v LWOTHETTHRATE R REBEHERMTR R 7 L4
DRANSE L %

v BRIEEEGENC | B/EIRETIRS S RANS- 1 RILRIS

v DI W FBE AT RE NPT RS 2 T LOKH

v PETFRRIC K DIFMIREIR. AL - IFRIRTE 2 AT

v R - RBOKRE, TRO%EBIE LT EF > 2T LB

Research Subjects

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

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

v' Realization of the on-site use compact neutron system

v" Non- destructive test technology with quantitative analysis

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

BRLRED/ N7y b FRE
/N DR MEFIEIETRANS- U
SIFT AV b= TR THR
%A

A V< R R S DR AE A
lc kW R E{L % RIR
TBRIRS CIFRRERFAIRIEBIRRERER & —5 !

Ultra-compact Neutron Salt meter: RANS- u on-site!

Measurement on an actual bridge - Toward

preventive maintenance of concrete salt damage
Ultra-compact RANS- i neutron salt meter can be
mounted on the bucket of a bridge inspection vehicle
Utilizes radioisotope 252Cf neutron source
Shielding action of neutron reflective material on
shielding material to reduce size and weight
Non-destructive measurement at a bridge site,
consistent with destructive testing results!
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Advanced Photonics Technology Development Group
Neutron Beam Technology Team
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Development of Neutron Salt meter RANS- u :
Successful measurement of salt content on an actual
bridge. RANS- u neutron salt meter is ultra-compact,
weighing only 70 kg, and can be mounted on the bucket
of a bridge inspection vehicle (see Fig. 1). In December
2022, it succeeded in the nondestructive measurement of
salt density on a bridge in lwate Prefecture under snowy
conditions (as shown in Fig.2). In FY2023, this will be
included in the Ministry of Land, Infrastructure, Transport,
and Tourism's Catalogue of Measurement Technology
Support Performance. From now on, this world's first non-
destructive measurement of the neutron salt meter RANS-
u  will be available at the bridge and highway sites
nationwide.

B1 RANS-u  HMEFIRAE O EFIRESS/N
y SRR AT L ORRFTEBEHIHT X T L
Fig.1 RANS-u  Neutron Salt Meter

X2 RIBR TDORANS- uFHRIDRKF, AL :
B A BRRRE/NTY MRF
Fig.2: RANS- u measurement on a real bridge. Top left: Bridge

BRED S BIBRRR

(DCf neutron source, High S/N y -ray detection
system @ Display and control system

inspection vehicle seen from the bridge top Right: Salt-density
measurement by RANS- u installed in the bucket
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RANS: Up-grade Development: Stress Measurement

A non-coupled collimator system and a new analysis method
for the de-convolution of delayed neutron components have

made it possible to increase the resolution of neutron
diffraction without loss of intensity (see Figure 3). This has
made stress measurements of 130 MPa possible.

gﬁ BARREIT A=A FL
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3“'?’ resalution -: — -i“ | W g b Csflrmatin dp e
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HHBHNRI w QRN Y
3% higher resalution mc L A A
= I W % f. I.. | ' 1
130MPash 11 ME R~ B i !iﬂ -1:3?"‘: 'E
130MPa Stress measurement availabln 4
ST | i 0 1] I 13 0 1
Vi of Fight F loey |
K3 RANSTOEIF/NZ— >/t 01 X—4%  JEEEE, #L, Fa8

Fig.3 Diffraction pattern with, without collimator, and with decoupled collimator
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Research Subjects

v" Design, manufacturing, modification and development of
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

THZZR R, Research Output
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Experimental apparatus manufacturing by the

requests

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

+ 591 manufacturing request was processed in
FY2022 from all RIKEN sectors

« Advanced technological developments such as 3D
printer and ultraprecision machining was
conducted
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Advanced Photonics Technology Development Group

Advanced Manufacturing Support Team
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LT 82— & OMETIREDIRR
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.

There have been manufacturing request
accepted 591 for FY2022.

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.

BRZE TAERIER DA
Examples of Manufactured Apparatuses

TIRfH#
591
Total Manufacturing Requests
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Publications

ESTUN S

40

7

PRI F — L. Attosecond Science Research Team

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

1.

Xu, L., Xue, B., Ishii, N., Itatani, J., Midorikawa, K., and Takahashi, E.J., “100-mJ class, sub-two-cycle, carrier-envelope phase-stable dual-
chirped optical parametric amplification”, Opt Lett 47, 3371-3374 (2022).

Matsubara, T., Nabekawa, Y., Ishikawa, K. L., Yamanouchi, K., and Midorikawa, K., “Attosecond optical and Ramsey-type
interferometry by post-generation splitting of harmonic pulse”, Ultrafast Science 2022, article ID 9858739 (2022).

Ishikawa, T., Isobe, K., Inazawa, K., Michikawa, T., Namiki, K., Miyawaki A., Kannari, F., and Midorikawa, K., “Fringe- and speckle-free
holographic patterned illumination using time-multiplexed temporal focusing”, Appl. Phys. Express 15, 042005 (2022).

Ito, K. N., Isobe, K., and Osakada, F., “Fast z-focus controlling and multiplexing strategies for multiplane two-photon imaging of
neural dynamics”, Neurosci. Res. 179, 15 (2022).

Tamura, Y., Yamazaki, K., Ueda, K., and Hatada, K., “A multiple scattering theoretical approach to time delay in high energy core-level
photoemission of heteronuclear diatomic molecules”, J. Phys. B: At. Mol. Opt. Phys. 55, 10LT01 (2022).

Kastirke, G., Ota, F.,, Rezvan, D. V., Schoffler, M. S., Weller, M., Rist, J., Boll, R,, Anders, N., Baumann, T. M., Eckart, S., Erk, B., De Fanis, A.,
Fehre, K, Gatton, A., Grundmann, S., Grychtol, P, Hartung, A., Hofmann, M., lichen, M., Janke, C,, Kircher, M., Kunitski, M., Li, X., Mazza,
T., Melzer, N., Montano, J., Music, V., Nalin, G., Ovcharenko, Y., Pier, A, Rennhack, N., Rivas, D. E., Dorner, R., Rolles, D., Rudenko, A.,
Schmidt, P., Siebert, J.,, Strenger, N., Trabert, D., Vela-Perez, I, Wagner, R., Weber, T., Williams, J. B., Ziolkowski, P., Schmidt, L. Ph. H.,
Czasch, A, Tamura, Y., Hara, N., Yamazaki, K., Hatada, K., Trinter, F., Meyer, M., Ueda, K., Demekhin, Ph. V., and Jahnke, T., “Investigating
charge-up and fragmentation dynamics of oxygen molecules after interaction with strong X-ray free-electron laser pulses”, Phys.
Chem. Chem. Phys. 24, 27121-27127 (2022).

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

1.
2.
3.

WseE, " BR/UVR ", REMBEOEFHEEER/N\Y FTv Y, () IX - 71— TX(2023).

LIE " BEED FICHIT 2 XIGFEBEN TR0 NE " DFYIalb—YavyERE 792701, 25,1,28-33 (2023).
HERE, BEFHEAFRE] (LKW ERE, DBERE)  F6E [RFOAF MLEBERSIUT MFY/VVAFE]D | 262-346,
EHREE (2022).

BIIEE, SREE, "IV ANERBEDOKRIREA A=V JTHSH LG TBMR/INA VI L ZREBHRFIROLMES ", Clinical
Neuroscience Vol. 40 No. 6 (2022).

(3) #31%:88 Invited Talks

1.
2.

Midorikawa, K., “The third-generation table-top attosecond light sources”, Ultrafast Optics XIlI, Bariloche, Argentina, March (2023).
Okino, T., “Development of multifragment 3D ion momentum imaging methods for investigating ultrafast dynamics of polyatomic
molecules”, 19th International Symposium on Ultrafast Intense Laser Science (ISUILS2022), Honolulu, USA, December (2022).

Okino, T., “Multiscale lon Momentum Imaging: Investigating Ultrafast Dynamics of Polyatomic Molecules”, 12th Asian Symposium
on Intense Laser Science (ASILS12), NTU, Singapore, December (2022).

Lin, Y., Nabekawa, Y., and Midorikawa, K., “Development of a sub-cycle short-wave infrared laser and its application”, 12th Asian
Symposium on Intense Laser Science (ASILS12), Singapore, December (2022).

Xu, L., Takahashi, E.J., “Over 60-mJ, Mid-IR Single-Cycle Pulses based on the Advanced DC-OPA”, 12th Asian Symposium on Intense
Laser Science (ASILS12), Singapore, December (2022).

Nabekawa, Y., “Attosecond Control of Simple Molecules and Atoms Using XUV High-harmonic Pulse Pairs”, ANSO Symposium on
Basic Science for Sustainable Development, Xi'an (+Online), China, September 9-9 (2022).

Midorikawa, K., “Increase in photon flux of isolated attosecond pulses”, 8th Int. Conf. on Attosecond Sci. & Tech. Orland FL, USA, July
(2022).

Lin, Y., Nabekawa, and Y., Midorikawa, K., “Optical Parametric Amplification of sub-Cycle Shortwave Infrared Pulses”, Conference on
Lasers and Electro-Optics (CLEO) 2022, San Jose & Online (Hybrid), USA, May (2022).

Isobe K., “Adaptive optics for temporal focusing and two-photon patterned illumination”, International Symposium on
Comprehensive understanding of scattering and fluctuated fields and science of clairvoyance, Yokohama, April (2022).

10. Midorikawa, K., “Recent progress of isolated attosecond pules”, 1st Int. Conf. on Ultrafast X2021, online, April (2022).



11, ILIBE X IEA R RED X $H8ERINS L *, 55 6 [2] RIKEN RAP-QST KPS| &Rt = +—, QST BT tHI 23R, =&0, 28 8

H,(2023).
12. BEERE(R, BINIEE, "SHRRA A—TVV T - BIEDQT.HONEMBEREZORE " REFIZ LV 2 —BRtwIF— M, 287
H,(2023).

13, ILIEEE "X AL FRIGBEF DT D X #H@ERINDFEE 7, Q-LEAP 58 21 |77 MRS, W=, 9 A 28 B, (2022).

(4) &8, YVERIIL, £XF—ZE# Meeting, Symposiums and Seminars
1. Extreme Photonics Seminar, “Attosecond coincidence spectroscopy on molecular, cluster and liquids “, Prof. Hans Jakob Worner,
Wako, November 25 (2022).

(5) #35FHFE  Patent Applications
1. BERER, RNIRE,"BREERET Sy by b BV 21— )VEEZLRRICEIT SR - BEREE ", 2023 F£3 8.

(6) BMEIANEFRIE FEY 7R (MEERIEG EDBHFESE)  Topics

1. Lin.Y., “JSAP Diversity & Inclusion Awards”, March 2023.
2. Lin.Y. “The 15th Osaka University Kondo Prize”, July 2022.

HBEE D FeHEAZEF — L.~ Ultrafast Spectroscopy Research Team

(1) FREFR (accept) ZZ3L  Original Papers

1. Iwamura, M., Urayama, R., Nozaki, K., Liu, L., Kuramochi, H., Takeuchi, S., Tahara, T., “Spectroscopic mapping of the gold complex
oligomers (dimer, trimer, tetramer, and pentamer) by excited-state coherent nuclear wavepacket motion in aqueous solution”, Phys.
Chem. Chem. Phys. 25, 966-974 (2022).

2. Ahmed, M., Nihonyanagi, S., Tahara, T., “Ultrafast vibrational dynamics of the free OD at the air/water interface: Negligible isotopic
dilution effect but large isotope substitution effect”, J. Chem. Phys. 156, 224701/1-9 (2022).

3. Hanaoka, K, Iwaki, S., Yagi, K., Myochin, T., Ikeno, T., Ohno, H., Sasaki, E., Komatsu, T., Ueno, T., Uchigashima, M., Mikuni, T., Tainaka, K.,
Tahara, S., Takeuchi, S., Tahara, T., Uchiyama, M., Nagano, T, Urano, Y., “A general design strategy to precisely control the emission of
fluorophores via a twisted intramolecular charge transfer (TICT) process”, J. Am. Chem. Soc. 144, 19778-19790 (2022).

4. Ishiyama, T, Tahara, T., Morita, A., “Why the photochemical reaction of phenol becomes ultrafast at the air-water interface: The effect
of surface hydration”, J. Am. Chem. Soc. 144, 6321-6325 (2022).

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

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

1. BFEE, BREAT, " 7 L MORREOMESMEES I VN CRAMEERIGOBERIEEL 1T I 7R ", #F, 53 (3), 132-139
(2022).

2. BERt MTWEE, &fRe , BEAF, " 7 T L MOYBRBSRA VNIV THES I U DHICE BAFRERERZ AT IV ADR
BFREIMEEBES 7, Y6, 51 (1), 8-14 (2022).

(3) $B#F5&E  Invited Talks

1. MBS, 2FEONAZRAVCESRERNDNEDRREZDISAH ", 8 70 EISAMBEFEEERNAER , BR I\ TUy
F) .38 15H-18 B,(2023).

2. Tahara, T, “Ultrafast dynamics at the water interfaces revealed by time-resolved phase-sensitive nonlinear spectroscopy”, Seminar,
The Hebrew University of Jerusalem, Israel, February (2023).

3. MBS, "2FLONNRERVEY I Y b - /A XRAZEZ SBERERNDFCAE ", L—F—F2FMERIE 43 BERK
=,%4E,1819H,(2023).

4. Tahara, T., “Structure and ultrafast dynamics at the water interface revealed by phase-sensitive nonlinear spectroscopy”, Guest
Seminar, Weizmann Institute of Science, Israel, January (2023).
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12.
13.
. Tahara, T., “Ultrafast chemical dynamics at the water surface revealed by femtosecond time-resolved phase-sensitive nonlinear

Mohammed, A., Nihonyanagi, S., Tahara, T., “Mechanism of vibrational relaxation of free OH/OD at the water surface by TR-HD-VSFG
spectroscopy”, Saitama SFG Colloquium Il, T W %, 11 B 22 B, (2022).

MBS, " EFEDONKENRETET T - a3y b - /A XRINDHE ", B - BHRAEAST T —7 23w 7, fiRET, 11 B 14
H,(2022).

MR, " EFHDONAENIRE THEERERNDNEEORE " AWINAFENMWHARELZF— (F>>0)  BEH, 1A
11 H,(2022).

Nihonyanagi, S., “Studies of buried material interfaces using heterodyne-detected vibrational sum frequency generation
spectroscopy”, 2022 RIKEN-NCHU Joint Symposium, Online, August (2022).

Tahara, T., “Ultrafast dynamics at the water interfaces revealed by femtosecond phase-sensitive nonlinear vibrational spectroscopy”,
27th International Conference on Raman Spectroscopy (XXVII ICORS), USA, August (2022) (Keynote).

. Matsuzaki, K., “Ultrasensitive absorption spectroscopy realized by entangled photon pairs”, The 13th International Conference on

Information Optics and Photonics (CIOP 2022), China, Webinar, August (2022).

. Tahara, T, “Ultrafast Dynamics at Aqueous Interface Revealed by Heterodyne-Detected Vibrational Sum-Frequency Generation

Spectroscopy”, Gordon Research Conference on Water and Aqueous Solutions, USA, July (2022).
Tahara, T., “Vibrational relaxation of OH stretch at the air/water interface”, CMDS2022, USA, June (2022).
Nihonyanagi, S., “Structure and dynamics of water at interfaces”, Annual Summer School Solvation Science, Germany, June (2022).

spectroscopy”, Symposium “Multiscale Chemistry and Dynamics at Surfaces and Interfaces”, Spring 2022 American Chemical Society
(ACS) meeting, USA, March, (2022).

. Tahara, T, “A chemical reaction becomes ultrafast at the water surface”, The 16th biennial DAE — BRNS Trombay Symposium on

Radiation & Photochemistry (TSRP-2022), India, Webinar, January, (2022).

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

1.
2.
3.

Seminar, “Time-resolved spectroscopy techniques and applications to the field of life science”, #13% , 1 B 13 H (2023).

Seminar, “Surface SFG spectroscopy of water”, #13% , 5 B 24 B (2022).

Seminar, “Semiconductor Photocatalysts for Artificial Photosynthesis: Operando Characterization under Water”, #1 ¢ ,4 B 28 H
(2022).

Seminar, “Developments of density functional theory and integral equation theory for solvation and phase equilibrium”, ¥13¢ , 4 B
25 H (2022).

Seminar, “Development of a highly stable Fourier transform limited picosecond time-resolved Raman spectrometer: vibrational
dynamics of transient molecules near metal nanoparticles”, ¥13¢ , 4 B 22 B (2022).

(5) BEINEFIH . FEY IR MERELEEDIBHEESE)  Topics

1.
2.

J. Am. Chem. Soc. Vol. 144, No. 14, 2022 £ 4 B 4 BH{7 Supplementary Cover
J.Chem. Phys. Vol. 156, No. 22,2022 & 6 B 8 H¥T Front Cover, Editor’s pick

3. Phys. Chem. Chem. Phys. Vol. 25,2022 2 11 B 30 H%{7T Inside Back Cover, Hot Paper

BRI Y =7V JHEF—L  Space-Time Engineering Research Team

(1) FESRX (accept) Z3E . Original Papers

1.

Takamoto M., Tanaka Y., and Katori H., “A perspective on the future of transportable optical lattice clocks”, Appl. Phys. Lett. 120,
140502 (2022).

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

1.
2.
3.

BRAR,"FLOKSHDRROMBLARZEZS ", WRREE [BA T | REHOME] 2022 F55, (2022).
BEWER " RFEHHETZ SV IRXEEM ", b5V RAZEIM 2023 F£1 85 (700 55225 ), #1712 B 10 B, (2022).
BNEER, BANE " EFHA" AEMEOEFHEEER/N\Y F T v 7 (£54 BHE-$4%), %1738 ,P761-772(2023).



(3) #B1%:88 Invited Talks

1.
2.

8.
9.

FWHE, " TR ~HANC K YV EZ BHRRK~ ", Shimadzu 5 W HAIS REFANGEER , &R (Video £REFEE ), 5 A 26 H, (2022).
Katori H., “Making optical lattice clocks compact and useful for real-world applications”, APS DAMOP 2022 Meeting AQ1
Breakthrough Prize in Fundamental Physics, Florida, May (2022).

FWHRE " R TFREHC L 2BRBEREHA S ISA ", RF 1Y AT LREER Hafl#EE, 7,6 A 21 H, (2022).

