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Preface

Three 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 2020, despite various restrictions imposed by the spread of COVID-19, “Test of general relativity by a portable optical
lattice clock at Tokyo Sky Tree (Space-Time Engineering Research Team)” , “An optical synthesizer producing intense
attosecond pulses (Attosecond Science Research Team)” , “Attomolar sensing by liquid-interface assisted Surface-Enhanced
Raman Scattering (Advanced Laser Processing Research Team) “, “Modification of intracellular proteins by terahertz light
irradiation (Terahertz Imaging Research Team)” and other remarkable research results were produced.

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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F—2ALY—&—/ Team Leader Research Subjects

R e TR v Generation and measurement of attosecond pulses
Katsumi Midorikawa, D. Eng. v Attosecond dynamics in atoms and molecules

v XUV nonlinear optics

v’ Ultrashort intense lasers

v Multiphoton microscopy
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(RRUREERS) B 2T High efficiency ultrafast water-window harmonic
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Yasuo Nabekawa, Eiji Takahashi, . 5 e a1 f e L .
Yutaka Nagata « High efficiency mid-infrared laser amplification method:
(Senior Scientist) Keisuke Isobe dual-chirped OPA
(Research Scientist) .
Tomoya Okino, Takashige Fujiwara, Development of a high-pressure target gas cell
Yu-Chieh Lin, Kaoru Yamazaki + Nano-joule coherent water window harmonic beam by a
(Special Tempor.ary Research Scientist) loose focusing method
Tohru Kobayashi
(Special Postdoctoral Researcher) « Towards a single-shot soft x-ray absorption spectroscopy
Bing Xue

(Postdoctoral Researcher) ; o ; ) S ;

Lu X Yuxi Fu, Kotaro Nishimura, Renzhi Shao, Akira Suda, Katsumi Midorikawa, Pengfei Lan,
uAu and Eiji J. Takahashi, "High efficiency ultrafast water-window harmonic generation for

(Technical Scientist) single-shot soft X-ray spectroscopy," Communications Physics 3 (1) (2020).

Akihiro Tanabashi
(Special Temporary Employee)
Takiko Wakabayashi




Attosecond Science Research Team

Extreme Photonics Research Group
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Fig.1 Schematic of the experimental setup
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High-order harmonic generation (HHG), which
is a wavelength conversion technique of laser
light, has been attracting attention as a light
source that can realize an attosecond pulse in
the soft x-ray region. However, its generation
efficiency and output energy are very low, which
is a major problem for the use to for various
applications. Attosecond science research team
has been working on increasing the output
energy of high-order harmonic light sources in
the soft x-ray region, especially in the "water
window" region.

To increase the output power of HHG, we first
proposed a mid-infrared laser amplification
technique (DC-OPA) and developed a high power
laser system (100 mJ, 1.55 um, 40 fs). By
combining the developed high-power 1.55 um
laser system with the loose-focusing method (Fig.
1), we have demonstrated nano-joule harmonic
energy in the water window region (Fig. 2). We
also measured the near-edge x-ray absorption
fine structure (NEXAFS) using the developed
water window harmonic beam (Fig. 3). As a result,
the K-edge of carbon (284 eV) was clearly
observed in the measured spectrum, and the fine
absorption structures appeared at the higher
photon energy side of the K-edge. With our
current measurement system, only 2% harmonic
energy is utilized to take an absorption spectrum
and 98% of the energy is lost at the spectrometer
slit. By employing a toroidal mirror to collect all
water window HHs energy for spectroscopy or
imaging, our nano-joule water window harmonic
source enables us to take an absorption spectrum
by a single-shot.
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Fig.3 Near edge X-ray absorption fine structure (NEXAFS) by soft
X-rays. Absorption spectrum near the carbon K-edge after a 0.25-
um thick Parylene-C film
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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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The photochemical reaction of phenol becomes

ultrafast at the air-water interface

« The first application of interface-selective ultrafast
spectroscopy to track a chemical reaction at a water
interface.

« Photochemical reaction of phenol produces the same
products as the reaction in the bulk water phase.

« The rate of this reaction at the water surface was found
to be more than 10,000 times faster than in bulk water.

Reference: R. Kusaka, S. Nihonyanagi & T. Tahara, Nat. Chem. 13,306-311, (2021).