Katori H., “(Plenary) Making optical lattice clocks compact and useful for real-world applications”, The 27th International Conference
on Atomic Physics (ICAP2022), Canada, July (2022).

Katori H., “(Plenary) Making optical lattice clocks compact and useful for real-world applications”, The 22nd international vacuum
congress IVC-22, Sapporo, September (2022).

Katori H., “Making optical lattice clocks compact and useful for real-world applications”, Quantum sensors and tests of new physics
(QSNP), Canada, October (2022).

Takamoto M., “Test of gravitational redshift with optical lattice clocks and their applications”, ACES Workshop 2022, France, October
(2022).

FEWHE " TR ~FT LV ZE D B~ ", =HF K PreEMP, 5lRI=, 10 A 27 B , (2022).

BIFHEE, " FEODRENT B A TV RERROEMIC DA ", ABHEREFEE, R, 11 B 17 8, (2022).

10. BEFER, " SR FEET~HT LVBEEZ D B~ ", TRAZE RRAY EMP 455588, %, 1 B 17 B, (2023).

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

1.

BABKRKAERTOV TV b AVN=T—=0 23 v T #0%,12 B 13 H (2022).

(5) F¥EFiHFE .~ Patent Applications

1.

EWMHE, BAES , ARIE,  BRFE—LERER. MBIy r—I ARFREAYE/NY F—I RFRETAYME/NNY F—I,
REFFSstRME/ Ny F—Y FERNEBT /N ARy r—20 RO, /Ny 5 —I 2 X7 L " FEFE 2022-078839, 2022
F£58128.

EWMHE, BANE  ERIE, BRAFE STy TEE, /NNy r—T XRTFRETRYE/ Ny r—2 . RFEERE/ NNy F—J,
REFFSstRME/ Ny F—Y FERNEBT /N ARy r—20 RO, ME/Ny 5 —I 2 X7 L " FRE 2022-096079, 2022
F6H148.

BIER, BANS  ERIE,  AHRFEREB. AHRFERAZE. YR/ r—I0 HEFRERYE/N\Y 57— RFEEH
W/ r—20 BRFFSHARME/NNy r—J EFRROLET N\A XBME/NNy r—I0 RO, BNy r—I VAT L " 558
2022-114807,2022 7B 19 8.

EWMHE, BANE  ERIE, BRAFE STy TEE, /NNy r—T XRTFRETRYE/ Ny r—2 . RFEERE/ NNy F—J,
RFFSetRImE/ Ny r—Y EFBEROET NAZABWME/NN\y 5r—J RO, ME/Ny 5—I 2 X7 4" JP2023/000305(PCT),
2023 1H10H.

(6) BMEIANEFRIE FEY 7R (MEERIEG EDBEHFESHE)  Topics

1.

BRARF— LV —F—HFHEZTE (AR ), 300 BFIC 18 LHAELEVRFREZHE ", 202298308 .

BFA 7 I LY FOZ9 AHEF—L .~ Quantum Optoelectronics Research Team

(1) FREFR (accept) Z23L  Original Papers

1.

E.R., Ahmed, Kozawa, D., Kameda, T,, Kato, Y. K,, Ito, Y., Kawamoto, M., “Diameter-selective sorting of single-walled carbon nanotubes
using 71 -molecular tweezers for energy materials”, ACS Appl. Nano Mater. 6, 1919-1926 (2023).

Kozawa, D, Li, S. X., Ichihara, T, Rajan, A. G., He, G., Koman, V. B,, Zeng, Y., Kuehne, M., Silmore, K. S., Parviz, D., Liu, P., Liu, A. T,
Faucher, S., Yuan, Z., Warner, J., Blankschtein, D., Strano, M. S., “Discretized Hexagonal Boron Nitride Quantum Emitters and their
Chemical Interconversion”, Nanotechnology 34, 115702 (2023).

Fujii, S., Wada, K., Sugano, R., Kumazaki, H., Kogure, S., Kato, Y. K., Tanabe, T., “Versatile tuning of Kerr soliton microcombs in
crystalline microresonators”, Commun. Phys. 6, 1-8 (2023).
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Yu, B., Naka, S., Aoki, H., Kato, K., Yamashita, D., Fujii, S., Kato, Y. K,, Fujigaya, T., Shiraki, T., “ortho-substituted aryldiazonium design for
the defect configuration-controlled photoluminescent functionalization of chiral single-walled carbon nanotubes”, ACS Nano 16,
21452-21461 (2022).

Fang, N., Yamashita, D., Fujii, S., Otsuka, K., Taniguchi, T., Watanabe, K., Nagashio, K., Kato, Y. K., “Quantization of mode shifts in
nanocavities integrated with atomically thin sheets”, Adv. Opt. Mater. 10, 2200538 (2022).

Zhang, R, Feng, Y., Li, H., Kumamoto, A.,, Wang, S., Zheng, Y., Dai, W., Fang, N,, Liu, M., Tanaka, T., Kato, Y. K., Kataura, H., lkuhara,
Y., Maruyama, S., Xiang, R., “Fabricating one-dimensional van der Waals heterostructures on chirality-sorted single-walled carbon
nanotubes”, Carbon 199, 407-414 (2022).

Kozawa, D., Wu, X., Ishii, A., Fortner, J.,, Otsuka, K., Xiang, R, Inoue, T., Maruyama, S., Wang, Y-H., Kato, Y. K., “Formation of organic
color centers in air-suspended carbon nanotubes using vapor-phase reaction”, Nature Commun. 13, 2814 (2022).

Otsuka, K., Ishimaru, R., Kobayashi, A., Inoue, T,, Xiang, R, Chiashi, S., Kato, Y. K., Maruyama, S., “Universal Map of Gas-Dependent
Kinetic Selectivity in Carbon Nanotube Growth”, ACS Nano 16, 5627-5635 (2022).

Machiya, H., Yamashita, D., Ishii, A., Kato, Y. K., “Evidence for near-unity radiative quantum efficiency of bright excitons in carbon
nanotubes from the Purcell effect”, Phys. Rev. Research 4, L022011 (2022).

(2) EZE . @857 &  Book Editions, Review Papers

1.

2.
3.
4

Otsuka, K., Kato, Y. K., “Deterministic manipulation of carbon nanotubes for optical devices”, JSAP Review 2023, 230406 (2023).
KEEE  MEHE—RR, " A—R>VF/Fai—TJOBHEEBENT /N1 R ", [SAYE 91, 736 (2022)

INEARHD, MNERHE—EBR , " BBH— R/ Fai—TJICEFRMBEEA " bFE T 75,744 (2022).

AEEE, BHE, HEZM, " BUICBEDOOOEBNERKRILNR ", L—F—F=25F L —T—H3E 50, 248-253 (2022).

(3) $B1%:88  Invited Talks

1.

INERE, ERTTF / B ORI TR Y, BAYEF R 2023 FE5FEAS (%) BEFEMETERXEE, Online, 3 8 25
H,(2023).

Kozawa, D., Wu, X,, Ishii, A, Fortner, J., Otsuka, K, Xiang, R., Inoue, T., Maruyama, S., Wang, Y. H., Kato, Y K., “Formation of Organic
Color Centers in Air-Suspended Carbon Nanotubes Using Vapor-Phase Reaction”, JSAP-Optica Joint Symposia, the 83rd JSAP
Autumn Meeting 2022, Miyagi, Japan, September 21 (2022).

Kato, Y. K., “Excitons in carbon nanotubes meet layered materials: Mixed-dimensional heterostructures for nanoscale photonics”, 8th
Workshop on Nanotube Optics and Nanospectroscopy (WONTON2022), Madison, Wisconsin, USA, July 27 (2022).

Kato, Y. K., “Exciton physics and cavity quantum electrodynamics in air-suspended carbon nanotubes”, The 22nd International
Conference on the Science and Applications of Nanotubes and Low-Dimensional Materials (NT22), Suwon, Korea, June 23 (2022).
Otsuka, K., Inoue, T., Xiang, R., Chiashi, S., Kato, Y. K., Maruyama, S., “Kinetic Selectivity of Chemical Vapor Deposition Growth of
Carbon Nanotubes”, 241st Electrochemical Society Meeting, Vancouver, Canada, June 2 (2022).

Otsuka, K., Fang, N., Yamashita, D., Taniguchi, T., Watanabe, K., Kato, Y. K., “Deterministic Transfer of Optical-Quality Carbon
Nanotubes for Atomically Defined Technology”, 241st Electrochemical Society Meeting, Vancouver, Canada, June 2 (2022).

Li, Z,, Otsuka, K., Yamashita, D., Kozawa, D., Kato, Y. K., “Quantum Emission Assisted By Energy Landscape Modification in Pentacene-
Decorated Carbon Nanotubes”, 241st Electrochemical Society Meeting, Vancouver, Canada, May 31 (2022).

Fuijii, S., “Systematic microresonator dispersion engineering for frequency comb generation”, The 11th Advanced Lasers and Photon
Sources (ALPS2022), Yokohama, Kanagawa, Japan, April 18, (2022).

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

1.

= +—, IMRERE, Postdoctoral Scholar, Quantum Biology Tech (QuBiT) Lab., University of California, Los Angeles, “Macroscopically
aligned carbon nanotubes: preparation and their optical, electronic and thermoelectric properties”, #13¢, 2 B 27 H (2023).
TIf—, SNE, BEZRDAFEIFHRESERIFEREE 7 + b2 v VBEMEZEETFRTE, “Design and fabrication toward
passively mode-locked microlaser”, #15% ,2 B 21 B (2023).

¥ =+ —, Zhiwei Dai, RRAFEERMAZTPTE AT EELERIE , “Towards the generation of optical skyrmions on nanophotonic
devices”, #13%, 2 A 14 B (2023).

+ = 7 —, Mengyue Wang, KIRAFAFHRTZARRBMBEREB MR EE LR, “Investigation on high-temperature
growth of single-walled carbon nanotubes from solid carbon nanoparticle seeds”, #15%t , 2 A 6 H (2023).



(5) WEITANEFHE - PEY IR (MEREL EDIBHESE)  Topics

1.
2.

> W

o N o W

T ROL - AF747 "N THEARROEDE L) OEBHIEERIE", 2023E18198.

Tii BEAER , "N THREREOEDE Ll ORBHIH%E RE~BEDHEPEMS T 7 DRRERNDOSANAIF T~ ", 2023
F£1H8118.

BtoB 75w b 74— L ¥R Ch, " /B THEARKOEDE L) OEBHIEAERIE", 2023F1811 8.

BARDAZE .com, " BB THERBDEDE L] OREHEZ R —BERONLPEMET M7 OERERNORANAIFT—",
2023FE 1B 11 8.

NIKKEI Tech Foresight, “ iK%z E. A—R>F/Fi—Taeelt 2FBEIC",2022F128158.

B XTECH, " ANKZEHZEA—R >V F/ Fa1—TEFAFEEERER(E. 1000nm L ERIB ", 2022 F 128 15H.

TECH + , “f&8iA— AR > 7/ F 1 —THI B REEHIEEMT S B Eh 2Rk E1E ", 2022F 1256 8.

B, " INKEE INTIERARADOEESE - SHEEEERMERE NA4 4 A—I Y OEREANFREMORRICHRF ",
2022F1281H.

Laser Focus World, * i—R> 7+ ./ F 21— 7 DEFNFEADBRREHIE - Siae b HEMamE ", 2022511 A 258.

. EETimes Japan, " RIF&R(t LR 2 ERMICBIE FTeGfRETFET ONT LICEREDORIEEEEFR ", 2022 £ 11 B 25 8.
. Ti BB, " H—R T/ F 21— T DIRFARENDOERGIE - SR ERFE~/\A T A A=V TOFRRAR ZHM O

[CHARE~",2022 11 B 22H.

. OPTRONICS ONLINE, “ 1K 5, CNT EAD R RHIEH & StaeicmTh ", 2022 11 B 22 8.
. RIKEN Research Highlight, “A cleaner, better way to produce single-photon emitters”, 2022 &£ 11 B 2 H .

TECH+, “ R & 2948 ONT |3k T8FRM) ZEBATH5FAZRHE " 2022F 5824 8.

. Mapion Za1—X , "B/ E. 48 ONT ICRR TEFXRME) BEATHFEERE " 2022F5824H.
. Lase Focus World, “ &85 288 H— R+ / Fa1—JICEFRMBEEEA ", 2022 E58238.
L ATNAZORFUSA Y BRS, EREERE ONT ICEFRMEEA ", 2022 FE5 823 8.

BAEETE, B ERA, BRERBA—RYF/Fa1—JICEFRMZEEA ", 2022F5H208.

BEEIb—L v FRXEINFEMIEF —L  Ultrafast Coherent Soft X-ray Photonics Research Team

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

1.

Xu, L., Xue, B., Ishii, N., Itatani, J., Midorikawa, K., Takahashi, E.J., “100-mJ class, sub-two-cycle, carrier-envelope phase-stable dual-
chirped optical parametric amplification”, Opt Lett 47, 3371-3374 (2022).

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

1.

PRSI, NS A M)y VBEEFRALET STy MEEBERFRN VAL - —0ORR ", L—Y—H% E50E5FE6S
(2022).

(3) #31%:88 Invited Talks

1.

Takahashi, E.J., “Novel ultrafast laser technologies for generating GW-scale isolated attosecond pulses”, The 1st International
Conference on UltrafastX, Xi'an, China, Apr. (2022).

Takahashi, E.J., “Intense single-cycle pulses via serial waveform synthesis”, International Symposium on Ultrafast Intense Laser
Science 2022, Hawaii, USA, Dec. (2022).

Takahashi, E.J., “Novel laser sources for driving an intense attosecond pulse”, The 13th International Conference on Information
Optics and Photonics (CIOP 2022), Online, Aug. (2022).

Xu, L., Takahashi, E.J., “Over 60-mJ, Mid-IR Single-Cycle Pulses based on the Advanced DC-OPA”, The 12th Asian Symposium on
Intense Laser Science (ASILS12), Singapore, Dec. (2022).

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

1.

6th RIKEN-RAP and QST-KPSI Joint Seminar, &8, 2 B 8 H (2023).
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BEN\VAEFEHFIERAEBMEF—L  Ultrashort Electron Beam Science RIKEN Hakubi Research Team

(1) FREFR (accept) ZZ3L  Original Papers
1. Morimoto, Y., Chen B. H., Baum, P., “Free-electron tomography of few-cycle optical waveforms”, Ann. Phys. 534, 2200193 (2022).

(2) EE - @85 & Book Editions, Review Papers
1. Morimoto, Y., “Attosecond electron-beam technology: a review of recent progress”, Microscopy, 72, 2-14 (2023).
2. FHmABM,E@E RN VARV MREFE—LFIE ", L— 3T, 50, 308-312 (2022).

(3) 1B7¥58® . Invited Talks

1. FABL, "7 MEF/INVAOREE EREEMETRAORS ", L - —ZZMEERE B EENAR, &HE, 1B 198,
(2023).

2. Morimoto, Y., “Generation of attosecond electron beams and the potential applications to electron-atom collisions”, 14th Asian

International Seminar on Atomic and Molecular Physics virtual meeting, Online, February (2023).

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

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

1. 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).

2. Rodriguez-Gallardo, S., Sabido-Bozo, S., Ikeda, 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. 39, 110768 (2022).

3. Kakimoto-Takeda, Y., Kojima, R., Shiino, H., Shinmyo, M., Kurokawa, K., Nakano, A., Endo, T., and Tamura, Y., “Dissociation of ERMES
clusters plays a key role in attenuating the endoplasmic reticulum stress”, iScience 25, 105362 (2022).

4. Jin, Y, Jin, N., Oikawa, Y., Benyair, R., Koizumi, M., Wilson, T.E., Ohsumi, Y., Weisman, L.S., “Bur1 functions with TORC1 for vacuole-
mediated cell cycle progression”, EMBO Rep. 23, 53477 (2022).

(2) EE . #5175 & Book Editions, Review Papers

1. Nakano, A., “The Golgi apparatus and its next-door neighbors”, Frontiers Cell Dev. Biol. 10, 884360 (2022).

2. Andrews, B., Chang, J.-B., Collinson, L., Dong Li, Lundberg, E., Mahamid, J., Manley, S., Mhlanga, M., Nakano, A., Schéneberg, J., Van
Valen, D., Wu, T. C,, and Zaritsky, A., “Viewpoint: Imaging cell biology”, Nat. Cell Biol. 24, 1180-1185 (2022).
REFERE BRI TREERZD ? 7 BRRIRA A —T 2 TRZ%EMmIAS , BIO Clinica 37,979 (2022).
EAKEH " SRBARREMEADRIHR ", Plant Morphol. 34, 25-27 (2022)
Tojima, T., Miyashiro, D., Kosugi, Y., and Nakano, A., “Super-resolution live imaging of cargo traffic through the Golgi apparatus in
mammalian cells”, Methods Mol. Biol. 2557, 127-140 (2023).

6. HEFEAE " D FIMOMBENE ", CSI ALY L E1— " RS FIRED(LE ", 45, 22-25, BA{LE R (2023).

(3) 1B1FEE  Invited Talks

1. Nakano, A, “Golgi and its neighbors as seen by super-resolution live imaging”, FASEB Science Research Conference “The Small
GTPases in Membrane Processes”, Nova Scotia, Canada, May 16 (2022).

2. Nakano, A, “Mechanisms deduced from comparison between yeast, plant and animal cells”, FASEB Science Research Conference
“The Small GTPases in Membrane Processes”, Nova Scotia, Canada, May 19 (2022).

3. Tojima, T., “Dynamics of membrane traffic in the neuronal growth cone revealed by super-resolution live imaging”, Symposium
on “Fantastic Voyage into the Intra- and Inter-cellular Structures in the Brain”, the 45th Annual Meeting of the Japan Neuroscience
Society (Neuro2022), Ginowan, Japan, July 2 (2022).



Nakano, A., “Organization of the Golgi apparatus and its neighbors -- Insights from the comparison between yeast, plant and animal
cells”, Symposium on Recent Advances in Interorganellar Dynamics and Network, International Conference of the Korean Society for
Molecular and Cellular Biology 2022, Jeju, Korea, September 29 (2022).

Nakano, A., “Golgi and its neighbors as seen by super-resolution live imaging”, EMBO Members’ Meeting, Heidelberg, Germany,
October 28 (2022).

REFRRE  FERER, " DIV IR EZDREIBICE T H38REX—mIRUIC L D A D ZXLMR ", ¥V RI UL " EHEEMFEOEFHN
£ 5 BRAEFRAR, LEE, 11 A 9 H (2022).

BB, JIVIEEM - MADRZEBAANTI IR, I VRITL " FIVARS OEEEEEN S RZ 2EMBEROFERE ",
£ 95 B RAEFRAR, BEE, 11 B 9 H (2022).

ERAHE, PHFRE ,  SHRBRROLOOEREEGIEHBEORR ", YV RY VL "EBRI 4+ NV AERAT T TR ET
#HrfEAlxE ", Optics & Photonics Japan 2022, &%=, 11 B 14 B (2022).

F SRR, " ER B AR RIAMERIC £ 5 0V IV RDORIZEMBIREDRFT 7, EXCELLS £ X — , @I, 3 B 14 B (2023).

(4) BEIANEFE - FEY 7R MEREG EDBEHFESE)  Topics

1.

HEFEE NHKBS 7L X7 L"Ea1—RZIIVAABEDRLSH ", "B ~ZUIEMDEE ", 2022 F4858.

SRRz F — L Biotechnological Optics Research Team

(1) FREFR (accept) ZZ3L  Original Papers

1.

Hirano, M., Ando, R., Shimozono, S., Sugiyama, M., Takeda, N., Kurokawa, H., Deguchi, R, Endo, K., Haga, K., Takai-Todaka, R., Inaura,
S., Matsumura, Y., Hama, H., Okada, Y., Fujiwara, T., Morimoto, T., Katayama, K., Miyawaki, A., “A highly photostable and bright green
fluorescent protein”, Nat Biotechnol. 40(9):14122022. (2022)

(2) $B1%:88  Invited Talks

1.
2.

o v ox W

FHFEREE , “Cruising in the Cell”, 55 51 BIBARBFRFMERA T Z I +—  BER (N1 T7 U v F),1287H,(2022).
EHEREE , "Cruising inside cells” The 1st Korea-Japan Science and Technology Forum of Innovation ( EEAEEEEM ), HR (/\17
Jw R),11 B 25H,(2022).

Miyawaki, A., “Cruising in the Cells”, 2022 ICCB & APOCB JOINT MEETING, Taiwan (Hybrid), November (2022).

BEIRESE , “Cruising inside cells”, 85 42 B+ v ES ) —BXUAENIY VRI T L, 8/, 10 B 26 B, (2022). (FF5IER)

ERRBSE , “Intra Vital Imaging”, 5 41 BEIHAEEN2REHE - BEEFHZES , #E,10 8 18, (2022). (FFHIFEH)

BB, “Continuity in Space and Time”, A=Y Y JHR— MIRF Vv IATIVRIIL V> - Z7ODMR , KIRIB7H,
(2022).

EHREE , “Light and Life in Medicine”, TF ZX/\— MIZFEAR%& 2022, Zoom, 5 B 20 H , (2022). (4558 )

E{RIERUNEBMAZEF — L~ Image Processing Research Team

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

1.

Chu, S-L., Abe, K., Yokota, H., Tsai, M-D., “Recurrent Neural Network for Monitoring Mouse Embryonic Stem Cell Colony in vitro Using
Time-lapse Fluorescence Microscopy Images”, Biomedical Engineering: Applications,Basis and Communications.34,05,2250030
(2022).

Chu, S-L., Sudo,K., Yokota, H., Abe, K., Nakamura, Y., M.D. Tsai, “Human induced pluripotent stem cell formation and morphology
prediction during reprogramming with time-lapse bright-field microscopy images using deep learning methods”, Computer
Methods and Programs in Biomedicine.229, 10, 107264 (2023).

Umebayashi, M., Takemoto, S., Reymond, L., Sundukova, M., Hovius, R., Bucci, A., Heppenstall, P.A., Yokota, H., Johnsson, K., Riezman,
H., “A covalently linked probe to monitor local membrane properties surrounding plasma membrane proteins”, Journal of Cell
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Biology, 222(3):€202206119 (2023).

Ando, N., Kono, T., Ogihara, N., Nakamura, S., Yokota, H., Kanzaki, R., “Modeling the musculoskeletal system of an insect thorax for
flapping flight”, Bioinspiration & Biomimetics. 17,6 (2022).

Tamura, N., Goto, S., Yokota, H., and Goto, S., “Contributing role of mitochondrial energy metabolism on platelet adhesion, activation
and thrombus formation under blood flow conditions”, Platelets. 33, 7, 1083-1089 (2022).

Furukawa, T., Oyama, S., Yokota, H., Kondoh, Y., Kataoka, K., Johkoh, T., “A comprehensible machine learning tool to differentially
diagnose idiopathic pulmonary fibrosis from other chronic interstitial lung diseases”, Respirology (2022).

Yamashita, N., Matsuno, T., Maeda, D., Kikuzuki, M., Yokota, H., “Efficient 3D observation of steel microstructure using serial
sectioning with precision cutting and on-site etching”, Precision Engineering. 75, 37-45, May (2022).

Hu, R., Monebhurrun, V., Himeno, R., Yokota, H., Costen, H., “A general framework for building surrogate models for uncertainty
quantification in computational electromagnetics”, IEEE Transaction on Antennas and Propagation. 70, 1402 — 1414, Feb (2022).
Takematsu, M., Umezawa, M,, Sera, T., Kitagawa, Y., Kurahashi, H., Yamada, S., Okubo, K., Kamimura, M., Yokota, H., 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 (2022).

. Fukatsu, M., Yoshizawa, S., Takemura, H., and Yokota, H., “Adaptive and Dynamic Regularization for Rolling Guidance Image

Filtering”, Proc. of Pacific Graphics Short Papers, Posters, and Work-in-Progress Papers. 43-48, Eurographics Digital Library (2022).
R, HEE, TR, BESXK,  EEIEDEE S Ridge ElIEE BV EEFEE Rolling Guidance iR 7 1 /LR ", [BRIVEBZ S
TR, 2022-CG-186, 2, 1-11, IFHRAIEF & (2022).

Hori, K., lkematsu, H., Yamamoto, Y., Matsuzaki, H., Takeshita, N., Shinmura, K., Yoda, Y., Kiuchi, T., Takemoto, S., Yokota, H., 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 34, 5, 1021-1029 (2022).

. Feldotto, B., Eppler, J., Romero, C., Bignamini, C., Gutierrez C., Albanese, U., Retamino, E., Vorobev, V., Zolfaghari, V., Upton, A, Sun

Z., Yamaura, H., Heidarinejad, M., Klijn, W., Morrison, A., Cruz, F., McMurtrie, C., Knoll, A., Igarashi, J., Yamazaki, T., Doya, K., Morin,
F., “Deploying and optimizing embodied simulations of large-scale spiking neural networks on HPC infrastructure”, Frontiers in
neuroinformatics. 16, 884180 (2022).

. Oota, S., Abe, K, Yokota, H., et al., “Real-Time Course: Reconstruction of cellular diversity and lineage trajectory based on somatic

mutational patterns detected from low-pass single-cell transcriptome data”, Research Square (2022).

(2) &8, YVERIIL, £XF—ZE# Meeting, Symposiums and Seminars

1.

EEERH»OVRE FIRESERE, REKAFZEFE, 2 A 15 B

(3) #35FHFE  Patent Applications

1.
2.
3.

HEAX, " BROBEE, BROUERE. LU IvE1—42707 5 L7 FFE 2022-043291,2022 %3 A 18 H

Hideo Yokota, “SYSTEMS FOR IDENTIFYING CELLS AND USES THEREOF” ,US 17/715975,2022 %£ 4 B 8 H

MBS, E)IEL, te2mE, BRE, "TERANY A7 L TBRoRAE ROTOT 547, R 2022-14019, 2022 &
9H2H %¥FE 2022-140194

BHREX, " BRMEEE. BRWEAZE BELU. OvE€a—2700 5 L7 K8 2022-175512,2022 F 11 B 1 H

KRHEESSE “ 2> J)btIL RNA-seq T — 2 H SIS THIRRERBEREFH AT 2RI DBHAE ", BIMEETHEF

(4) HEITNEFHE - PEY IR (MEREL EDIGHEESE)  Topics

1.
2.

HE77./0YV—EE£ 2023 #HREZZ% 100 DFff, BFEBP, 202298 15H
Riken 7 O—X7 v 7R%HE



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

(1) FREFR (accept) ZZ3L  Original Papers

1.

Kato, R., Yano, T., Minamikawa, T., and Tanaka, T., “High-Sensitivity Hyperspectral Vibrational Imaging of Heart Tissues by Mid-
Infrared Photothermal Microscopy”, Analytical Sciences 38, 1497-1503 (2022).

Chen, MK, Chu, C. H,, Liy, X,, Zhang, J., Sun, L., Yao, J.,, Fan, Y., Liang, Y., Yamaguchi, T, Tanaka, T., and Tsai, D.P., “Meta-Lens in the
Sky”, IEEE Access 10, 46552-46557 (2022).

Kato, R., Yano, T,, and Tanaka, T., “Multi-modal vibrational analysis of blend polymers using mid-infrared photothermal and Raman
microscopies”, Vibrational Spectroscopy 118, 203333 (2022).

Kato, R., Uesugi, M., Komatsu, Y., Okamoto, F., Tanaka, T., Fumihisa Kitawaki, and Yano, T., “Highly Stable Polymer Coating on Silver
Nanoparticles for Efficient Plasmonic Enhancement of Fluorescence”, ACS Omega 7, 4286-4292 (2022).

Tanaka, T., Yano, T,, and Kato, R., “Nanostructure-enhanced infrared spectroscopy”, Nanophotonics 11, 2541-2561 (2022).

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

1.
2.

HBFRE , A2 7 ) 7 IV EBRRERDYENDIGH ", EFBHREBEEF SRS 105, 1454-1456 (2022).
HPIRE " ZRTA R T U T IVIE K 2SN RFANRUUE & FRANDFEIS 7, T 547 > X 33,1-4 (2022).

(3) #B#EFHEE  Invited Talks

1.

Kato, R., Yano, T., and Tanaka, T., "Visualizing enhanced optical fields of dielectric-based metamaterials by mid-infrared photothermal
microscopy", SPIE Photonics ASIA 2022 (Nantong, Jiangsu, China, China) (2022.12.5) (2022).

Oguchi, M.V, Hayazawa, N., and Tanaka, T., "Tip-enhanced Raman spectroscopy: Probing physicochemical properties at the
nanoscale in ambient", SPIE Photonics ASIA 2022 (Nantong, Jiangsu, China, China) (2022.12.5) (2022).

Tanaka, T., "Three-dimensional broadband metamaterial absorbers for IR gas molecules sensing", SPIE Optics+Photonics 2022 (San
Diego, CA, USA) (2022.8.24) (2022).

Tanaka, T., “Metamaterials for infrared spectroscopy: metals vs dielectrics", SPIE Optics+Photonics 2022 (San Diego, CA, USA)
(2022.8.21) (2022).

Tanaka, T., "Metamaterial absorber and reflector for ultra-sensitive infrared spectroscopy”, SPIE Optics+Photonics 2022 (San Diego,
CA, USA) (2022.8.22) (2022).

Oguchi, M. V. and Tanaka, T., "Characterization of monolayer graphene wrinkles via tip-enhanced Raman spectroscopy", SPIE
Optics+Photonics 2022 (San Diego, CA, USA) (2022.8.24) (2022).

Yano, T., Kato, R, and Tanaka, T., "Active plasmon-enhanced Raman microscopy for nanoscale control of chemical reactions", SPIE
Optics+Photonics 2022 (San Diego, CA, USA) (2022.8.24) (2022).

Yano, T., Kato, R., and Tanaka, T., "Ultrasensitive plasmonic sensing of single biomolecular complexes", SPIE Optics+Photonics 2022
(San Diego, CA, USA) (2022.8.21) (2022).

Tanaka, T., "Metamaterial enhanced IR spectroscopy for solid, liquid, gas, and chiral materials", The 12th International Conference on
Metamaterials, Photonic Crystals and Plasmonics (Torremolinos, Spain) (2022.7.21) (2022).

. Tanaka, T., "Metamaterials-Nanofluidics hybrid device for ultra-high-sensitive IR spectroscopy”, The 9th Forum on New Materials

(CIMTEC2022) (Montecatini Terme, Italy) (2022.6.25) (2022).

. Tanaka, T., "Metamaterials and their applications", NRC-RIKEN joint workshop on nanoscale quantum physics and devices (Closed)

(Online)) (2022.5.11) (2022).

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

International Convention Center, Grand Cube, Osaka, Japan) (2022.3.15) (2022).

. Kato, R, Yano, T., and Tanaka, T., "Visualizing Optical Fields of Dielectric-Based Metamaterials via Mid-Infrared Photothermal

Imaging", Global Nanophotonics 2022 (Core-to-Core Symposium GNP2022) (Osaka International Convention Center, Grand Cube,
Osaka, Japan) (2022.3.15) (2022).

. Yano, T, Kato, R, and Tanaka, T., “Ultrasensitive plasmonic sensing of single biomolecular complexes", Global Nanophotonics 2022

(Core-to-Core Symposium GNP2022) (Osaka International Convention Center, Grand Cube, Osaka, Japan) (2022.3.14) (2022).

49



50

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

1.
2.

SPIE Photonics ASIA 2022, “Plasmonics VII”, 2022 2£ 10 B 14 (2022).
SPIE Optics+Photonics 2022, “Plasmonics: Design, Materials, Fabrication, Characterization, and Applications XX”, 8 B 21 H (2022).

(5) BEIANEFE - FEY 7R MEREG EDBEHFESE)  Topics

1.

HAFRE, " UZDIEFOEE] #5 TAZIFT U7 )V] ¥+ 2", Youtube HRAZR (ZDIFDOYIE 2022 E5 8 16 H. (https://www.
youtube.com/watch?v=HcDExI1G7b4)

Jeiis L—H—IN A% F — L~ Advanced Laser Processing Research Team

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

1.

Obata, K., Caballero-Lucas, F., Kawabata, S., Miyaji, G., and Sugioka, K., “GHz bursts in MHz burst (BiBurst) enabling high-speed
femtosecond laser ablation of Silicon due to prevention of air ionization”, The Int. J. Extreme Manuf. (in press).

Tamaki, S., Ozasa, K., Nomura, T., Ishikawa, M., Yamada, K., Suzuki, K., and Mochida, K., “Zeaxanthin is required for eyespot formation
and phototaxis in Euglena gracilis”, Plant Physiol. (in press).

Bai, S., Obata, K., Kawabata, S., and Sugioka, K., “ A /20 surface nanostructuring of zinc oxide by mask-less ultrafast laser processing
for SERS applications”, Nanophotonics https://doi.org/10.1515/nanoph-2022-0657 (published online).

Bai, S., Ma, Y., Obata, K., and Sugioka, K., “Ultraminiaturized microfluidic electrochemical surface-enhanced Raman scattering chip for
analysis of neurotransmitters fabricated by ship-in-a-bottle integration”, Small Sci. 3, 2200093 (2023).

Kawabata, S., Bai, S., Obata, K., Miyaji, G., and Sugioka, K., “Two-dimensional laser-induced periodic surface structures formed on
crystalline silicon by GHz burst mode femtosecond laser pulses”, Int. J. Extreme Manuf. 5, 015004 (2023).

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 a microfluidic chip”, Opto-Electron. Adv. 5,210121 (2022).

Staicu, C. E, Jipa, F., Porosnicu, I, Bran, A, Stancu, E., Dobrea, C,, Radu, B. M., Axente, E., Tiseanu, I, Sima, F., and Sugioka, K., “Glass lab-
on-a-chip platform fabricated by picosecond laser for testing tumor cells exposed to X-ray radiation”, Appl. Phys. A128, 770 (2022).
Bai, S., Obata, K., and Sugioka, K., “Femtosecond laser near-field reduction for fabrication of 3D gold nanocluster array assisted by
MoS, quantum dots”, Front. Phys. 10, 917006 (2022).

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).

. Ishikawa, M., Nomura, T., Tamaki, S., Ozasa K., Suzuki, T., Toyooka, K., Hirota, K., Yamada, K., Suzuki, K., and Mochida, K., “CRISPR/Cas-9-

mediated generation of non-motile mutants to improve the havesting efficiency of mass-cultivated Euglena gracilis”, Plant Biotech.
J., 1-3(2022).

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

1.

Sugioka, K., “Nanofluidics fabricated by 3D femtosecond laser processing”, Bonse J., and Stoian R. (Ed.), Ultrafast Laser
Nanostructuring - The Pursuit of Extreme Scales, (Springer, Berlin) p.1085-1104 (2023). (in press)

Bai S., and Sugioka, K., “Strategies in surface-enhanced Raman scattering (SERS) for single-molecule detection and biomedical
applications”, Biomed. Mater. Devices, (2022). https://doi.org/10.1007/s44174-022-00053-w (published online).

Zhang J., and Sugioka, K., “Basics and applications of optical interferometers integrated by femtosecond laser”, Appl. Res. 1,
€202200002 (2022).

ERERX, B/ UVAL—TEE 3 RaTMIN IR O & SE T /1 RIERADISA . L—FIIOsHER (Y—IL
> —HAR, B]H) (2023). (in press)

INEZRER, AN\ IO VAR 75V0RY @ ER," T LMY GHz N=X ML RICK B 7T L— 3 VNI, L—510
TEREE, 29, 136-140 (2022).

MEZR, " RRAEZEREMERS T DN (LU-SERS) =7 T A ML —F—EEMITIC K W IER LTz 3 RT< (& Ok SERS F v
TERWET FE—S—t I I=" X747 >R 33(10),41-44 (2022).

INE ZXER, ATV O VAR TS5VERY  #E F=X,"GHz \N—A M E— R 7z LML —HY—MIT", X7 >17 X, 33(7),



10-14 (2022).

EEERXR, 27 L—YMINEFOMIGEER : 2.7.1 [ CHIT ", 2021 EEAEERMICET 2HRES () HEERMREHRSRE)
163-167 (2022).

=R, 27 L—FMINFOmGEEME : 273 SHOYIC", 2021 FEAEERMICEATI2HRES (B XEERMIREG SR
188-191 (2022).

CNEZERER, ANV IO IVAR TSI VERY R ER, 2R  FEED GHz N\—A M E-FT7 T LML—Y—IIT", 47 +0O

ZU X ,41,148-152 (2022).

(3) #31%:88 Invited Talks

1.

15.
16.
17.

18.
19.