Extreme Photonics Research Group

Ultrafast Spectroscopy Research Team
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Water surface provides molecules with a unique
environment, which is considered to greatly
affect the reactivity of the interfacial molecules.
Therefore, it has been desired to elucidate how
differently chemical reactions proceed at the
water surface. Ultrafast Spectroscopy Research
Team tackled this problem using UV-excited
time-resolved heterodyne-detected vibrational
sum frequency generation (UV-TR-HD-VSFQ)
spectroscopy, which is new interface-selective
ultrafast spectroscopy developed at RIKEN. The
team investigated the photochemical reaction of
phenol and observed that phenol molecules at
the water surface release protons (H*) and
electrons (e”) to generate phenoxy radicals within
100 fs. It means that the reaction at the water
surface proceeds more than 10,000 times faster
than that in the bulk water phase. This finding
demonstrates that the unique solvation
environment at the water surface can drastically
change chemical reactions at the surface.
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v Relativistic geodesy with optical lattice clocks
B FHR 0w v Development of transportable optical lattice clocks

Hidetoshi Katori, D. Eng. v Long-term stable operation of optical lattice clocks
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(Senior Research Scientist) Development of a vehicle-mounted optical lattice
Masao Takamoto (c) clock for relativistic geodesy
Atsushi Yamaguchi (c)
(Assistant) « Development of a transportable optical lattice clock

y Kobavashi . .. -
egumi Kobayashi with 18-digit precision

+ Chronometric levelling with cm-level precision
using an on-vehicle clock

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

Reference: “Optical frequency distribution using laser repeater stations with planar
lightwave circuits,” Opt. Exp. 28. 9186, (2020).




Extreme Photonics Research Group

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

The Space-Time Engineering Research Team has
developed transportable optical lattice clocks that
are applicable to relativistic geodesy. The team is
currently developing a vehicle-mounted optical
lattice clock with 18-digit-precision (Fig. 1). The
team compared the on-board clock with an optical
lattice clock operated in the laboratory via an
optical fiber and found that the performance of the
on-vehicle clock was similar to that of the
laboratory-based clock (Fig. 2). Such a high-
performance transportable clock allows precise
measurement of the spacetime affected by the
gravitational field and mapping of the altitude with
centimeter precision.

In the future, by transporting the on-vehicle
clock to remote sites and comparing the clocks
over a long baseline, the team will investigate
geophysical application of chronometric levelling,
such as monitoring of uplift in the earth's crust.
Further downsizing and networking of the clocks
will allow the clocks to be used as geopotential
sensors that are complement to GNSS (Global
Navigation Satellite System) and gravimeters.
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Fig.2 Results of a frequency comparison between an on-
vehicle clock and a laboratory clock. Elevation
differences with an uncertainty of centimeters were
measured in an hour averaging time.
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Research Subjects

v Room-temperature telecommunication-wavelength single
photon source

v Electroluminescence devices with extremely low energy
dissipation

v' Optical sensors with novel functionalities
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Waveguide coupled cavity-enhanced light emission

from individual carbon nanotubes

+ Individual nanotube emitters are integrated onto a
microcavity and a waveguide

+ Only the narrow emission component is extracted
from the waveguide facet

» The waveguide-coupled light can easily be
connected to various optical components on a
monolithic chip and optical fibers.

Reference: D. Yamashita, H. Machiya, K. Otsuka, A. Ishii, Y. K. Kato, “Waveguide

coupled cavity-enhanced light emission from individual carbon nanotubes”, APL
Photonics 6,031302 (2021).
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Quantum Optoelectronics Research Team

Extreme Photonics Research Group

BEH—RVF/Fa1—TEEECEEFEHD
Fianl, Y)aAVEREICEZERRIES S
EDNTEBRS, )AV T+ FZ U RITHITS
EBAERFELTEEINTVWEYS, 0 FvTT
INA ZEICEF e RDR Ty TE LT, DT
INARAEREBEICT IV ERTESRLDITT Bl
HIRERIC K > TR E NN E SERRIHES
BT EDEETY,

AR TIE, B—DhH—RVF/Fa1—T%E
WIS L) Oy tiRasICERBLE L
fe[® 1 (@)l BRE7SKEEES > 2L—> 3>
ZFWTHIRSR EERBRORFT 21T, BERE—
R+ bz oiERS/ E— LHiRSE OFAIDIR
D FS LTHEACASDZIFHZ T ET. HH
—AEICERTBHESICLELEET D) . H—
RyF/Fa—TlF LEZREREEZRWNT
SIO,/SiEM EICHETBIDE., BIgAZ2 > T
BiEEFE>THIRSB EICEE LE LT,