Sugioka, K., Obata, K., and Kawabata, S., “GHz burst mode processing: ablation, LIPSS, TPP, LIPAA”, SPIE Int. Conf. on Laser-based
Micro- and Nanoprocessing XIV (LBMN XIV), San Francisco, USA, February (2023).

Sugioka, K., and Bai, S., “Attomolar sensing using 3D microfluidic SERS chips fabricated by hybrid femtosecond laser processing”, 3rd
Int. Workshop on Frontiers in Lasers and Applications (FLA-3), Nassau, The Bahamas, December (2022). Keynote talk

Sugioka K., and Bai, S., “Hybrid femtosecond laser processing for fabrication of highly sensitive SERS sensor”, 2022 Intl. Conf. on Adv.
Mater. Near-Net Form Technol., Hebei, China (Hybrid), November (2022). Plenary talk

Sugioka, K., and Bai, S., “Attomolar sensing using microfluidic SERS chip fabricated by hybrid femtosecond laser 3D Pprocessing”, 3rd
Int. Conf. on Optics, Photonics, and Lasers (OPL-2022), Web conference, November (2022). Keynote talk

Sugioka, K., "Ultrafast laser 3D processing", Academic Summer Camp of Inst. Photon. Technol, Jinan Univ, Web conference, August
(2022). Tutorial talk

Obata, K., Caballero-Lucas, F., Kawabata, S., Miyaji, G., and Sugioka, K., “High-speed ablation of crystalline silicon by femtosecond
laser BiBurst mode with GHz burst in MHz burst”, CLEO Pacific Rim 2022, Sapporo, Japan (Hybrid), August, (2022).

Sugioka, K., Obata, K., Caballero-Lucas, F., and Kawabata, S., “Femtosecond laser GHz burst mode: a new pathway to advanced
materials processing”, 12th Int. Conf. on Information Optics and Photonics (CIOP2021), Web conference, August (2022).

Sugioka, K., "Ultrafast laser 3D processing”, 7th Int. School on Lasers in Materials Science (SLIMS 2022), Venice, Italy, July (2022).
Tutorial talk

Sugioka K., and Bai, S., “Metal nanostructuring inside 3D glass microfluidics by hybrid femtosecond laser processing for attomolar
SERS sensing”, INFLPR Conference, Bucharest, Romania (Hybrid), June (2022).

B ZERER, ANTY IO IVAR TIVERY, I R, BHER, SEERX, ‘GHz \-A FE-FT7 T LML —T—ITLB

mmE - BME7 T L—2a VNI, E 70 BISEEFREEFEERS, RN, 3 A 16 H, (2023).

. EEZER, " AT ARBAD 3RTEEMLESRE/NAFF v TOER", B 5 EEIFERLEAREY VRITL TL—FEEM

TOME - HiDOEAHR] , %EHE,3 8 15 8, (2023).

| HEER, " SABE VAL —Y 3 RTHBM TRTOMR L BT 1 ZIERADISA ", BAXER X - E U VESGRALEH

RIIN—TE2EARR NAFIVIST7 1 —DRAEHRR >0 ,28218,(2023).

L EEER," T LML -3 REMILIGA " B7EISBNEFR T4 b=V X003y 7 8%, 1 1B 258, (2022) .

EiREE

. BREER," 7 LB —EEMNI 3R A YV OREKSERS Fv TOERET b E—F—C VYV IT\DGR ", L—Y—

FRNMZEBORRIEER , 8, 10 B 17 B, (2022).

MEZR, " BR/INVAL—Y— 37Tl EREGA " 29— —BEDFER, #LIR, 10 8 2 B, (2022).

FEZR," 3RTIA V7 AFHUK SERS Fv TERBW 7 b E—F—t VIV ", KIRRILAF#HES , Ak, 9 8 30 B, (2022).
MEZER, " L—F—Z2RAWASAMIEEA " £ 83 BLABEERNERMERR Y VRV VA RERCEETHHIXLE
A ZIRE~ 2022 EEBEA S REINOGRIVVRI T L] B (INAT)w K),9820H,(2022).

EER," 7 b E—S—DWERREICT B LI-SERS”, 2022 R JST FriifishiBAs , 454> ,6 B 7 8, (2022).

EEZER, " L—YININSORMENA ", 2021 EXEERMMRBGRNEESE LI F— #E,4 8 228, (2022).

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

1.
2.
3.

3rd Int. Workshop on Frontiers in Lasers and Applications (FLA-3), Nassau, The Bahamas, December (2022).
3rd Int. Conf. on Optics, Photonics, and Lasers (OPL-2022), Web conference, November (2022).
16th Int. Conf. on Laser Ablation (COLA'2021/2022), Matsue, Japan (Hybrid), April. (2022).
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(5) WHEITANEFHE - PEY IR (MEREL EDIGHFESE)  Topics

1.
2.
3.

A2 K : 2021 Outstanding Editor Award of Opto-Electronic Advances 2& .

Kawabata, S.: 16th International Conference on Laser Ablation (COLA2021/2022), Student Paper Award (On-demand Video) ¥ & .
Kawabata, S., Bai, S., Obata, K., Miyaji, G., and Sugioka, K., “Two-dimensional laser-induced periodic surface structures formed
on crystalline silicon by GHz burst mode femtosecond laser pulses”, Int. J. Extreme Manuf. 5, 015004 (2023). A* EurekAlert & ¥
Z 11— X ) —X (https//www.eurekalert.org/news-releases/977538, 2023 £ 1 A 24 H ). T & &+, Phys.org (https://phys.
org/news/2023-01-ghz-mode-femtosecond-laser-pulses.ntml, 2023 & 1 B 24 B ), ScienMag (https://scienmag.com/ghz-burst-
mode-femtosecond-laser-pulses-can-create-unique-two-dimensional-2d-periodic-surface-nanostructures/, 2023 £ 1 B 24 B ),
Bioengineer.org (https://bioengineer.org/ghz-burst-mode-femtosecond-laser-pulses-can-create-unique-two-dimensional-2d-
periodic-surface-nanostructures/ https://bioengineer.org/ghz-burst-mode-femtosecond-laser-pulses-can-create-unique-two-
dimensional-2d-periodic-surface-nanostructures/), Optics.org (https://optics.org/news/14/1/42,2023 & 1 B 31 B ), Azonnano
(https://www.azonano.com/news.aspx?newslD=40034,2023 F£ 2 B 1 B ) ITIBNECEH 5 .

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). EurekAlert & ¥) — 2 — X 1) 1) — X (https://www.
eurekalert.org/news-releases/970117,2022 &£ 11 B 2 H).

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 a microfluidic chip”, Opto-Electron. Adv. 5, 210121 (2022). H* EurekAlert K ) Z32—X 1) 1J—X
(https://www.eurekalert.org/news-releases/964327,2022 £ 9 A 12 B ). £ " % % |+, Phys.org (https://phys.org/news/2022-09-
liquid-interface-sers-earlier-alzheimer-disease.html, 2022 & 9 A 12 B ), TRENDRADARS (https://www.trendradars.com/channels/
article-1820538-liquid-interface-assisted-sers-could-see-earlier-detection-of-alzheimers-disease/, 2022 & 9 B 12 H ), Spectroscopy
(https://www.spectroscopyeurope.com/news/liquid-interface-assisted-sers-improves-enhancement-factor-biomolecules, 2022 £ 9
A 23 8) IcBNEEELER.

T INIVY SRR FEF— L Tera-Photonics Research Team

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

1.

Tamura, K., Tang, C, Ogiura, D., Suwa, K., Fukidome, H., Takida, Y., Minamide, H., Suemitsu, T., Otsuji, T., and Satou, A., “Fast and
sensitive terahertz detection with a current-driven epitaxial-graphene asymmetric dual-grating-gate field-effect transistor
structure”, APL Photonics. 7, 12, 126101 (2022).

Wang, Y., Hu, C, Yan, C, Chen, K,, Takida, Y., Minamide, H., Xu, D., and Yao, J., “Highly sensitive multi-stage terahertz parametric
upconversion detection based on a KTiOPO, crystal”, Opt. Lett., 47, 22 (2022).

Suzuki, D., Takida, Y., Kawano, Y., Minamide, H., Terasaki, N., “Carbon nanotube-based, serially connected terahertz sensor with
enhanced thermal and optical efficiencies”, Sci. Technol. Adv. Mater., 23, 1, 2090855 (2022).

Han, Z, Takida, Y., Ohno, S., and Minamide, H., “Terahertz Fresnel-zone-plate thin-film lens based on high-transmittance double-
layer metamaterial phase shifter”, Opt. Express, 30, 11, 18730-18742 (2022).

Tokizane, Y., Ohno, S., Takida, Y., Shikata, J., and Minamide, H., “Incident-angle-dependent extraordinary transmission of the terahertz
bull’s eye structure”, Physical Review Applied, 17, 5, 054020 (2022).

IR, AR, EREE, BTELR, N\ I T—F - TINIVYIBINT A N O RIROWE & JERIERERR ", L—Y—H
7% ,50,4,172-176, (2022).

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

1.

FHEE, L—Y—&ET7574 F 2R S EBROBRMORET 8", L——H3, 50, 6, 283, (2022).

(3) #31%:88 Invited Talks

1.

2.

Minamide, H., “Backward terahertz-wave parametric oscillation and its future advancement and prospectives”, International
Symposium on Ultrafast Intense Laser Science (ISUILS), Honolulu, USA, December (2022).
Minamide, H., “RIKEN advanced tera-photonics research”, The 40th SPP Physics Conference and Annual Meeting, Legazpi City,



Philippines, October (2022).

3. Minamide, H., “Intense multicycle Terahertz-wave generation for electron acceleration”, 11th International Workshop on Infrared
Microscopy and Spectroscopy with Accelerator Based Sources (WIRMS 2022), Hiroshima, Japan, October (2022).

4.  Minamide, H., “Mirrorless backward terahertz-wave parametric oscillator”, International Conference on Microwave & THz
Technologies, Wireless Communications and OptoElectronics 2022 (IRPhE’ 2022), Online, September (2022).

5. Minamide, H., “Advanced laser-driven terahertz-wave parametric source for nondestructive testing applications”, The IEEE Summer
Topicals Meeting Series, Cabo San Lucas, Mexico, July (2022). (Plenary)

6. Minamide, H., “Advanced Terahertz-wave source and applications based on nonlinear optics”, AES2022, Marrakech, Morocco and
Online (Hybrid), May (2022).

7. Ohno, S., “Phase control of THz-wave in multi-port waveguide structure coupled with bull's-eye antenna”, AES2022, Marrakech,
Morocco and Online (Hybrid), May (2022).

8. Minamide, H., “Thin-film-type advanced Terahertz-wave optics based on metamaterials(tentative)”, Metamaterials and Plasmonics
World Forum (PlasmoMat-2022), online, May (2022). (Keynote).

9. Minamide, H., “High-intesity 300-GHz Terahertz-wave generation based on nonlinear optical down-conversion”, International
Workshop on Breakdown Science and High Gradient Technology (HG2022), online, May (2022).

10. Han, Z, Ohno, S., and Minamide, H., “THz wave spectral phase singularity in transmission type double-layer metamaterial”, The 11th
Advanced Lasers and Photon Sources Conference (ALPS2022), ALPS22-02, Yokohama, Japan, April (2022).

1. FFRE, BEHT. BRI EBRGE. BMEE, " /N\v 77— FEGEAZEREBICE S T INIVY BERERERMTORE
K BEFE-LRRERY V/RY T L (OPTO2022) FRERAIAZE/IIT,6 B 29 H (2022).

12, BEES, "BHANY I T—F - FINVYIEINT A Ny THROMBREREIEMIEREISA ", TNV T/ OV =T+ —
SLE14ETINIVYEIRZAEZIF—, N7 Uy K, BR&,6 8 15 H (2022).

(4) &8, YVERIIL, £XF—ZEf# Meeting, Symposiums and Seminars
1. RIKEN-NICT-East Asia Receiver Joint Workshop, December 14, 2022.
2. CLEO-PR 2022, July 31- August 5, 2022.

(5) F¥EFiHFE .~ Patent Applications
1. WLABE, RIERS , e —BR , R 2R |, A, ELEE 7, 158 2022-036002, 2022 3 A9 H
2. WLAESE, RBINBY , feiiE—BR , R IBHEH T, " RERE 7, 158 2022-036204, 2022 FE3 A 9 H

(6) WEITANEFRHE PEY IR (MEREL EDIBHESE)  Topics

1. RAFEZ1—R,"ERTOERBRET INVYERHRFRIRIC/Z 7 HAER HFIEKEE " 2022F 12816 H.
2. BRIVORTYY "HREBIS 7V S VIRRICLDZERE BRET INIVYIEOBHICHS ", 2023 E1 8188

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

(1) FREFR (accept) Z23L  Original Papers

1. lkari, T., Sasaki, Y., and Otani, C., “275-305 GHz FM-CW radar 3D imaging for walk-through security body scanner”, Photonics,
submitted (2023).
KRBHT, Feng, C.H., /NIEE—, " TSNV iRZERAWCBRHAEMOIIRE BE ", DIEHZR, Bk (2023).
J. De Miguel, and Otani, C., “Axion-photon multimessenger astronomy with giant flares”, Phys. Rev. D. 106, L041302 (2022).
J. De Miguel, and Otani, C., “Superdense beaming of axion dark matter in the vicinity of the light cylinder of pulsars”, J. Cosmol.
Astropart. Phys. 8, 026 (2022).

5. J. De Miguel, C. Franceschet, S. Realini, and P. Fuerte-Rodriguez, “A metamaterial with applications in broad band antennas used in
radio astronomy and satellite communications”, J. Instrum. 17, 026 (2022).

6. FRRILGE, LGt , EBED, NIE—, FHEZ, " 73NV ARBRHIC K 2EREDEERL & MEEENDRE ", (2R,
122,319, ED2022-71, pp.1-4 (2022).
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Lz, ZERR, =, AT, BHER, " Be Q OERUBEEHIRSEICBET 2% ", EFHHR , 122, 240, SCE2022-11, pp.
11-14 (2022).

Feng, C. H., Otani, C.,, and Ogawa, Y., “Innovatively identifying naringin and hesperidin by using terahertz spectroscopy and
evaluating flavonoids extracts from waste orange peels by coupling with multivariate analysis”, Food Control. 137, 108897, pp.1-6
(2022).

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

1.
2.

[$855 1 ABH1T, MEE—, " BERRESBM I ILOEE B e GHz - THz ERGHRINAR *, BTMEEREL , HART (2023).
[H8550 1 KARHIT, REX , kR AFE , " BiRBIRS EREL — 4 —52BWeT IANIVYIEA X =DV 0", L—H =%, 50, pp.
468-472 (2022).

[BEIABHT,"F78 T2L0 - FWEREISH, B8 RE" 7NV EREZAROZFEERBE (BB ARKE),
pp.254-260 (2022).

[EEIAANIT,"F7E RERD - FWEREISH, B2H 7NV L—4F—EREROIGA ", 7NV Y IREERIRDEE
EBE (BHE © S NEE ), pp.261-271 (2022).

(3) $81%:88 Invited Talks

1.

REEE , (LBt , EBFED , NIE—, FREE ., " TNV HBRICK2EBEOEERL S MBERKENDRE ", BT IEHE
BER BT 7/\1 AMRR (ED) XA 7 OET INIVY HEFHIAMZESR (MWPTHz), (iET™ , 12 A 19 B (2022).

Ikari, T., Sasaki, Y., and Otani, C., “Development of Terahertz security body scanner using sub THz FMCW radar imaging”, 3rd
International Symposium on Frontiers of Terahertz Technology, Fukui, Japan and online, November 16-18 (2022).

KBHT , EAKRFE , " RAGEVEDZERZDH~T SNV ADOBH EFIARTRERE~ " FBHDFER D YIS NEREMERAS
%, 5ULAB™, 10 B 28 H (2022).

Otani, C,, Ikari, T., and Sasaki, Y., “Development of 300 GHz walk-through body scanner for security-gate applications”, 8th Advanced
Photonics and Processes in Optoelectronic Materials and Systems, APROPOS 18 (2022), Vilnius, Lithuania and online, October 5-7
(2022).

Otani, C,, lkari, T., and Sasaki, Y., “Development of 300 GHz Walk-through Body Scanner for Security Gate Applications using THz
Radar Technology”, 2022 55 83 Bl AYEFESMERMEES , (LA™, online, 9 B 20-23 H (2022).

RRRE , THz DRICE BRI —RBEKALAF IV X0 ", B 71 BeaFaimaEEEas, JLIg®, 9 B 5-7 H (2022).
[Keynote] Ikari, T., Sasaki, Y., and Otani, C., “Development of Terahertz walk-through body scanner using 300 GHz FMCW radar”, 47th
International Conference on Infrared, Millimeter and Terahertz Waves (IRMMW-THz) 2022, Delft, Netherland and online, August 28 -
September 2 (2022).

KRBT, Feng, CH., “ TINIVYBEOBEBHRFENDIGHAREEEBE ", SM4FE HADKFERPEZEILET O Y 7 @8HHX
EER, BT, 8 A 12 H(2022).

[Keynote] Otani, C,, and Feng, C.H., “Potential and prospects of terahertz technology for the food applications”, [EEE Photonics
Society 2022 Summer Topicals Meeting Series, Cabo San Lucas, Mexico and online, July 11-13 (2022).

. RAHIT  ERAARFE, BREX, 300 GHz T U+ —J AIV—RT 4 —RAF v F—DRR ", FR 182 FER F 49 BHRRS, BR,

Online, 5 A 13 B (2022).

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

1.

BH Y > iKY o L, "8th RIKEN-NICT Joint Workshop on Terahertz Technology & 23rd East Asia Submillimeter-Wave Receiver
Technology Workshop”, Wako and online, December 14-15 (2002).

Bt X 7 —, Associate Prof. Withawat Withayachumnankul (University of Adelaide), “Substrateless Integrated Platform towards
Terahertz Frontends”, Sendai and online, December 7 (2022).

International Symposium, “3rd International Symposium on Frontiers of Terahertz Technology (FTT 2022)", Fukui, Japan, November
16-18 (2022).

International Conference, “2022 47th International Conference on Infrared, Millimeter, and Terahertz Waves (IRMMW-THz 2022)",
Delft, Netherland, August 22 - September 2 (2022).

International Meeting, “DALI collaboration meeting”, Tenerife, Spain and online, June 27 (2022).

YIF—FE,"F 14 QT INIVYEIRAEZF— (THz-biz2022) ~T SN\IVYDBOEFEREEBE~ ", BH, online, 6 B 15



7.