F/E—LHERS EDH—RVF/Fa1—Th
SORNZEEANETS by TRHBAESE., B
BRICIHEE LIERNAZINET 51 FREBHAED?2
DOFEEAVWTTINAAD 74 MRyt
M AFMELE Lic, £9. by TRERER
BWT., #iReSEBEELTWBE—DAH—KRV T
JFa1—T%EHFERLE L, TOER. K2@0D
£33, B—RYF/Fa1—TDRNEETH N
E—I0HEREN, BEAHHIRSFICK > TS
NTWBTNAADBESNE LT, ZDLS5%GT
INA RIS LT, KiT, 7/ E— LERKRIGED
SHMETNERELEY A FEHREZRVTHAN
Flc. M2bIchHdELSIc. h—KR>+/
Fa1—TDEVWANRYT MUIFIHEIE N, HIRSRIC
Lo TUEBEINHONE— I ZF DR D DI HE
WEEBE> THHEEINTWAZ &b E L,
COLSGEFRESKIE. ) aAVEREICE
BEINTRA TR, KT 7ANICRBITE
HoBTEDNTE B—H—AKRVF/Fa1—T*H%
TINA ZADISBEEILT 3 EHERFEINE T,

1180000081

I-:l -
'l‘"- mE

L.

M1 (a)F /A ADBE, (b)7A b=y oS /E— LR

- EREBROBHMAS T,
Fig.1 (a) Schematic of the device. (b) Simulated spatial

distribution of the y-component of the electric field.
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Single-walled carbon nanotubes (CNTs) are
promising candidates as nanoscale light emitters
in silicon photonics because they exhibit
photoluminescence (PL) in telecom-wavelength
regime at room temperature and can be grown
directly on silicon substrates. An important step
toward on-chip devices is to couple the light
enhanced by the cavity to an optical waveguide,
connecting the light emitter and other optical
components for mutual access.

In this work, individual CNT telecom-
wavelength emitters are integrated onto a
microcavity and a waveguide [Fig. 1(a)]l. Using
finite-difference time-domain simulations, we
have modified an air-mode nanobeam cavity to
have one thin end mirror for guiding the light
into the waveguide [Fig. 1(b)].

We investigate photoluminescence
characteristics of the devices using two
geometries: a top detection configuration that
measures light emission from CNTs on a
nanobeam cavity, and a side detection
configuration that collects light emission coupled
to the waveguide. Figure 2(a) shows a PL
spectrum of a CNT coupled to a cavity measured
by the top detection configuration. Since the
cavity linewidth is considerably narrower than the
CNT linewidth at room temperature, devices
showing a sharp peak component indicate that
CNT emission is coupled to the cavity. Figure 2(b)
shows a waveguided CNT PL spectrum of the
same device shown in Fig.(a). The light emission
from the identified CNT is enhanced at the cavity
resonance and extracted from the waveguide
facet. Compared to the spectrum in Fig. 2(a), the
broad CNT component is suppressed due to the
photonic bandgap. The waveguide-coupled light
can easily be connected to various optical
components on a monolithic chip and optical
fibers.
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Fig.2 PL spectra of a CNT coupled to a cavity measured in (a) the top

detection configuration and (b) the side detection configuration.
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Research Subjects

v' Development of super-resolution live imaging microscopy

v" Molecular mechanisms of intracellular membrane trafficking
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(Senior Research Scientist)
Kazuo Kurokawa, Takuro Tojima
(Research Scientist)
Natsuko Jin
(Postdoctoral Researcher)
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(Special Postdoctoral Researcher)
Daisuke Miyashiro
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Lipid chain length-dependent protein sorting

+ GPl-anchored proteins and transmembrane proteins are
localized to different ER zones and sorted into different
ER exit sites (ERES)

 Ceramide chain length in the ER membrane regulates
sorting of GPl-anchored proteins into selective ERES

Reference:+Sofia Rodriguez-Gallardo, +*Kazuo Kurokawa, Susana Sabido-Bozo,
Alejandro Cortes-Gomez, Atsuko lkeda, Valeria Zoni, Auxiliadora Aguilera-Romero, Ana
Maria Perez-Linero, Sergio Lopez, Miho Waga, Misako Araki, Miyako Nakano, Howard
Riezman, Kouichi Funato, Stefano Vanni, Akihiko Nakano, *Manuel Muiiz. “Ceramide
chain length-dependent protein sorting into selective endoplasmic reticulum exit
sites.” Science Advances. 6:eaba8237 (2020).
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Live Cell Super-Resolution Imaging Research Team

Subwavelength Photonics Research Group

INIR TR IEO NS T ST A2V /\VE
(R I/IN\7E) &, NBEICZEEFEET BER
exit sites (ERES)DS JIVIfEANE@EENE T, L

L. SRGEER 2 INTEHEDEK S ICERESN
EFERENZ DD T OEIBIERIET 2 ICITAZER
TNTWERATLT

SHRZEDOE| (BEMEE) 53, EEE@
EL—Y-—HEQBEMEXT L (SCLM) |

&ofx%thmméhtﬁﬁﬁtilhbﬁm
SNBGPI7 v AH—BIZ NV E [Gasl] LFRE
BRAAVEFDZ VNG TMid2) D%k iR
WLE L, ZDOER., Mid2l3/ N \BE2EICBE
I 5—7A. GaslF/NEED WL DHDERESA L
DYV—VICERL. MR VIN\VERNETNTNER
BERESITERIETND Z EHBESHICEY F LTz,
T5(T. NEEFREDYE S = FOREHEERN B
fITIE. GasihhEEEICBEL. Mid2&[F
CERESNZER| TNz &ED 5. BEORIHZ Y
INTBDREEEEIB>TWS T EFFHFFALE L
feo 5%, SCLIMERWEKE 22 /N7 EER|
DIEFBOREBBICEK Y. 2N BHEZEDEE LK
ICKYRET 2EREMBEDERICDOEHAD T &
DR CEE Y,

G B =B 2 2ot B Gasl, B £ MRBE £ 1 = &M 000 MM W5

ERRAE & ERES~ o
==t . . .
hES R
R ¥ irma
ERES~ a3
(R R

WY el Bk NG EERES RS R

Various cargo proteins are newly synthesized in the
endoplasmic reticulum (ER) and then transported to
the Golgi apparatus from the ER exit sites (ERES).
However, the mechanism of how cargo proteins are
sorted into the ERES has still not been fully
elucidated.

Using super-resolution confocal live imaging
microscopy (SCLIM), Kazuo Kurokawa (Senior
Research Scientist) and his collaborators analyzed
the sorting of newly synthesized Gasl, a GPI-
anchored protein having a very long chain ceramide
lipid moiety, and Mid2, a protein with a
transmembrane domain. They found that Mid2
localized throughout the ER, while Gas1 made
clusters in the zones associated with specific ERES

and that both cargos were sorted into different ERES.

In addition, they found that, in cells with shorter
ceramide in the ER membrane, Gas1 was distributed
throughout the ER and was sorted into the same
ERES as Mid2, proving that chain length of ceramide
in the ER membrane is critical for the sorting
selectivity.

SCLIM will help us to further understand the
mechanism of protein sorting, which will lead to the
development of research on diseases caused by
protein transport abnormality and disruption.

. GPI77 > A—B 5> I\ BGas1 EFEEE R XA~
RO VINVEMId2IE. BESNEEY—-VICR
EL. EGBERESNERENS,

Fig. 1. GPl-anchored protein and transmembrane
protein localize in distinct ER zones and are sorted
into different ERES.
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Fig. 2. Ceramide chain length-dependent protein

sorting into selective ERES. GPl-anchored proteins Gh“"ﬂﬂ:ﬁ“"*
(R

are distributed throughout the ER and sorted into
the same ERES as transmembrane proteins in cells
with shorter chain length of ceramide in the ER
membrane.
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Research Subjects
v" Structure-function relationships of fluorescent protein chromophores
v Interplay between ambient light and organisms

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

HHZEM R, Research Output
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Subwavelength Photonics Research Group

Biotechnological Optics Research Team
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Dysfunctional mitochondria accumulate in many
human diseases. Accordingly, mitophagy, which
removes these mitochondria through lysosomal
degradation, is attracting broad attention. Due to
uncertainties in the operational principles of
conventional mitophagy probes, however, the
specificity and quantitativeness of their readouts
are disputable. Thorough investigation of the
behaviors and fates of fluorescent proteins inside
and outside lysosomes enabled us to develop an
indicator for mitophagy, mito-SRAI Through strict
control of its mitochondrial targeting, we were
able to monitor mitophagy in fixed biological
samples more reproducibly than before. Large-
scale image-based high-throughput screening
led to the discovery of a hit compound that
induces selective mitophagy of damaged
mitochondria. In a mouse model of Parkinson'’s
disease, we found that dopaminergic neurons
selectively failed to execute mitophagy that
promoted their survival within lesions. These
results show that mito-SRAIl is an essential tool for
quantitative studies of mitochondrial quality
control.

1 mito-SRAIZZAW X bV FU7REIY bA—ILOERR

mito-SRAIZZHIR L &Rz AV bV FU7&ED
v ha—)bZEEFIELE Lize O O—JLTldmito-SRAIIK =
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AV RUT7HRIVYY—LIZBTL. Y71V f. BRE) H
BEEINET,

mito-SRAIL- S
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6-0OHDA,
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mito-SRAIZFIR L < 7 AD#HEMR D B DI s Z i EA
TEHTETN—FUVVROETIVEEY ., HEARICHITS
ThOVRUT7REIY FO—-ILEBERLE LIz, ZTORER.
FO e RFOFo+F—+€ (THEEO®EERE (BXE T
DOFIV GR) BREHINE LD, IN—F UV R THEA—
IERITBT EHNMSNTWABTHREOMZME (BX5E) T
W& 7 HINEBRENFEA T LT
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(Research Scientist)
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Masahiko Morita
(Technical Staff)
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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

FHZER SR, Research Output
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An image-based approach to develop a rat neuro-

musculoskeletal model and a fine-grained motor
analysis.