H (2022).
BRaHRE, "~ JST-ACCEL 7045 L~ 300 GHz TSNV T+ —TJ RJV—RT 4 —RAF v F—OMHEEE ", BTEe All About
Photonics, 85,6 B 15-17 H (2022).

(5) #35FHFE  Patent Applications

1.

E5E, BHEH, MusN, BOS, K87, " BrERHRT. BEERBRFOREFE BLUZTORTRFEZECHE ",
¥¥RE 2022-129567,2022 £ 8 H 16 B .

REEE, EHEE, REASE , |LEEM, DNAEERERBS JUHE ", KR 2022-106286,2022 F6 A 30 8 .

LI EEAt , (REIRE , ABHIT, REEE , /NIE—, LORE , " MRESROBEERES LUMRESROBEREE ", 17FE 2022-
021133,2022F 28 15H.

(6) WEIANEFRHE - PEY 7R (MEREG EDISHETE)  Topics

1.
2.
3.

The MagPi.119, pp. 10-13, “GroundBIRD telescope”, July (2022).
SRS, &K, “GroundBIRD Li=EEmEIR ", 1 B (2022).
NHK S X2 " IRITRD Z R U5 A BNERE SP (AXAVEAHFT ) 7H#EM) 7,6 B (2022).

TFINIVYEFEZFHIF—L  Terahertz Quantum Device Research Team

(1) FREFR (accept) ZZ3L  Original Papers

1.

Wang, L, Lin, T., Wang, K., and Hirayama, H., “Optical gain reduction caused by nonrelevant subbands in narrow-period terahertz
quantum cascade laser designs”, scientific reports. 12 (2022).

Lin, T., Wang, L., Wang, K., Grange, T., Birne, T., Miyoshi, T., and Hirayama, H., “Increasing the output power of a heavily doped
terahertz quantum cascade laser by avoiding the subband misalignment”, Journal of Applied Physics. 132, 173101 (2022).

Wang, L, Lin, T, Wang, K., and Hirayama, H., “Nonrelevant quantum levels effecting on the current in 2-well terahertz quantum
cascade lasers”, scientific reports. 12 (2022).

Wang, L, Lin, T., Wang, K., and Hirayama, H., “Nonrelevant quantum levels limited laser dynamic in narrow-period terahertz quantum
cascade lasers”, Japanese Journal of Applied Physics. 61, 102003 (2022).

Shao, P, Li, S., Li, Z,, Zhou, H., Zhang, D., Tao, T, Yan, Y., Xie, Z, Wang, K., Chen, D., Liu, B., Zheng, Y., Zhnag, R, Lin, T., Wang, L., and
Hirayama, H., “Step-flow growth of Al droplet free AIN epilayers grown by plasma assisted molecular beam epitaxy”, Journal of
Physics D: Applied Physics. 55, 364002 (2022).

Lin, T., Wang, L., Wang, K., Grange, T., Birner, S., and Hirayama, H., “Over one watt output power terahertz quantum cascade lasers by
using high doping concentration and variable barrier-well height”, physica status solidi rrl. 15year of pss RRL, 2200033 (2022).

Wang, L., Lin, T., Wang, K., and Hirayama, H., “Limitation of parasitic absorption in designs of three-state terahertz quantum cascade
lasers with direct-phonon injection”, Applied Physics Express. 15, 052002 (2022).

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

1.

Wang, L., “High-lying confined subbands in terahertz quantum cascade lasers”, Terahertz, Ultrafast Lasers and Their Medical and
Industrial Applications (2022).

Wang, L., Lin, T,, Grange, T., Wang, K., and Hirayama, H., “Room-temperature optical gain in terahertz quantum cascade lasers based
on GaAs/AlGaAs, GaN/AlGaN, ZnO/ZnMgO”, IEEE Xplore, 22505134 (2022).

Maeda, N., Kashima, Y., Matsuura, E., lwaisako, Y., and Hirayama, H., “0.57% EQE and 4.2 mW Power of 232 nm AlGaN Far-DVC LED
with Modulation Mg doped p-interlayer and Polarization Doped Transparent p-Contact Layer”, IEEE Xplore, 22505179 (2022).

Lin, T., Wang, L, Wang, K., Grange, T., Birner, S., and Hirayama, H., “1.39- Watt Operation of THz Quantum Cascade Laser with Highly
Doped Depopulation Layers”, IEEE Xplore, 22505187 (2022).

Khan, M. A,, Maeda, N., Yun, J,, Jo, M., Hirayama, H., and Yamada, Y., “UVB LEDs: refining the design”, Compound Semiconductor, 28,
36-42 (2022).
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(3) #B1%:88 Invited Talks

1.

TILFER, T 7 A7 EMRE 230nmLED OREEE VA IVARELISA ", EiiikEs 210 BEFES TAIN KT AlGaN OfERRR
REFEN KED OFEifRl , =% ,1 8 13 H,(2023).

Hirayama, H., Wang, L., and Lin, T., “Recent progress of GaAs/AlGaAs THz-QCLs toward room temperature and high-power
operation”, The Third International Symposium on Frontiers in THz Technology (FTT2022), Japan, November (2022).

Wang, L., Lin, T,, Grange, T, and Hirayama, H., “Terahertz quantum cascade lasers based on different semiconductor quantum
structures”, 7th European congress on Advanced Nanotechnology and Nanomaterials (NANO 2022), Italy, November (2022).

Wang, L, Lin, T, Wang, K., Chen, M., and Hirayama, H., “High-temperature operating terahertz quantum cascade lasers”, International
Conference and Expo on Lasers, Optics & Photonics, Spain, November (2022).

TILERE, AMREEVAIVARELZBE L 2300m TaMELED DRE ", # 7027 X HEL—Y—ORERMT 7
2022, &9MRE 2 — DRENCRORFEIR] , B, 11 89 H,(2022).

Hirayama, H., “M-plane GaN terahertz quantum cascade lasers”, The International Workshop on Nitride Semiconductors (IWN 2022),
Germany, October (2022).

FILSE, OO FHRCHFEINSIREN LED DERERE ", F£ 177 B> F7v VHEREESR , on-line, 10 B 27 B, (2022).
TILFEE,  ARERE DA IVARE 230nmLED OFGRBE " B4 1RIEFMRI VRY T L,FR,10 A 21 B (2022).
TS, AREED A )V ARE Far-UVC LED OFITcGRE ", U1 IV AR ECHEIRE , #71)%, 9 A 28 B (2022).

. FILSEE, BIEER, EEE, MRE, 7, "AlGaN X far-UVC 357 /31 B KU GaAs % QCL DR ARSIl 7, 2022 FEFIER

BEFRVYAIITARE, 754 V5,9 A 6-9 H (2022).

. Hirayama, H., Jo, M., Maeda, N., Khan, M. A, and Kashima, Y., “Recent progress and future prospects of AlGaN Deep-UV LED”, RadTech

Asia 2022, Japan, August (2022).

. Hirayama, H., “Development of 230nm Far-UVC LED panel for application to human-safe virus inactivation”, 20th International

Conference Laser Optics (ICLO 2022), Russia, June (2022).

. [Plenary Talk] Hirayama, H., “Progress of deep-UV LEDs by increasing light-extraction efficiency”, The 5th International Workshop

on Ultraviolet Materials and Devices (IWUMD 2022), Korea, May (2022).

. Lin, T., Wang, L., Wang, K., Grange, T., Birner, S., and Hirayama, H., “Over 1 watt THz QCLs with high doping concentration and

variable Al composition in active structure”, CLEO Laser Science to Photonic Application, U.S.A., May (2022).

. EBIETTHE , "UVC-LED S3h=(LDIRIR & REFISAM 7, Optics & Photonics International Exhibition (OPIE’ 22) &MRISARMT I +—,

&, 4 B 20 H (2022).

. LSS, OO0 FHRICHFEI NS EEMNE ", Optics & Photonics International Exhibition (OPIE' 22) S&OMRISHEMi I +— , #&

4,4 820 H (2022).

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

1.

RIKEN-NICT-East Asia Receiver Joint Workshop, RIKEN Wako Campus, December 14-15 (2022).

(5) #35FHFE  Patent Applications

1.

TS, BEISTTH , AR E T BRFH, 5HE  REFRE, IRE—B, REAXH, fh8%, Kz, EfRE, " FEALED
2022-169829,2022 F£ 10 B 24 H .

FLFER, Yun Joosun, Lin Tsung-Tse, “ 8 F A A7 — R L—H—%KF ", JP2022/039093,2022 £ 10 B 20 H .

AIEER], FILFERE, Khan Muhammad Ajmal, $L8%§, K82, EFIRE " EAEXRTFHLIUZNEHA 2 ESMEE ", 2022-
121562,2022F 78298

EEE, FILFEH, EABNA AT — FBRUZTNERA S ESMERR ", JP2022/027508,2022 F£7 B 13 H .

FLFERE, Wang Li, " BBIL SR REF H R — RL—H—%KF ", 2022-106750,2022 €7 B 1 H..

Wang Li, FLLF5#, Lin Tsung-Tse, ' 8 F A X7 — FL—H—%KF ", PTC/JP2022/022136,2022 £ 5 B 31 H .

(6) BMEIANEFRIE FEY IR (MEREL EDHHFESE)  Topics

1.

[ HE ] CEATEC 2022, "13W A THz EFHAS—FL—H—%XIR", 2022F 1048 18-21H.



FEFHIEHE#BIFF — L~ Photonics Control Technology Team

(1) FREFR (accept) ZZ3L  Original Papers

1.

Nozawa, S., Saito, N., Kawahara, T., Wada, S., Tsuda, T. T., Maeda, S., Takahashi, T., Fujiwara, H., Narayanan, V. L., Kawabata, T., and
Johnsen, M. G., “A statistical study of convective and dynamic instabilities in the polar upper mesosphere above Tromsg”, Earth,
Planets and Space volume 75, Article number: 22 (2023).

Zhang, Y., Xue, Y., Ogawa, T., Wada, S., and Wang, J.Y., “3D Printed Alginate Hydrogels with Stiffness-Gradient Structure in a
Carbomer Supporting Bath by Controlled Ca** Diffusion ACS Appl. Eng. Mater. 2023, 1, 2, 802-812, (2023).

Battisti, M., Belov, A., Bertaina, M.E., Bisconti, F., Blin, S., Eser, J., Filippatos, G., Klimov, P., Manfrin, M., Mignone, M., Miyamoto, H.,
Parizot, E., Piotrowski, L.W., Prévot, G., Mormile, E. S., Sarazin, F., Szabelsk, J., Wiencke, L., on behalf of the JEM-EUSO Collaboration,
“EUSO-SPB2 Fluorescence Telescope trigger test within the EUSO@TurLab Project”, Nucl.Instrum.Meth.A 1045, 167611 (2023).

Mao, Z., Fukuma, Y., Tsukada, H., and Wada, S., “Risk prediction of chronic diseases with a two-stage semi-supervised clustering
method”, Preventive Medicine Reports, Volume 32, 102129 (2023).

Muneem, A., Yoshida, J., Ekawa, H., Hino, M., Hirota, K., Ichikawa, G., Kasagi, A., Kitaguchi, M., Kodaira, S., Mishima, K., Nabi, J.U.,
Nakagawa, M., Sakashita, M., Saito, N., Saito, T.and R., Wada, S., and Yasuda, N., “Study on the reusability of fluorescent nuclear track
detectors using optical bleaching”, Radiation Measurements, Volume 158, 106863 (2022).

Yumoto, M., Miyata, K., Kawata Y., and Wada, S., “Mid-infrared electronic wavelength tuning through intracavity difference-
frequency mixing in Cr:ZnSe laser”, Scientific Reports volume 12, Article number: 16576 (2022).

Jia, C,, Zhang, Y., Wang, Y., Gao, J., Raza, A.,, Ogawa, T., Wada, S., and Wang, J.Y., “Positively charged and neutral drug-loaded
liposomes as the aerosolized formulations for the efficacy assessment of tumor metastases to lungs”, Journal of Drug Delivery
Science and Technology 80(3):104081, (2022).

Tsuno, K., Wada, S., Ogawa, T., Saito, Norihito, Fukushima, Tadanori, Ebisuzaki, T., Nakamura, Y., and Sasoh, A., “Laser ablation
induced impulse study for removal of space debris mission using small satellite”, Applied Physics A volume 128, Article number: 932
(2022).

Matsuura, R, Lo, CW., Ogawa, T., Nakagawa, M., Takei, M., Matsumoto, Y., Wada, S., Aida, Y., “Comparison of the inactivation capacity
of various UV wavelengths on SARS-CoV-2", Biochemistry and biophysics reports, December 2022, 2022-12-00, 20221201, 20221107
(2022).

. Miyata, K., Yumoto, M., Kawata, Y., Imai, S., and Wada, S., “Parametric downconversion via vibronic transition”, Optics Letters Vol. 47,

Issue 14, pp. 3383-3386 (2022).

. Miyata, K., Kato, K., Wada, S., and Petrov, V., “Thermo-optic dispersion properties of CdSe for parametric nonlinear interactions”,

Optical Materials Express Vol. 12, Issue 3, pp. 963-969 (2022).

. Koike, K., Nare, M., Fukushima, M., Bae, H., HA, J. S., Fujii, K., WADA, S., “Effects of Ag Nanoparticle Coated Metal Electrodes on

Electrochemical CO, Reduction in Aqueous KHCO,", Electrochemistry 2022 Volume 90 Issue 3 Pages 037009 (2022).

. Yumoto, M., Miyata, K., Kawata, Y., and Wada, S., “Mid-infrared electronic wavelength tuning throught intracavity difference-

frequency mixing in Cr:ZnSe lasers”, Scientific Reports volume 12, Article number: 16576 (2022).

. Yumoto, M., Kawata, Y., and Wada, S., “Mid-infrared-scanning cavity ring-down CH,F, detection using electronically tuned Cr:ZnSe

laser”, Scientific Reports volume 12, Article number: 7879 (2022).

. Miyata, K., Yumoto, M., Kawata, Y., Imai, S., and Wada, S., “Parametric downconversion via vibronic transition” Optics Letters. 2022.

47.14.3383-3386Preprint, (2022).

. Miyamoto, H., Kawachi, N., Kurotani, A., Moriya, S., Suda, W., Suzuki, K., Matsuura, M., Tsuji, N., Nakaguma, T., Ishii, C., Tsuboi, A.,

Shindo, C,, Kato, T., Udagawa, M,, Satoh, T., Wada, S., Masuya, H., Miyamoto, H., Ohno, H., Kikuchi, J., “Computational estimation of
sediment symbiotic bacterial structures of seagrasses overgrowing downstream of onshore aquaculture”, Environmental Research,
Vol.219, 115130 (2023).

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

1.
2.

RS2 " FERREOHERM ", OPTRONICS, 2022, 7, N0.487, (2022).

NINER, ZHFREZ, @8R, ARE—, BT, PRKk#H, REL, " TWHSOFHERELE 7 7'V BRERI ", OPTRONICS,
2022,7,N0.487, (2022).

ARE, PSR, BLEE, ZESE, RFRE, BRE, )RSt , /NS, MBSz, " FERREOFHER ", OPTRONICS, 2022,
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7,N0.487, (2022).

MBSz, FHE, Xe —#, K2EX— BB EE8FE ," 7+ b2 vy & HRORELH LWOFEEL—F -0 ",
BEF,22/05, p.411-422, (2022).

FEME, LR, BFRE, MBS, DBEAKRIRINF -V R T LOBEEZOERRMOBRRE ", A<X— 7 U v ,2022,7,
p.9-13 (2022).

MBSz, /NIER, FEEA, " 77 UIAF ", Jan. 2022, vol.6, No.1, p33-36, (2022).

WNERES, FERA NTHh— RTS8, BEE 2, AREMERWN A > 75 SHRIOME - > T S5HRICEIT 55 1 4 —&KiliD
FIA “. FHAlEAT , 2022, 4, 657, vol.50, No.5, p1-5, (2022).

(3) $81%:88  Invited Talks

1.

S. Wada, “Inactivation of coronavirus (SARS-CoV-2) by deep ultraviolet irradiation”, OPTICS & PHOTONICS International Congress
2022, Online, April 2022. (keynote)

S. Wada, “Removal of Sparce debris with Laser Induced Ablation”, COLA 2021/2022 16th International Conference on Laser Ablation,
Matsue, Japan&online, April 2022. (invited)

SWada,"L—H—=77JL—>arvickad7 7 U EERDOAMBERIME ", 98th Japan Laser Processing Society Conference, Okayama,
Japan, January 2023. (Plenary)

M.Yumoto, Saito, N, and Wada, S, “Cr’+ #0434 1kt % B ez L —4'— 7, The 41st Annual Meeting of The Laser Society
of Japan, January 2021 (Invited)

HMAEz, " AEmEFMA LA — FEE ", OPTICS & PHOTONICS International Exhibition OPIE22 L —1'—ERE & ISBARM 7 2
+—, April 2022 (Invited)

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

1.

VAIIWARECHAISHE. " RRRER ", 7, 9H 28 H (2022)

(5) ¥5EFHFE ~ Patent Applications

O 0 N Ok W=

—_ .
- o

MBSz, FEEA , RWLHE , IRTES M, ATRREBERUAIRRY AT L",2022-006991,2022 F1 5 20 H .
AR, IBE, MBS, " DY AT LB IURHAE", 2022-08235,2022F1 B 21 B.

MBSz, /NIER, M, BARITHZ BRI X7 L407,2022-030993,2022 £3 8 1H.

MBSz, /NIER, M, BARITERZ B R X7 L7, 2022-030986, 2022 £3 B 1 H .

MBSz, /NIER, M, " FOREEB L DT DEIL ", 2022-03173,2022 F3 5 2H .

MBSz, #EUZE], SR  RAED , " BR R VR EROBER) R0 #ELEE ", )P2022-001308,2022F 15178 .
MAEZ ,NIER, i, " L —FIEREAS KU L — VB nshs 574 7, JP2022-005808, 2022 F2 A 158 .

JULES IR, FREA  EE ., SRR R OB R ", 2022-154072,2022 # 2 B 158 .

ASIERS , SEHEARR, RS, " L—FRIRSEE LU L —FHIRASE ", 2022-089698,2022 F£6 5 1 H .

. MESZ R, b, " &R X VFHEAE. R X VFHEY AT LRUERIGHRILEEE ", JP2022/021744,2022 F 5 A 27 H ..
. BHRA NER, RSz M, AY — FER AY — FEREEMEDESENUAY — FEREEM & DESHRDEIESE

US17/815149,2022 7 B 26 B ..

. MHEEZ M, " BENEETERE Y R 7 LRUZEABISYESS5 % 7, JP2022/033305,2022 9 A58 .

. MBEZ NIER, ITREER " RO AEES K UM 77% 7, P2022/030901,2022 £8 B 15 8 .

. EFRE, BHEE, IEER, MBS, BER/ANASIHE X7 L7, JP2022/045490,2022 F 12 B9 B .

. EHRE BEHRE /IVES, MBSz BRI X7 L7, JP2022/036033, 2022 F9H 27 8.

. MHEEZ  BEL , (EABE, BAER, SNET, " FTBRAON Y AT L. IBROAE ROTAT 5407, 2022-140194,2022

F9H2H.

. NSz E4BE, BEL, BAEE, ERTE, ST,  EREHE A EEBHETOI S LRUEREEHEY AT L,

JP2022/035838,2022 £ 9 A 27 B .

(6) BMEIANEFRIE FEY 7R (MEERIEG EDBHFESE)  Topics

1.
2.
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B WIS WebPage, [RERES). S5 E 2022, " ME=ZERETH AO-PARC Z TR . 2022%F7H281.
RIKEN NEWS, “ &%) TZO0RELGZEMD <Y 7, Winter 2022, No.480.



KRN FEFRFEF —L  Photonics Control Technology Team

(1) FREFR (accept) ZZ3L  Original Papers

1. Iwaguchi S, Nishizawa A, Chen Y, Kawasaki Y, Ishikawa T, Kitaguchi M, Yamagata Y, Wu B, Shimizu R, Umemura K, Tsuji K, Shimizu H,
Michimura Y, Kawamura S., “Displacement-noise-free interferometeric gravitational-wave detector using unidirectional neutrons
with four speeds”, Physics Letters A 458, 128581 (2023).

2. Aoki H, Yuki M, Shimizu M, Hongoh Y, Ohkuma M, Yamagata Y., “Agarose gel microcapsules enable easy-to-prepare, picolitre-scale,
single-cell genomics, yielding high-coverage genome sequences”, Sci. Rep. 12, 17014-17026 (2022).

(2) ®#&. YVKRIVL, £ZF—EM#  Meeting, Symposiums and Seminars
1. VCAD Y A7 LHER XFERFHRSE 11 (2022/03/08) 1) E— MRafE, 55 12 [8] (2022/12/15) Coredo BHAME (/N1 71w F)

(3) $¥EFiHFE .~ Patent Applications
1. BERR. UWFE THSAEFASMSLUHS ABMOMEAE]  1P2022-024346 (2022/06/17)

(4) FHEINFHIE . FEY IR (MERIELT EDBHEIE)  Topics
1. BMLEMIZERR SLRUU—X T1HBRY/ LR A7 0A 72l - BETERER. MEMDS / L DNA #if—1 2022 &
108 18H
2. BRIFFHM2022F108 1985 MY 1 MY/ LT BifG CERBIMER]
. ZaARAYF THENO 1 RS/ L. EROEREMERRE LCER] 2022F 108 24 8
4. TOYO Technical Magazine NEFEEINT - /\A A TENYT / LR ZBIT 2— 4 1 MB35/ LBITA TAGM™ &+ v b O
RITDOWTI20225E 12 A5

FiEFE— LR F—L  Neutron Beam Technology Team

(1) FREFR (accept) Z2E  Original Papers

1. Teshigawara, M, lkeda, Y., Yan, M., Muramatsu, K., Sutani, K., Fukuzumi, M., Noda, Y., Koizumi, S., Saruta, K., and Otake, Y., “New
Material Exploration to Enhance Neutron Intensity below Cold Neutrons: Nanosized Graphene Flower Aggregation”, Nanomaterials
2023.13(1), 76 (2023).

2. WatanabeA., Sekiguchi, K, Inoc, T., Inoue, M., Nakai, S., Otake, Y., Taketani, A., and Wakabayashi, Y., “Absolute He polarimetry for a
double-chambered cell using transmission of thermal neutrons”, Nucl. Instrum. Methods Phys. Res. A. 1043, 167486 (2022).

3. Kawamura, H., Takanashi, T., Ohe, A., and Nemoto, M., “Development of optical computed tomography system for polymer gel
dosimetry”, Phys. Med. 92.5239(22), 00516-6 (2022).

4. Takano, H., Wu, Y., Samoto, T., Taketani, A., Takanashi, T., Iwamoto, C., Otake, Y., and Momose, A., “Demonstration of Neutron Phase
Imaging Based on Talbot-Lau Interferometer at Compact Neutron Source RANS”, Quantum Beam Sci. 6(2), 22, (2022).

5. lkeda, S., Kobayashi, T, Otake, Y., Matsui, R., Okamura, M., and Hayashizaki, N., “Fabrication and RF test of the 500 MHz-RFQ linear
accelerator for a transportable neutron source RANS-III”, J. Neutron Res. 24, no. 3-4, pp. 249-259, (2022).

6. lkeda, V., Teshigawara, M., Yan, M., lwamoto, C., Fujita, K., Abe, Y., Wakabayashi, Y., Taketani, A., Takanashi, T., Harada, M.b.,
Hashiguchi, T,, Yamagata, Y., Matsuzaki, Y., Ma, Baolong., Takamura, M., Mizuta, M., Goto, M., lkeda, S., Kobayashi, T., and Otake, Y.,
“Experimental validation of cold neutron source performance with mesitylene moderator installed at RANS” , J. Neutron Res. 24, no.
3-4, pp. 373-383,(2022).

7. Taketani, A, Takanashi, T., lIwamoto, C., Kobayashi, T., and Takamura, M., “Sample-motion-synchronized neutron stroboscope at
RANS”, J. Neutron Res. 24, no. 3-4, pp. 421-426, (2022).

8. Sugihara, K., Ikeda, Y., Kobayashi, T., Fujita, K., Ikeda, S., Shigyo, N., and Otake, Y., “Radiation field characterization with emphasis on
the collimator configuration at the compact neutron source RANS-II facility”, J. Nucl. Sci. Tech. 60, Issue 2, pp.110-123 (2023).

9. Mori, T, Tong, K., Yamamoto, S., Chauhan, S., Kobayashi, T., Isaka, N., Auchterlonie, G., Wepf, R., Suzuki, A,, Ito, S., and Ye, F., “Active Pt-
Nanocoated Layer with Pt-O-Ce Bonds on a CeOx Nanowire Cathode Formed by Electron Beam Irradiation”, ACS Omega. 7, 29, pp.
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

25822-25836 (2022).

. Lee, S. Ran., Kim, A,, Choi, S., lkeda, T., Kobayashi, T., Isoshima, T., Cho, S., Kim, Y., “Amorphous to Polycrystalline Phase Transition in

La203 Films Grown on a Silicon Substrate Forming Si-Doped La203 Films”, PHYS STATUS SOLIDI A. 219, Issue 23, 2200318 (2022).

. Okuno, Y., Matsui, T., Kobayashi, T., Imaizumi, M., Jimba, Y., Hao, Y., Kondo, S., Kaneko, Y., and Kasada, R., “Hybrid Organic-Inorganic

Perovskite Semiconductor-Based High-Flux Neutron Detector with BN Converter”, ACS Appl. Electron. Mater. 4, 7, pp. 3411-3420
(2022).

. KT, KEELR,  PEFRZRVN IV U — OB ORERE/N R P FROMHE SHERFEENDOERRIR ", 3

7 )—bhIF, 6, No4, pp.346-350,(2022).

. FEEREE], #AOERE, KAER, LR7E,  RESEMEBLILLEINZ2IVORXr—Y V7R, 27— P ITEERSH

£, 44, No.1, pp.562-567 (2022).

. ARER], MBI, KHEER, KIMRE, " KDORBOFUFAA-—IVITRR LBV )N T 21— LOBELICEY 2ERIR

S OV oy — FIRERGBIE, 44, No.l, ppd06-411,(2022).

. ARER], NEIRER, KHAER, KMHE, " REFAA—I2JICEBAV 7 ) — bROKDZERRICET 5—FR ", BAMR

FR, VU — MEEMOMIE, R, 7 v 7L — FRXGRESE, 22, pp.119-122(2022).

. Suzuki, H., Uehara, M., Mizuta M., and Otake, Y., “Moisture Behavior in Concrete Repaired by Patching Observed with Neutron

Imaging, _206", Quarterly Report of RTRI. 63, No.3, pp.206-211 (2022).

. BRI, EAB05, BNEFE, KITRE, ‘R PEFIRZE BUORRABAILD 2 RipA A —I > J ORI ", BRRERR> >~

RITLEXERESE | 12, pp. 135-140 (2022).

ERBUS NPT RZE AU P EFREINS B DS SN 7, BRSKIBER®KRS 2 56, 27, pp.31-38 (2022).

Iwamoto, C., Takamura, M., Ueno, K., Kataoka, M., Kurihara, R., Xu, P.G., and Otake, Y., “Improvement of Neutron Diffraction at
Compact Acceleratordriven Neutron Source RANS Using Peak Profile Deconvolution and Delayed Neutron Reduction for Stress
Measurements”, ISIJ Int. 62, No. 5, pp. 1013-1022 (2022).

EBMERE, Yan Mingfei, BNIEA , BB ZER, KTHE, “ 327 U — FAE D OIFRIERED DR MFIEDET RANS- u DR
" RERI 27, (5), pp.16-22 (2022).

Ikeda, Y., Teshigawara, M., Yan, M. F., lIwamoto, C., Fujita, K., Abe, Y., Wakabayashi, Y., Taketani, A., Takanashi, T., Harada, M.,
Hashiguchi, T., Yamagata, Y., Matsuzaki, Y., Ma, M. B. L., Takamura, M., Mizuta, M., Goto, M., Ikeda, S., Kobayashi, T., and Otake, Y.,
“Experimental validation of cold neutron source performance with mesitylene moderator installed at RANS”, J. Neutron Res. 24, no.
3-4, pp. 373-383 (2022).

Yan, M., Ma, B., Hashiguchi, T., Taketani, A., Iwamoto, C., Wakabayashi, Y., Fujita, K., Takanashi, T., Takamura, M., Kobayashi, T., Ikeda,
S., Mizuta, M., lkeda, 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. 69, Issue: 2, pp.118 -
125 (2022).

Yan, M., Wakabayashi, Y., Takamura, M., lkeda, Y., and Otake, Y., “Optimization study of chlorine detection sensitivity in concrete
based on prompt gamma analysis using 252Cf neutron source”, Appl Radiat Isot. 188,110393 (2022).

Wakabayashi, Y., Yan, M., Takamura, M., Ooishi, R., Watase, H., Ikeda, Y. and Otake, Y., “Development of neutron salt-meter RANS- u
for non-destructive inspection of concrete structure at on-site use” J. Neutron Res. 24, no. 3-4, pp. 411-419 (2022).

Koshikawa, N., Omata, A., Masubuchi, M., Kataoka, J., Kadonaga, Y., Tokoi, K., Nakagawa, S., Imada, A., Toyoshima, A., Matsunaga, K.,
Kato, H., Wakabayashi, Y., Kobayashi, T., Takamiya, K., and Ueda, M., “

Activation imaging of drugs with hybrid Compton camera: A proof-of-concept study”, Nucl. Instrum. Methods Phys. Res. A.1045,
167599 (2022).

Koshikawa, N., Omata, A., Masubuchi, M., Okazaki, Y., Kataoka, J., Matsunaga, K., Kato, H., Toyoshima, A., Wakabayashi, Y., and
Kobayashi, T., “Activation imaging of drugs with hybrid Compton camera: A proof-of-concept study”, J. Appl. Phys. 121, 193701
(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.93, pp.013304-01-08  (2022).

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

1.

BEEEIE,  RFEFICE B0 ) — MBEYMDIERIEA X —2 Y T H L UTEESHEE ", Isotope News, (No.783) 2022 F 10 B=
p.11-15(2022).



AT, KEER, NP FROBRRE S MHISEBENOFRRIHE ", O 7 ) — FITF, Vol.60, No.4, p.346-350 (2022).
EBMFELE. Yan Ming fei, BRIEA. KPTRE. KGR, EEE, " 227 U — FAEDDOIEFEREDH DR EFESE
RANS- u DBA%E ", BTUIRERIT Vol.27, No.5, p.16-22 (2022).

BRNEA, 7LABREY S 1L— 3> ERBISH, " &4, Vol.63, No.2, p.14-20 (2022).

(3) #31%:88 Invited Talks

1.

11.
12.

Hatsuda, M., Taketani, A., Takanashi, T., Wakabayashi, Y., Otake, Y., Kawasaki, H., Shigenaga, A., Ichinose, A., Kamata, Y., Kimura, H.,
Koganei, Y., Komoriya, S., Sakai, M., Hamano, Y., Yoshida, M., Ikeda, K., and Yamakura, F.,“Effects of neutron radiation on food in deep
space environments”, AMACEE2022/ ATSA2022/ LEA2022/ACLIBS  Joint International Conference, Online, December(2022).
Takanashi, T., and Otake, Y., “Compact neutron systems RANS and novel mathematical algorithms to expand the possibilities of
neutron CT”, AMACEE2022/ATSA2022/LEA2022 Joint International Conference-WEB, Tokushima Japan, Online, December (2022).
Takanashi, T., “The Power of Mathematics in Biological Research (3D image by tomography)”, Riken-Unistra Networking seminar
[A potential interdisciplinary project between mathematics and immunology] IBMC-Salle des séminaires, Mercredi 2 (Strasboug
France), November (2022).

Otake, Y., “RIKEN Compact Neutron Systems and RANS Project and their capabilities.

-RANS Upgrade and Achievements for a Preventive Maintenance”,TWNSS annual meeting 2022, Taiwan,November (2022). Keynote
Otake, Y., “RIKEN Accelerator-driven compact neutron systems and RANS project

-Towards stress measurement and preventive maintenance of infrastructures-", International Conference on Neutron scarttering
2022,Buenos Aires, Argentine Republic, August(2022).

Otake, Y., “RIKEN Accelerator-Driven Compact Neutron Systems and their Capabilities for Material Science and Engineering”,
PHYSICS AND ITS APPLICATIONSS San Francisco, CA, Hybrid, July (2022).

Otake, Y., “RIKEN Accelerator-Driven Compact Neutron Systems, RANS Project and Their Capabilities -”,13th International Particle
Accelerator Conference IPAC22, Bankgkok, online, June (2022).  INVITED

Otake, Y., “RIKEN Accelerator-Driven Compact Neutron Systems and RANS Project-RANS Upgrade and Achievements for a Preventive
Maintenance”,4th Global Webinar on Materials Science and Engineering (GWMSE-2022), June (2022). Organizing Committee
Member and Plenary Speaker

Otake, Y., “RIKEN Accelerator-driven compact neutron systems and RANS project”, International Conference on Accelerators for
Research and Sustainable Development: From Good Practices Towards Socioeconomic Impact (AccConf’22), online+ Vienna,
Austria, May (2022). plenary overview talk

. Otake, Y., "RIKEN Accelerator-driven compact neutron systems, RANS project and their capabilities”, UCANS9 (9th Union for

Compact Accelerator-driven Neutron Sources), Wako(online), March (2022).

BHFH,NRRETFRICES (TA A=Y Y ", B 2EHEFEENBOMES , Zi, 1 B 11 B (2022).

KHE ) R G EeG/ NPT RESTICA > 7 ZIEMIBSHAIRMORRE SR ", BAFEFRER £ 22 BF%, 8,10
H 26 H (2022).

. RITREE ) BV TR A 7 L RANS TOIERIRETAI 5 CICEHDISIEHAN M TORFERROBN 7, BAZKMRBS

BFZRTA—F L T—X | RIAHROIEWIRFT RSN, 4> 51 2>,9 A 14 B (2022).

. RITGE ) BHNERME TR RANS 7OV 10 FORIEESBOER —SBREVCOIRBPETROEE— ", 5 46 EHEHXK

SHETBMRS , 751> ,98 7 8 (2022).

CBEFE F1- b7 —EERRORODA A=V T — INBREFIRRANS DA A—I YT = CT A A=D T DFzE

HBEUE 2", 58 3 IR EFERFAOMES (ZHRPHFRAMRS 5 4 FEE 1 B IMATERIA RS SEIME ), X, 7541
> ,4 A 21 8(2022).

L KTRE) Fa—bUT IV —EERRDOTDDA A= J — INEIHRETFIR RANS DA A—T>J— RANS 7OV 17 b D&EHTIK

M8 3 EREFEEFBOMER (RBEFEFH MR B 4 F£EE 1 B IMATERIA BES SR ) LK. 512>, 4
A 21 8 (2022).

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

1.

2.

B VRI DL, 2022 FE RANS YV RI T L TDOWNCIRE o e EFIRGHIA - PUEFOED DY - 1 VT FEFETOR
REYA TV AN -1 ", 70, 11 B 30 H (2022).
Work Shop, “6th Joint Workshop of RIKEN RAP and JCNS”, RIKEN, Wako, Saitama, Japan, (online),12 B 2 B (2022).
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International Symposium “9th Union for Compact Accelerator-Driven Neutron Source (UCANS9)”, RIKEN, Wako, Saitama, Japan,
(online),3 A 28-31 H (2022).

E55EEMtEIF— PEFY )X IXR - PEFEIFOER, KERELISA —HAROFEFHZEOEE—] FHES, %
BHR RIEKZE, M¥eH, N\ T Uy F,20230323

4. %5 54 BB = F— T 1) — X TIAEA activity] ,Danas Ridikas IAEA, F13¢T , /\ 7' v K ,20230130

5. %8 53 [CIEM = F— HEF 1) —X INeutron scattering in Sweden: A look into liquid flow] Max_Wolff, Professor in Uppsala
University, Sweden, #05¢/1, /\1 7' v F 202201107

6. B2 EEML IS — FEFY U —XBFAFIAICELS Ti5H) BROE LIeMBRESHE, E5EHA , 8%, EifRmiEE
A BEREFHAEHEEE PUETHRBRART £V 3>, BEBEMRI I —T JI—TJ—42— M¥dh, N\1TVv
,20220711

(5) F¥EFiHFE .~ Patent Applications

1.
2.