* Development of the world’s finest-grained rat
skeletal model with high-resolution X-ray CT data;

* Implementation of computational muscle models
for the above model by 3D-ISM data.

* Detailed motion analysis of rats by using the
neuro-musculoskeletal model and the most

advanced motion capture system.

Reference: 1. ISHR ¥, T4} 8, £&F 540, &4 O, #541 1EBR, 14T B, 4 i 7, 15

FR, AH BE, EHDOMEA D A LBRBICEIF oY Mg IaLl—>3avET

“JVDFA%E, Biomedical Interface Workshop 2021

%5‘&@%%?’5%&% PRFTHEERABEE S IZE R P2 IR BAZERRFISE4 BIRR S 2R T s
0.
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Subwavelength Photonics Research Group

Image Processing Research Team
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Figure 1 X-ray CT scanning on a rat sample.
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data acquisition by
the 3D-ISM.

Figure 2 A rat skeletal model based on CT

scanning data.

3Digital

Figure 3 Tomographic

Experimental mammalian animals, like mice and rats, have
contributed to the scientific community for more than one
century. However, due to the extreme complexity of the
biological system, analysis of their fine-grained phenotypes
was still in an early stage. By utilizing the Newtonian
mechanics framework, we shed light on the neuro-motor
function, which is one of the most complex phenotypic traits
of organisms. We thus developed a fine-grained rat neuro-
musculoskeletal model and conducted various motion
analyses, including inverse dynamic (ID) analysis, using an
advanced optical motion capture system.

It is notoriously costly to develop neuro-musculoskeletal
models. In our research, we have focused on an image-based
approach, by which we realized the low-cost and rapid
development of the model. We used X-ray CT data and 3D-
IMS data for establishing the geometry of the skeletal system
and sub-cellular level muscle structure, respectively. We
utilized our in-house image information process tools to
analyze and integrate the data. As a result, we could
implement the world’s finest-grained skeletal model and
realistic muscle computational model. Collaborating with
AIST, we performed motion capture on operand-conditioned
rats and achieved the ID, which was supposed to be difficult
for small animals. Our achievement paved the way to
estimate the internal muscular synergy, which cannot be
observed from outside of the body.

Our research also attracted the attention of non-
biological areas, like robotics; a cadet, Yuta Shimane, received
multiple awards.

This work was supported by the RIKEN-AIST joint project
(5.0.), led by the presidents of the two institutes.

camera

’.’-? Slice

| (LRise

Figure 4 Inverse dynamic analysis of rat gait.

Figure 5 Comparison between our model and

the previous studies.
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Research Subjects

v Novel metamaterials such as 3D metamaterials and perfect absorbers

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

v' Alternative materials for tunable metamaterials

v" Tip-enhanced spectroscopy in the visible and THz regime

THZZR R, Research Output
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Randomly Oriented Plasmonic Nanostructures Arrays

+ Developed a method to introduce random orientation
in periodically arranged nanostructure arrays

« Investigated the reason for the random orientation

+ Study the change in optical response due to random
orientation

« Numerical simulation to explore the new optical
behaviors
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Innovative Photon Manipulation Research Team

Subwavelength Photonics Research Group
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Fig.1 (a) Schematic of substrate etching for plasmonic
nanostructures formed on a substrate. Under isotropic
etching, the substrate underneath the metal nanostructure is
removed. (b) 3D illustration of substrate etching; along with
arms release and orientation of the nanostructure.

Random  orientation  of  plasmonic
nanostructures arrays could exhibit new
optical behavior through confinement and
interaction of near field light. The intricate
science of it is yet to be explored because of
technical limitations to fabricate such
complex arrangements. We developed an
etching based strategy to introduce random
orientation  in  periodically  arranged
nanostructure arrays that was fabricated
using electron beam lithography, shown in

Fig. 1.

glasma induced etching of substrate below
the periodic nanostructure arrays (Fig.2(a))
resulted in random orientation as shown in
Fig. 2(b). The possible reason for the
orientation is due to release of tensile stress
of present in the center pad of the
nanostructures.

The optical response of randomly oriented
nanostructures was investigated by Fourier-
transform  infrared  spectroscopy in
transmission mode and the changes in the
spectra were compared with those of the
nanostructure without orientation, shown in
Figs. 2 (c-d). The reason for the change in the
optical response occurred due to the
formation of higher order modes due to near
field coupling which was different compared
with those of the nanostructure without
orientation.