EXB0S " REMEHIC K BRPEF TRIVF—DRHEFE 7, 1508 2022-069011,2022 £4 5198 .
AERE BB, “ RFEMBIER 7, 58 2022-161968, 2022 FE10 B 6 B. (A F 21 RX—= 2 aVFPIA4T VA JAEA LEDT ST DH
J;?Eo)

(6) BMEIANEFRIE FEY 7R (MEERIEG EDBHFESE)  Topics

1.

TLRAY =X, BREAKXE , KRAF , BCEHER, REXT  BLAT , BEERiREMEE FREE, BISESL, MBS, Bk
18—BF, IKETF  IVEDE  EMRE, BEE—, LHESE " RLGTRODHERRILT 5 Bt A—I 271 ICRTh—Th
ETHLD S EYBEORRILGE. B - BER\DICHICHRF—",2022F 11 B 9H

TLRV =R BRB05. BNEA. KMTHE, " NEREFRTHEMAEOBHORAEN TR — RIS TORITAERRNA
Ve — ", 2022 £ 5 B 17 B

Rt B8 FIEF— L  Advanced Manufacturing Support Team

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

1.

Kobayashi T, Ohnishi T, Osawa T, Pratt A, Tear S, Shimoda S, Baba H, Laitinen M, Sajavaara T. “In - Operando Lithium - lon
Transport Tracking in an All - Solid - State Battery”, Small 18, €2204455 (2022).



Press Releases

TLVAYY—A

2022/4/26 EMAFEMIBAZEF — L / Biotechnological Optics Research Team
BREGWVENR2VINVE
— MG Y )V ADEENERR Z PIEElC T SR —

A highly photostable and bright green fluorescent protein

Masahiko Hirano, Ryoko Ando, Satoshi Shimozono, Mayu Sugiyama, Noriyo Takeda, Hiroshi Kurokawa, Ryusaku Deguchi, Kazuki Endo,
Kei Haga, Reiko Takai-Todaka, Shunsuke Inaura, Yuta Matsumura, Hiroshi Hama, Yasushi Okada, Takahiro Fujiwara, Takuya Morimoto,
Kazuhiko Katayama, Atsushi Miyawaki, “A highly photostable and bright green fluorescent protein”, Nature Biotechnology, 10.1038/
s41587-022-01278-2

2022/5/6 HRBIBIRR A A — >~ JHZEF — L / Live Cell Super-Resolution Imaging Research Team
22N EOEREXDLEEE

—¥EEE (GPI 7> A—) OUETU >V JIcL 25—

Quality-controlled ceramide-based GPl-anchored protein sorting into selective ER exit sites

Sofia Rodriguez-Gallardo, Susana Sabido-Bozo, Atsuko lkeda, Misako Araki, Kouta Okazaki, Miyako Nakano, Auxiliadora Aguilera-Romero,
Alejandro Cortes-Gomez, Sergio Lopez, Miho Waga, Akihiko Nakano, Kazuo Kurokawa, Manuel Mufiz, and Kouichi Funato, “Quality-
controlled ceramide-based GPIl-anchored protein sorting into selective ER exit sites”, Cell Reports, DOI: org/10.1016/j.celrep.2022.110768

2022/5/17 T E— LEMBFF — L / Neutron Beam Technology Team

(NIRRT AIER DS F I DRIE DA ETREIC

— RIS TORITRAERIR NS F Rl —

Improvement of Neutron Diffraction at Compact Accelerator-driven Neutron Source RANS Using Peak Profile
Deconvolution and Delayed Neutron Reduction for Stress Measurements

Chihiro IWNAMOTO, Masato TAKAMURA, Kota UENO, Minami KATAOKA, Ryo KURIHARA, Pingguang XU and Yoshie OTAKE, “Improvement
of Neutron Diffraction at Compact Accelerator-driven Neutron Source RANS Using Peak Profile Deconvolution and Delayed Neutron
Reduction for Stress Measurements”, ISIJ International, 10.2355/isijinternational.ISJINT-2021-420

2022/5/20 EFA I bOZ Y AP F — L / Quantum Optoelectronics Research Team

BRI A—R Y/ Fa—TJIEFRMBEEA .

—BERRSETHROBEREINATFE— =
]

Formation of Organic Color Centers in Air-Suspended Carbon Nanotubes Using Vapor-Phase Reaction BEy

Daichi Kozawa, Xiaojian Wu, Akihiro Ishii, Jacob Fortner, Keigo Otsuka, Rong Xiang, Taiki Inoue, Shigeo Maruyama, YuHuang Wang,
Yuichiro K. Kato, “Formation of Organic Color Centers in Air-Suspended Carbon Nanotubes Using Vapor-Phase Reaction”, Nature
Communications, 10.1038/s41467-022-30508-z

2022/6/14 T INVY EFEFHZEF — L / Terahertz Quantum Device Research Team
TINIVY L—H —DE R FEIRZ EmRAT

—BRRERNRE L TEAICHRE— Rl
Limitation of parasitic absorption in designs of three-state terahertz quantum cascade lasers with direct- '
phonon injection

Li Wang, Tsung-Tse Lin, Thomas Grange, Ke Wang, and Hideki Hirayama, “Limitation of parasitic absorption in designs of three-state
terahertz quantum cascade lasers with direct-phonon injection”, Applied Physics Express, 10.35848/1882-0786/ac4e26

2022/6/22 FINIVWYEFEFHZTF — L / Terahertz Quantum Device Research Team

1I3WEsHATHz EF AR T — FL——%%R3]

—BREERNRE L CEALICERE— - |
Over 1 Watt output power terahertz quantum cascade lasers by using high doping concentration and

variable barrier-well height

Tsung-Tse Lin, Li Wang, Ke Wang, Thomas Grange, Stefan Birner, and Hideki Hirayama, “Over 1 Watt output power terahertz quantum
cascade lasers by using high doping concentration and variable barrier-well height”, Physica Status Solidi Rapid Research Letters,
10.1002/pssr.202200033
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2022/6/24 ERIEHRANIEF — L / Image Processing Research Team

FERERTHRHERED BENZIT Al DHEEIRIFRICRTH
A comprehensible machine learning tool to differentially diagnose idiopathic pulmonary fibrosis from other
chronic interstitial lung diseases

Taiki Furukawa, Shintaro Oyama, Hideo Yokota, Yasuhiro Kondoh, Kensuke Kataoka, Takeshi Johkoh, Junya Fukuoka, Naozumi
Hashimoto, Koji Sakamoto, Yoshimune Shiratori, Yoshinori Hasegawa,” A comprehensible machine learning tool to differentially
diagnose idiopathic

pulmonary fibrosis from other chronic interstitial lung diseases”, Respirology, DOI : 10.1111/resp.14310

2022/9/9 S L —HY — T3 F — L / Advanced Laser Processing Research Team

T/ LRETEXAE I R LY OIERITHTN

—EXENAICEVT B RINERD R EICHARF —

CRISPR/Cas9-mediated generation of non-motile mutants to improve the harvesting efficiency of mass-
cultivated Euglena gracilis

Marumi Ishikawa, Toshihisa Nomura, Shun Tamaki, Kazunari Ozasa, Tomoko Suzuki, Kiminori Toyooka, Kikue Hirota, Koji Yamada, Kengo
Suzuki, and Keiichi Mochida, “CRISPR/Cas9-mediated generation of non-motile mutants to improve the harvesting efficiency of mass-
cultivated Euglena gracilis”, Plant Biotechnology Journal, 10.1111/pbi.13904

2022/10/18 YR TFBIRF — L / Ultrahigh Precision Optics Technology Team

1 ¥R/ LR A 2 0A TV

— DT/ L DNA @i fSED DEfEElIC—

Agarose gel microcapsules enable easy-to-prepare, picolitre-scale, single-cell genomics, yielding high-
coverage genome sequences

Hiroyoshi Aoki, Masahiro Yuki, Michiru Shimizu, Yuichi Hongoh, Moriya Ohkuma, and Yutaka Yamagata, “Agarose gel microcapsules
enable easy-to-prepare, picolitre-scale, single-cell genomics, yielding high-coverage genome sequences”, Scientific Reports, 10.21203/
rs.3.rs-147972/v2

2022/10/25 HEFHIEFRAMFIFF — L / Photonics Control Technology Team

LEMREBMRD) FIOLAF Y DEEZRA DI LI
— 2EREOA IR Z IE—

In-Operando Lithium-lon Transport Tracking in an All-Solid-State Battery

Takane Kobayashi, Tsuyoshi Ohnishi, Takahito Osawa, Andrew Pratt, Steve Tear, Susumu Shimoda, Hidetada Baba, Mikko Laitinen, Timo
Sajavaara, “In-Operando Lithium-lon Transport Tracking in an All-Solid-State Battery”, Small, 10.1002/smll.202204455

2022/11/9 T & — LEHTBIREF — L / Neutron Beam Technology Team

KRR IGTTRODZERET 5 THREHMEA A =2 > T 1 [THIh
—INFETHE LD o EMEREDRIRLEE. 28T - JBENDGRICHRF—
Activation imaging of drugs with hybrid Compton camera: A proof-of-concept study.

N. Koshikawa, A. Omata, M. Masubuchi, Y. Okazaki, J. Kataoka, K. Matsunaga, H. Kato, A. Toyoshima, Y. Wakabayashi, and T. Kobayashi,
“Activation imaging of drugs with hybrid Compton camera: A proof-of-concept study”, Applied Physics Letters, DOI : 10.1063/5.0116570

2022/11/22 EFA 7 I LY bOZ Y AR F — L / Quantum Optoelectronics Research Team

A—R> T/ F1—T OEFRNEAORESIE - Shaeciitiz a3

—INAF A A =D TR PR ORI N HRfF —

ortho-Substituted Aryldiazonium Design for the Defect Configuration-Controlled Photoluminescent
Functionalization of Chiral Single-Walled Carbon Nanotubes

Boda Yu, Sadahito Naka, Haruka Aoki, Koichiro Kato, Daiki Yamashita, Shun Fujii, Yuichiro K. Kato, Tsuyohiko Fujigaya, Tomohiro Shiraki,
“ortho-Substituted Aryldiazonium Design for the Defect Configuration-Controlled Photoluminescent Functionalization of Chiral Single-
Walled Carbon Nanotubes”, ACS Nano, DOI : 10.1021/acsnano.2c09897




2022/12/15 TNV IEERZEF — L / Tera-Photonics Research Team

FREBI 7TV IV IRARICEDER - BRET INIVYIEOREICHKIN

— R 6G & 7G BERBEHBEEDRIRICEHD L —

Fast and Sensitive Terahertz Detection with an Epitaxial Graphene Asymmetric Dual-Grating-Gate Field-
Effect Transistor Structure

K. Tamura, C. Tang, D. Ogiura, K. Suwa, H. Fukidome, Y. Takida, H. Minamide, T., Suemitsu, T. Otsuji1 and A. Satou, “Fast and Sensitive
Terahertz Detection with an Epitaxial Graphene Asymmetric Dual-Grating-Gate Field-Effect Transistor Structure”, APL Photonics, vol. 7,
pp. 126101-1-126101-10 (2022).  DOI: 10.1063/5.0122305

2023/1/11 EFASMILY FOZ Y AWAZEF — L / Quantum Optoelectronics Research Team

4
g iy

Lk

R DEEEEOEDE L ORI % it
—REDHPEMET 17 ORREERN\DISENEIFT—
Versatile tuning of Kerr soliton microcombs in crystalline microresonators

Shun Fujii, Koshiro Wada, Ryo Sugano, Hajime Kumazaki, Soma Kogure, Yuichiro K. Kato, and
Takasumi Tanabe, “Versatile tuning of Kerr soliton microcombs in crystalline microresonators”, Communications Physics, Vol.6 , No.1
(2023)

2023/1/30 Soim L — 1 —INITHIZEF — L. / Advanced Laser Processing Research Team

A—J LT DRIEDOHET ELBRERE
— WHREDNEREE L BRARICET 2 EMR —
Zeaxanthin is required for eyespot formation and phototaxis in Euglena gracilis

Shun Tamaki, Kazunari Ozasa, Toshihisa Nomura, Marumi Ishikawa, Koji Yamada, Kengo Suzuki, Keiichi Mochida, “Zeaxanthin is required
for eyespot formation and phototaxis in Euglena gracilis”, Plant Physiology, 10.1093/plphys/kiad001
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July 20, 2022

TR BB R A AOI-PARC 7% Z #£2

Crown Prince Akishino visits AOI-PARC

2022 £ 7 A 20 B, MESE/ERTHERME SR 2T O EE R EI
EFEEEMEER Y 2— (AOI-PARC) #THREEINE LT
AOI-PARC &, BHENNDHAFEEBOEESENEVDOFEMAYLT 1
TTHEEHEBESRY. HEAIL. BEOEEUEFRICRVBELG 1/ N~
TavilaTh Y. BLEHERR B SEFIFEMELVZ2—%
EHl S CHIZEERICERYBATHWEYT, TOEDTHETIX, 9.
INREREBEN AOI-PARC ICBIT 2 BRFOMERREBNLE LT
ZD%. Bty 2 —HEFHEEMBERF - LOMNBEZF—L—
A—DENT MBI X T L] EBETCEWNCREGHS.
ERADFHEL I THNE LT,

On July 20, His Imperial Highness Crown Prince Akishino visited AOI-
PARC in Shizuoka.

The Agri Open Innovation Practical and Applied Research Center
(AOI-PARC) is an innovation center where research institutes
and companies from Shizuoka and other prefectures bring their
technological capabilities and ideas to work together to create
innovations in agricultural productivity. The RIKEN Center for
Advanced Photonics (RAP) contributes to AOI-PARC by developing
practical applications. During the visit, RIKEN Executive Director
Shigeo Koyasu first introduced the latest research results from AOI-

PARC, and following that, Team Leader Satoshi Wada of the Photonics Control Technology Team at RAP showed the
visitors the “Next Generation Cultivation System” and explained the details of his group’s research.

August 6, 2022

BYEZAWIZE Tl B X B T I NIV WIE R AL 5 1)

“Discover Terahertz Electromagnetic Waves!”

BIEEMEFAUUEMX TEEL TWS T IV AHEE—H
ICRBET BT ET. RSBEICHEDODABYPERHFICDODVWT—E TG ELA T | e
DEMRERL. —RAEZE C TUETREORZERIMADIER
SEFFED
A+ DA AREFIEEEZERB L. VA VICKBFMESEED
feo V54V ETAREY—IV (Zoom) EFERL 75U
YHREMAD | | HT—XIC. TINVYHDFHBY, FF—
LOBN. TABREGRNAEEEAD | ) EBLEAYZA VT
DIEHZERIToTc, LA S5 ADBMELH Y. BREIEHRIL

BEICFET S LZ2BERVENELTWVS,

=
L

E

7 AL PR L NLL SE Firi S hE T
Tl N PR T PR T TAT L N #

HTKRERY Ehofc, BMEBEBDERICKADITOTCWAHRZFIAITELC TV T EDTES,

The purpose of the open-house event is to promote understanding of science and technology among Sendai citizens
by opening the terahertz-wave research at RIKEN Sendai and to encourage visitors to further their understanding of the
content and significance of the research. The event of this year was held online using the online video conferencing
tool (Zoom) in order to prevent the infection of the new coronavirus. The event was themed “Discover Terahertz
Electromagnetic Waves!” including what's terahertz, team activities, and an online craft class entitled “Let’s Make a
Mysterious Polarized Light Box!". The event was attended by 55 participants who made questions and discussions. We
succeeded in making the participants feel familiar with our research.



December 14-15, 2022

RIKEN-NICT-East Asia Receiver Joint Workshop in FY2022
RIKEN-NICT-East Asia Receiver Joint Workshop in FY2022

202 FE BHH— N —R7IVT7RERERT -T2 3 v TH,
2022 £ 12 B 14~ 15 BICEMSBABARR—ILEAF V12D
NAT)y RARITT, BWREEFIEMRLYZ—, BRERE
HRZEREE (NICT), BXUR7 VY 7REHIZI 1271 OHETH
fEENnE L1

SEDEET—7 Y3 v 7iE, 2018 FLERB K ZH 5 F50 (Tt
HEZolchEsLY, 5H118RDBME (R, \/M57%, 4
A4 61%) BMEFVELT.

5 RDBEFHFFHRE CEFHARE - FEICKZEKRZROIC, TN
IVYERE KU S )RR L OERGERIMThNE L,

The FY2022 RIKEN-NICT-East Asia Receiver Joint Workshop was held on December 14-15, 2022 as Hybrid meeting (Suzuki
Umetaro Hall, RIKEN Wako Campus & Online).

This joint workshop including face-to-face meetings was held for the first time in about five years since 2018, and a total
number of participants were 118, including 57 on-site and 61 online.

Presentations were made by five invited speakers and young researchers and students of RAP, NICT and East asia Receiver
community, and active discussions including poster sessions were held.

December 20-21, 2022

RAP U VRI T L L8 10 [0 DER T T 24058 ) — R A b aa OB LR —

The 10th RAP symposium : “Optical Quantum Engineering Research - A New Photonics Science for the Post-Corona Era

B VRI DL CE10E EEFITEME] — KA IO FER
DFF LOHRIEF —

ME - MEAEEBOHNHEZETFIR. KRAKZOXHREHE. B
TUBEAFDOERRERAR. REARFOFHEELRR. EHRFRHRMEE
BOESNEEEMRE, BRBFARFEHRE LY Z2—DERGTH
F— L) —Z— LK BBEFHREDIED. RAP X /N\—(T KB OEEHREK
18, BXU R HFDORALZ—RERHITONc, 3EXYDHETD
FET. 72510 0BMEED 190 BOBMEIC L BTEHRGERDIE
WIKFon&E Lt

The 10th RAP Symposium entitled “The New Optical Science in Post-
Corona Era” was held on-site and virtually on December 20-21, 2022.
The symposium consisted of six invited talks by Dr. Masahiko Demura,
National Institute for Materials Science (NIMS), Prof. Takeharu Nagai,
Osaka University, Prof. Kaoru Minoshima, The University of Electro-
Communications (UEC), Prof. Susumu Noda, Kyoto University, Dr.
Rikiya Watanabe, CPR, RIKEN, Dr. Yoshiki Kohmura, RIKEN SPring-8
Center, and 18 oral presentations and 42 poster presentations
were given by RAP members. It was highly successful with 190
participants.
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February 8-9, 2023

3 6 [n] RIKEN-RAP and QST-KPSI Joint Seminar
6th RIKEN-RAP and QST-KPSI Joint Seminar

2023 % 2 B 8-9 Hic. & 6 [ RIKEN-RAP and QST-KPSI Joint Seminarl HEERIYEF T HEMZE > 42 — L EFRIPH
PRICRERMENE - BTN EMARFROEET/\M T v FRESNE LTz

RAP - EMfEAFEM L W E 3B, FT6 BDAVN—ICKBERNMTON, EBEESGHN 40 L TCERICEE EFREERD
BYLFONE Lfc, XE 2024 F£iE. BAINEFIFEME LV Z2—HFBELAEY. A1 P THEFETY.