Withoul Random Oricnistion

With Bandom Cmcntation

|
i 4 [ I ] 2 4 & ¥ 10
Wavelength ( jire) Wrve |emgth | pm)

B2(a) and (b) 5> % LEERIEDT / EEDEFEMHFEETH.

(c) and (d) ZNZENDEEDFNEBANY ~)b. FifclcEC
EEBEDETIIRERNTRLTHS.

Fig.2 (a) and (b) show SEM images of fabricated arrays without
and with orientation. (c) and (d) show their corresponding
transmittance spectra. The new resonance dip is marked by
the black arrow.
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Research Subjects

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

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

v" Synthesis of nanomaterials by ultrafast lasers

v Elucidation of laser and matter interactions

FAZERLER ./ Research Output
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Attomolar Sensing by Liquid Interface-Assisted
Surface-Enhanced Raman Scattering Using Microfluidic
Cb IFf)evelopment of hybrid femtosecond laser processing
for fabrication of microfluidic surface enhanced Raman
scattering (SERS) chips
« Invention of a novel technique termed liquid interface-
assisted SERS (LI-SERS) using the fabricated Chips
+ Achieving the enhancement factor higher than 1 x
10" by LI-SERS
« Demonstration of attomolar sensing by LI-SERS

S.Bai, D. Serien, Y. Ma, K. Obata and K. Sugioka, ACS Appl. Mater. Interfaces 12,
42328-42338 (2020).
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Figure 1 (Left) Nanoripple structure
formed on a metal film by
femtosecond laser processing. (Right)
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Scheme of LI-SERS realizing attomolar
sensing in the microchannel.
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Surface enhanced Raman scattering (SERS) is a
powerful technique for trace analysis due to the
extraordinary enhancement of Raman signals by
localized surface plasmon resonance (LSPR) on a
nanostructure of metal such as silver and gold. The
SERS technique has thus been exploited in diverse
analytical applications including disease diagnosis,
tissue  therapy,  environmental = monitoring,
holography, and food safety management.

In FY2020, we invented a novel method to realize
attomolar sensing using microfluidic SERS chips
fabricated by hybrid femtosecond laser processing.
The hybrid femtosecond laser processing consisted
of fabrication of 3D microfluidic structure in a glass
substrate, selective deposition of a metal thin film in
the glass microfluidic channel, and formation of a
nanoripple structure on the deposited metal thin film
(Figure 1, left), all were carried out by femtosecond
laser direct writing. The created metal nanoripple
structure included the nanogrooves with an average
width of 35 nm, which could amplify the localized
electric field of light externally illuminated due to
LSPR to perform the SERS sensing. Most strikingly, we
found the enhancement of SERS can be significantly
amplified when the Raman excitation laser was
irradiated at the interface between an analyte
solution and air on the metal nanostructure formed
in the microfluidic channel (Figure 1 right). We
termed this novel method liquid interface-assisted
SERS (LI-SERS). The LI-SERS achieved an enhancement
factor higher than 1 x 10, enabling ultra-highly
sensitive sensing of analyte with a concentration
down to attomolar (Figure 2).

Figure 2. Raman spectrum for Rhodamine 6G (R6G) solution
with a concentration of 10~ M (10 aM) in the fabricated
microfluidic SERS chip by LI-SERS. Raman signals associated with
RG6 are clearly detected, demonstrating attomolar sensing.
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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

FHZER SR, Research Output
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Visualization of anisotropic interaction between
Terahertz light and micro metal helix in real-time

« Fabrication of micro-scale three-dimensional metal
helical structures using bio-template technology

« The anisotropic THz radiation from the helix was
visualized with excellent spatial/temporal resolution in
real-time

« Application as an ultra-wideband antenna in THz
frequency range

Reference: T. Notake, T. lyoda, T. Arikawa, K. Tanaka, C. Otani & H. Minamide,
Scientific Reports volume 11, Article number: 3310 (2021) .
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Terahertz (THz) light is an important resource
for the next-generation ultrahigh-speed mobile
telecommunication standard (beyond 5G), and
the race to develop various optical/electronic
devices to generate, detect, and control terahertz
light is accelerating over the world.

We fabricated a metal micro helix of about 0.1
mm in length, 0.03 mm in diameter, and 0.007
mm in wire diameter by metal plating for
Spirulina in  collaboration with  Doshisha
University. Then, an interaction between the
metal micro helix and THz light was measured
using THz near-field microscope in collaboration
with Kyoto University. As a result, we succeeded
in visualizing the re-radiation of THz light of
different frequencies in a specific direction in real
time with a spatial resolution of about one-tenth
of the wavelength of terahertz light beyond
diffraction limit and a time resolution of
femtosecond.

The transmission speed of information in
telecommunication is determined by the
bandwidth. The bandwidth of THz radiation from
the micro metallic helix structure observed in this
study is more than 1 THz, which is about 10,000
times higher than the bandwidth used in the
current  state-of-the-art 5G  communication
standard technology. Therefore, our achievement
is expected to be applied as an ultra-wideband
antenna for beyond 5G platform.

A

K1 BEXEIVIF () EZuTibXy FnE
| BOXENV)FHNERSEA (B)
r Fig.1 Algae spirulina (left) and spirulina after nickel

plating treatment, metal micro helix (right)

LN Yy

X2 EEETAREENEEGDR/REDABEANT INILY
HOBBREHENZHTF. TNZTNEHE—F (&) /—<Ib
E—F (B ITHBHLTWS,

Fig.2 Real-time visualization of terahertz light being re-
radiated in different specific directions. They correspond to
the axial mode (left) and normal mode (right), respectively.
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Research Subjects

v' THz spectroscopy of polymers and the control of molecular
structures and functions

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

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

v' Applications of terahertz sensing and imaging

FHZER SR, Research Output
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Shockwaves generated by the terahertz irradiation

demolish bio-molecules in the cells

« THz irradiation to the aqueous solution generates
shockwaves which demolish protein aggregates in
the living cells

» Non-thermal THz irradiation effect for the living
organisms is demonstrated

Reference: Yamazaki et al. Scientific Reports 10, 9008 (2020); Tsubouchi, et al.
Scientific Reports 10, 18537 (2020)
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[iMicroscope olservation of Hela cell in the
culture medium, Optical and thermal effect
are regligitde due 1o the sufficient distance
from thee surface, (d) Images of actin flaments
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Dr. Hoshina, Dr. Yamazaki et al. have been
investigating the effects of THz irradiation on
living organisms in collaboration with Tohoku
university, Kyoto university and QST.

In this study, we found that THz pulse (~ps, ~4
THz) generates shockwaves at the surface of
water that propagate more than a few mm when
irradiated to aqueous solution. When the
generated shockwaves were irradiated actin
proteins undergoing polymerization, decrease in
the number of actin filaments was observed,
indicating that the shockwaves inhibit the
polymerization reaction. Furthermore, THz
irradiation to the Hela cells revealed that the actin
filaments in the cells demolished at the THz
intensities more than 80 pJ/cm?2.

It was thought that the THz irradiation effect was
mostly due to thermal effects at the body surface
due to strong absorption of water. However, this
study revealed that the energy of THz light
propagates as a shock wave into the body, which
should not be ignored when establishing safety
guidelines of the THz light.
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AR S LRm e il L, TR
i aRAEDEEFO-RHATRA LT

(blis e P2 2ETHSARETHE UL AR DA
A=, Hmmbl i LTS LA A
(a} Obsenation of THz shockeaves by the
shadowgraph method: THz pulse trains wers
irradiated 1o water ina quartz cell, The image of the
shociewives wias observed by the probe light. (b
Imasge of the THz pulse traén obtained by the
shadowgraph method, The shockeaves
progagates more than several millimeters

(d)
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Research Subjects

v' Development toward room temperature operation of THz-QCLs

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

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

v" Development of surface emitting THz-QCL

HAZEM R Research Output
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Development of watt class high-power terahertz

quantum cascade laser (THz-QCL)

+ Realization of 4 THz-band GaAs-based THz-QCL with
1.15 watt output power

« Operation temperature of THz-QCL up to 300 K is
analyzed by using deformed two well QC structure

+ 100% light-extraction efficiency is demonstrated in
the analysis of surface-emitting THz-QCL




Terahertz-wave Research Group

Terahertz Quantum Device Research Team
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Terahertz quantum-cascade laser (THz-QCL) is
promising as an advanced THz laser source with
small size, high output power and narrow
emission linewidth, and are expected for wide
variety of applications. We are researching on
higher temperature and output power THz-QCL
by introducing novel scheme quantum cascade
structures.

This fiscal year, we demonstrated analytically
that the sufficient optical gain for lasing of THz-
QCL can be obtained even at room temperature
by shutting down the thermal leakage channels
of currents by completely isolating the main
three levels from other leakage levels and by
adopting a strong diagonal transition of lasing
levels to suppress the thermally activated LO
phonon scattering. By reducing a parasitic
current leakage of a GaAs-based THz-QCL, we
achieved high output power operation with a
maximum power of 1.15W at 4.01 THz. The
maximum operating temperature has also
reached 202K. In addition, we demonstrated a
light-extraction efficiency (LEE) close to 100%
analyzed for a surface-emitting THz-QCL with a
photonic crystal (PhC) double-metal waveguide
by introducing a prism-type air hole structure.