The 6th RIKEN-RAP and KPSI Joint Seminar was held hybrid style organized with QST-KPSI on February 8-9, 2023. The
seminar consisted of 6 presentations each 3 presentations by RAP and QST-KPSI members.

The active discussion and Q&A were performed with approximately 40 participations including panelists. Next time, in
2024, will be an in-person event, hosted by RIKEN-RAP.

% 6th AR
RIKEN-RAP and QST-KPSI
Joint Seminar

Date: February 8(Wed.)-9(Thu.), 2023
Place: K& ZA119 KPSI, QST (Hybrid: Microsoft Teams)
[Wed. 8 Feb.]
13:00-13:05 Opening Remarks Al &k (QST-KPSI)
13:05-13:40 [J5AYI5-32FAlC&BI-KAREN-PL—H—DEERII> M52 ME
S 58 (QST-KPSI Bl —F—RIFHFEIIL—T)
13:40-14:15 [High energy, ultrashort CEP-stable IR driving source towards GW
isolated attosecond pulses in the water window]
Lu XU (RIKEN-RAP BERIC—L > NRXERA FFAFTF — L)
— Break (20 min.) —
14:35-15:10 [PW#RI-KARENL —H—EKFRISRY—EOEB/FRICE 34 E B3 T hLE |
18 #{= (QST-KPSI 5Eiifil —H—#iliRaFE I —7)
15:10-15:45 [PHEFHFOLHOBIEEEINT
#E Rt (RIKEN-RAP eI FHRF L)
— Break (20 min.) —
16:05-16:40 MXKRAACFRIGOXRIBIEIRINS L3R |
LIl B (RIKEN-RAP 7 MORVEFRZTF — 1)
16:40-17:15 110 kHz H710 fsAI#RA) UL ZNROBIFEE ED R TEBF D HADIGA |
PP J#88 (QST-KPSI IBEEAANIERR I —T)
17:15-17:20 Closing Remarks  #/Il 583 (RIKEN-RAP)

[Thu. 9 Feb.]
9:30-11:50 Laboratory tour & Free discussion @QST-KPSI (Kizu)

ShER : 2/1 FTIC kizu-symposium@qst.go.jp AK#. Fill. Bt or WebS& T EM<EEN

) B L

Elb#iﬁ?‘ﬂ?ﬁ %s?Iq-ﬁﬁ??.tzg (RIKEN-RAP)
EFRIFRINHARRATEERE BEXHIFMRAR (QST-KPSI)




April 2022 to February 2023

RAP Seminar, from 76th to 80th

April 15,2022

June 17,2022

September 16, 2022

October 21, 2022

February 17,2023

Prof. Mikio KURITA

(Division of Physics and Astronomy Graduate School of Science Kyoto University)

“Technology of Seimei Telescope and Revealing 3-D Structure of Orion Nebula”
VBV EEREORITEA U AV EBED 3 RTiEE

Prof. Riichiro HIRA
(Graduate School of Medical and Dental Sciences Tokyo Medical and Dental University)

“Visualization of neuronal activity by multiphoton excitation microscopy and its Limitations”
S FRNEEERMERIC K 2B ERORRIL & T DRR

Prof. Yoshikazu OHARA

(Graduate School of Engineering Tohoku University)

“Recent progress on ultrasonic phased array imaging method for accurate measurement of cracks”

EREEERETRADRHDBERT T —X F7 LA BFKEDHER

Prof. Daisuke KOGA

(Department of Microscopic Anatomy and Cell Biology Asahikawa Medical University)

“Scanning electron microscopy for 3D morphological analysis of organelles”
EEBTFEMEE - VAR S0 3D EEmTERIELT -

Prof. Kazuto SAIKI

(Department of Earth and Space Science Graduate School of Science Osaka University)

“Exploration of Lunar Water Ice Resources by Near-Infrared Spectroscopy”
ERADIHIC & B B DANKEFRE

r *y .
) : ]
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Online : Zoom

Date:  October 21(Fri) 16:00 - 17:00, 2022
On-site: W319,

Tite: Scanning electron microscopy for 3D by Near-Infrared Spectroscopy
morphological analysis of organelles A SAOAKREIRE
BT 170N Speaker Prof. Kazuto SAIKI
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Dej of Mi
e Atk Modicas veray % el
8 A
FE AN Pregsraon KA KPR TROSRTTR AR
NEHAY (K1 WO SNBSS M 2.2

- Hybrid Format - - Hybrid Format -

pate:  February 17(Fri), 16:00 - 17:00, 2023

On-site: W319, 3F, Cooperation Center, Wako Campus, RIKEN
3F, Cooperation Center, Wako Campus, RIKEN Online :  Zoom

Tite: Exploration of Lunar Water Ice Resources|
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April 29,2022

Student Paper Award (16th International Conference on Laser Ablation(COLA2021/2022)) /IS AKWFZE/ S— b Z A< —1I,
Gl L—H"— I T F— L)

Student Paper Award (16th International Conference on Laser Ablation(COLA2021/2022)) / Shota Kawabata, Research
Part-time Worker Il (Advanced Laser Processing Research Team)

May 23, 2022
2022 4% CGE1910) HARYIARE  AINE (IREEIEAN BARMEY Y2 HIFIHEF — LY — X — CEfilEfRs1 X —
DY TWRT— 1)

19th BSJ Academic Prize (The Botanical Society of Japan) /* Akihiko Nakano, Team Leader (Live Cell Super-Resolution
Imaging Research Team)

June 29, 2022

The 16th Osaka University Kondo Prize Technological Contribution Award (KBAKS: L —9—17efn) /5 HZR I T — Ly
V—&—, M CEARA, BEEBRR, BTEEEEWRA (57 IV T — L)
The 16th Osaka University Kondo Prize Technological Contribution Award (Institute of laser Engineering, Osaka

University) /" Hiroaki Minamide, Team Leader, Kouji Nawata, Visiting Scientist, Yuma Takida, Research Scientist, Takashi
Notake, Visting Scientist (Tera-Photonics Research Team)

July 13,2022

2021 Outstanding Editor Award of Opto-Electronic Advances (IOP Publishing) /#2[i5ERF— L) — X' — (et L—4—hn
CifgEF— L)

2021 Outstanding Editor Award of Opto-Electronic Advances (IOP Publishing) ./ Koji Sugioka, Team Leader (Advanced
Laser Processing Research Team)

September 1, 2022

Kenneth J. Button & (Infrared, Millimeter, and Terahertz Society) /HEIAE R B FEVITEE (77 ~NIVY HEEITIET— 1)

Kenneth J. Button Prize (Infrared, Millimeter, and Terahertz Society) ,/ Hiromasa Ito, Senior Visiting Scientist (Tera-
Photonics Research Team)

September 19, 2022

H15E FRAARIENE (7R S BRAR I AT — LY — 2 —
15th Young Scientist Awards of the Japan Society for Molecular Science (Japan Society for Molecular Science) ./ Yuya
Morimoto, RIKEN Hakubi Team Leader (Ultrashort Electron Beam Science RIKEN Hakubi Research Team)

September 21, 2022

2022 4FFE L - FACGRAFH EHRERE (WIEHEEARARE 2R/ EEHEEAERE ) Y —F - 7Y v T
A FHIHELE (T~ Y A A=V 2 ThIRF— L)

The excellent presentation award for students at JSBBA Hokkaido/Tohoku Branch Joint Conference (The Japan Society for

Bioscience, Biotechnology, and Agrochemistry) ./ Yuya Ueno, Junior Research Associate and Student Trainee (Terahertz
Sensing and Imaging Research Team)




September 30, 2022

2022 FEARYE (REEEEAABME) FIRFHBT— L) —X— WEMTY D=7 2 TR TF— L)
2022 Honda Prize (HONDA FOUNDATION) / Hidetoshi Katori, Team Leader (Space-Time Engineering Research Team)

October 15, 2022

ROOB2022 #EF5E (The 6th Workshop of Robotics Ongoing Breakthroughs (ROOB2022) Hf7&E%) / ASEHE Wi7E/ \— |k
2 A — M AHES (EHGNHULERRSE T-— L)

ROOB2022 Most Excellent Award (The 6th Workshop of Robotics Ongoing Breakthroughs Executive Committee)
Miku Fukatsu, Student Trainee and Research Part-time Worker Il &Trainee (Image Processing Research Team)

October 26, 2022

HAHRMEFRPE2E 20 BIP B (HAPIEFRAER) S RMTIET — LV — X — (B e — LEGRRERF— L)
The 20th Society Award (The Japanese Society for Neutron Science) ,~ Yoshie Otake, Team Leader (Neutron Beam
Technology Team)

November 25, 2022
2022 FE T X T 7S REEREERIE (—dEAT R T 7S S HRAMBE BT — L) — &% — (L AEF
FREFAE R 7Y T — L))

NF Foundation R&D Encouragement Award (NF Foundation)  Yuya Morimoto, RIKEN Hakubi Team Leader (Ultrashort
Electron Beam Science RIKEN Hakubi Research Team)

December 15, 2022

DRI HACAHRIESE (ARSI —BR— L) — X — (&4 7 bz Ly br=s ZAf%kF—L)
JSPS PRIZE (Japan Society for the Promotion of Science)  Yuichiro Kato, Team Leader (Quantum Optoelectronics
Research Team)

February 8, 2023

PHRRCEREE - eI Wang, LIt 8 (7 VY BFER P T — L)
RIKEN “Obu” Award (Incentive Award, Technician Incentive Award RIKEN) " Li Wang, Research Scientist (Terahertz
Quantum Device Research Team)

February 17,2023
BFHRAZ—E IR R B« AMREEIARAE Y VRV LEFERESR) HHARNHES: (5oL A A=V
TG F— L)

Poster Award (Joint Symposium Organizing Committee of Graduate Schools of Science and Life Sciences) / Miku Tsuijii,
Student Trainee (Terahertz Sensing and Imaging Research Team)

March 10, 2023

2022 1JEM Outstanding Contribution Award (International Journal of Extreme Manufacturing) /#2fisXF— LV — R — (4
L — =TT — L)

2022 IJEM Outstanding Contribution Award (International Journal of Extreme Manufacturing)  Koji Sugioka, Team
Leader (Advanced Laser Processing Research Team)
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March 15, 2023

JISHAYIE R R A A N—2T 4 &A= 3 Yy O&D B WHEMASHASRE (DEEEENSHYER)
Yu-Chieh Lin W92 5 (77 MRRPEMZETF— L)

Women in Ultrafast Science Global Award (The Japan Society of Applied Physics) . Yu-Chieh Lin, Research Scientist
(Attosecond Science Research Team)

March 16, 2023

JEFYIEREE T 4 b =7 ZBEGE (ASHEERENSHIER T + s =7 ZA9RE) /RS IHEL (B FahpseF— L)
Photonics Encouragement Award (Photonics Division, The Japan Society of Applied Physics) .~ Korenobu Matsuzaki,
Research Scientist (Ultrafast Spectroscopy Research Team)

March 23, 2023

B M E G229 7 Xue, Bing BRI ARERIIZE R (7 FRREMZEF — L), @fERRTF — L) — X — (HEda
=LY MRXBVEENZET — L), IEkE—BRF— L) — X — INSERAIGEE (B4 7 L2 hn= 2 Af%F— L)
RIKEN BAIHO Award (RIKEN)  Bing Xue, Special Postdoctoral Researcher (Attosecond Science Research Team), Eiji

Takahashi, Team Leader (Ultrafast Coherent Soft X-ray Photonics Research Team), Yuichiro Kato, Team Leader, Daichi
Kozawa (Quantum Optoelectronics Research Team)

March 31, 2023

Highly Cited Paper Award January 2023 (Light: Science & Applications) ,/ AZIiSERF— LV — K — ek L—H—hn THIZEF— L)

Highly Cited Paper Award January 2023 (Light: Science & Applications) ./ Koji Sugioka, Team Leader (Advanced Laser
Processing Research Team)
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RESEARCH HIGHLIGHTS

TERAHERTZ TECHNOLOGY

Hitting the bull’s eye at an angle

Researchers explore how terahertz waves, which are finding use in an expanding range of practical
applications, interact with lenses with bull’'s-eye patterns

N ew terahertz devices such
as biosensors and antennas
in rapid communication systems
stand to benefit from an analysis
of a terahertz lens with a bull’s-
eye structure conducted by an
all-RIKEN team'.

Terahertz waves are so-called
because they typically have
frequencies between 0.1 and
10 terahertz (I terahertz is a
trillion cycles per second). They
are sandwiched between the
microwave and infrared regions
on the electromagnetic spectrum.
New technologies based on
terahertz waves are taking off in
areas such as imaging, wireless
communication and sensors.

Lenses consisting of concentric
grooves are commonly used
to focus terahertz waves in
applications such as high-
resolution imaging and
antennas for rapid wireless
communication. These bull’s-eye
structures funnel propagating
terahertz waves into apertures
smaller than the wavelength of
the terahertz radiation. But so far
their focusing performance has
been measured only for terahertz
waves hitting them square on
and not for waves that strike
them obliquely.

“These lenses depend strongly
on the angle of the impinging
terahertz wave,” says Yu
Tokizane of the RIKEN Center
for Advanced Photonics. “This
angle dependence has been
ignored in previous studies
because measurements at oblique
incidence are difficult due to the
low signal intensity. However,
many practical applications of
the terahertz bull’s-eye structure
require various incident angles.”

20

RIKEN researchers have investigated how terahertz waves behave when they pass through lenses with a bull’s-eye structure
at an oblique angle of incidence.

Now, Tokizane, Hiroaki
Minamide and three co-workers,
all at the RIKEN Center for
Advanced Photonics, have
measured the response of a
bull’s-eye structure lens to
terahertz waves hitting it at
angles between 0 and 8 degrees.

“Our results will be useful
for optimizing the coupling
efficiency of bull’s-eye antennas,
a type of device that could
be used in spectroscopic and
ranging applications,” says
Tokizane.

The team discovered that the
lenses set up two resonances: a
main resonance that varies with
the incident angle and a side lobe

to the main resonance. These
results could be well reproduced
by a simple model.

“The measured spectra of
the bull’s-eye structure look
complicated at first sight,” notes
Tokizane. “However, our model
describes the experimental
results including tiny peaks,
which makes us confident
that the experimental results
are not artifacts. In this study,
it was interesting to discover
that apparently complicated
results are correct and only
consequences of simple physical
phenomena without fancy
assumptions.”

Tokizane, who has

subsequently taken up a post
at Tokushima University,

will be working on terahertz
imaging and communication
technologies. “Both research
areas require resonating
terahertz waves generated
using devices such as bull’s-eye
structure lenses,” he notes. @

Reference

1. Tokizane, Y., Ohno, S.,
Takida, Y., Shikata, J. &
Minamide, H. Incident-
angle-dependent
extraordinary transmission
of the terahertz bull’s-eye
structure. Physical Review
Applied 17, 054020 (2022).
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I RescrcH HIGHLIGHTS

QUANTUM COMMUNICATIONS

A cleaner, better way
to produce single-
photon emitters

A vapor-phase reaction makes carbon nanotubes
even more attractive as single-photon emitters for

quantum technologies

IKEN scientists have created

an effective source of single
photons for emerging quantum
technologies. They did this by
adding molecules to carbon
nanotubes using a reaction that
occurs in the vapor phase'.

Quantum technologies are

on the verge of revolutionizing
computing and communica-
tions, promising benefits such
as secure communication,
ultrasensitive sensing and
parallel computing. Many of
these applications require light
sources that can generate single
photons—the smallest packets of
light possible—on demand.

“This method
allowed us to
introduce organic
molecules without
also incorporating
undesirable defects.”

A promising source of
single photons in the infrared
wavelength range used in tel-
ecommunications is carbon
nanotubes—cylinders of
graphene sheets that are a mere
nanometer or so in diameter—
that have been imparted with
new functions, or functionalized,
by adding an organic molecule.
The cleanest way to do
this would be to use carbon

20

nanotubes suspended across

an air gap, but unfortunately
this isn’t compatible with the
usual approach of functional-
izing carbon nanotubes, which
takes place in solutions. “Carbon
nanotubes functionalized in
solution tend to be really short
and have defects all over them,”
notes Yuichiro Kato of the
RIKEN Center for Advanced
Photonics (RAP).

Now, Kato and Daichi Kozawa,

also of RAP, and their co-work-
ers have developed a method
for functionalizing carbon
nanotubes that can be done in
the vapor phase, and hence on
nanotubes suspended across

a trench in a silicon substrate
(see image).

“We grew fairly long
nanotubes and functionalized
them in the vapor phase, so they
had no contact with solutions,
which contain a lot of impuri-
ties,” says Kato. "This method
allowed us to introduce organic
molecules without also incorpo-
rating undesirable defects.”

The study was a collabora-
tion born out of a pre-pandemic
interaction at an international
conference. Kato and Kozawa’s
team at RAP produced the
suspended nanotubes and then
sent them to chemists in the
University of Maryland in the
United States for functionaliza-
tion, who then sent them back
for analysis. “YuHuang Wang at
the University of Maryland is a

A carbon nanotube suspended across a trench in a silicon substrate. By
developing a method that allows such suspended nanotubes to be functionalized
with organic molecules, RIKEN researchers have enhanced their usefulness for
sources of single photons.

great chemist, and he’s the one
who got curious about the pos-
sibility of doing these reactions
in the vapor phase,” says Kato.
“It took us a few rounds, but we
were able to see good emission
from the organic molecules on
the nanotubes.”

The team verified the optical
performance of their carbon
nanotubes by performing spec-
troscopic measurements on more
than 2,000 of them. They discov-
ered that the number of organic
molecules introduced per
nanotube increased with smaller
diameter nanotubes, and they
were able to model this effect in
terms of the greater reactivity of

narrower nanotubes.

The team now intends to
optimize the functionalization
process so that just one organic
molecule is introduced per
nanotube. ®

Reference

1. Kozawa, D., Wu, X., Ishii,
A., Fortner, J., Otsuka,
K., Xiang, R., Inoue, T,
Maruyama, S., Wang, Y.
& Kato, Y. K. Formation
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