300K o
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B 74V L— b3%fL KU BOXEBBDOEAILK Y5 NTGaAsHKTHz-QCLD300KIZ B 2 HF IS DREITIESR
Fig.1 Analysis of high-temperature operation of a GaAs-based THz-QCL realized by introducing isolated three levels with diagonal transition
GaAs/AlGaAs 4-Well QCL with Double metal wavegulde
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Fig.2 1.15 watt power GaAs/AlGaAs THz-QCL realized by blocking lateral leakage current and by optimizing doping concentration
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Research Subjects

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

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

v' Research of renewable energy using solar light

v' Generation of ultraslow muon with vacuum ultraviolet laser

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

HHZER R, Research Output
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Simultaneous measurement of the velocity and size
of speech-generated droplets using interferometric
imaging

« Measurement of the total number of droplet particles
generated by speech

« Simultaneous measurement of velocity vector and
size information for all generated droplet particles

+ Velocity vector measurement with a single camera

 No interfere with the airflow or trajectory of the
measurement target
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Advanced Photonics Technology Development Group
Photonies Control Technology Team
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With the recent Covid-19 pandemic, there is an
increasing need to measure the kinetic parameters of
droplets produced by talking and coughing. Powerful
computer simulations also require the input of droplet
particle parameters as initial conditions.

The velocity of droplets is usually measured by
Particle Image Velocimetry (PIV) using a laser light
sheet. However, this method can only measure within
a specific sheet plane does not provide particle size
information. The total number and size of droplets can
be measured indirectly with ink and filter paper or
suction particle counters, but not simultaneously with.
All parameters of droplet particles can only be
obtained statistically.

Our team has developed a unique optical
measurement system that combines off-focal plane
Interferometric Mie Imaging (IMI) with a precisely
formed 5mm thick PIV optical sheet placed so that all
droplets pass through it. We propose this system for
the simultaneous measurement of velocity vector and
size information for all generated droplet particles. It is
expected that such a highly functional measurement
system will be widely used through the licensing of
this system to measurement companies in the future.

(a) —MRAITEPIVIC K BACKKF CIIERNZHRHE SN DN
= FRIZWBRIFDIBER LHES NG (b) F4 DEREPIV
TIE5SMMEY — b EBIEY 52 TORFOMBHFEVIRS &
LTHESNS (O AT bTyF 2 TNIBICK Y RRFOEE T
L—L#ZRD. ¥— FESmMmH SEBRFDRENYT ~ L&
i

(a) Conventional PIV of droplet particles only provides
information on the particles inside the sheet. (b) With our
orthogonal PIV, the trajectories of all particles passing through
a 5mm thick sheet can be obtained as short line segments. (c)
The particle tracking process is used to obtain the sheet
crossing time of each particle. Finally, the velocity vector of
each particle is obtained.

(d) BEREPIVAIE ERRETASNe T 74— HAET
TSR, BBIXFFT RO IR FDER

(e) [\ BETRE LIERANTFOEEE U1 X0

(d) Interference image in the off-focal plane measured

(e)

simultaneously with orthogonal PIV. The numbers are
the diameters of particles calculated by FFT.

(e) Count and size distribution of droplet particles
generated by the "Pa" pronunciation.
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Research Subjects

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

v Fabrication of micro structure by precision machining

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

HiZERi SR, Research Output
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Contributing most advanced scientific apparatus by

using ultrahigh precision optics manufacturing
technology

 Neutron Focusing mirror using metallic substrate
have introduced to J-PARCBL-16 and is applied to
the analysis of laminar structure of lithium-ion
battery with small sample *

« Ultrafast imaging has been conducted by slicing
mirror manufactured by multiple-axis ultrahigh
precision machining™

« Optics developments for 2D spectrometer for TAO
telescop (SWIMS-IFU) is still in progress

*N.L.Yamada et al. J.Appl. Cryst. 53 (2020) **T.Saiki et al., Opt. Express 28 (2020)
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Ultrahigh Precision Technology Team
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T.Saiki et al, Opt. Express 28 (2020)

At Ultrahigh Precision Optics Technology Team,
we conduct ultrahigh precision machining,
metrology and design of optical components and
systems. An elliptic neutron focusing mirror for J-
PARC BL-16(SOFIA) has been successfully finished
and is used for analyzing laminar structure of
lithium-ion battery. By using this focusing mirror,
the measurement time was reduced to 1/3 even
with sample lithium-ion battery as small as 10mm
square.

For astronomical instruments or ultrafast
imaging experiment, manufacturing technique of
complicated precision optical surfaces such as
slicing mirror has been established. A result of
ultra fast imaging using a slicing mirror
manufactured in collaboration with Prof.
Nakagawa at University of Tokyo was successfully
published.

MR TR PEFRAES S —XHRAL
o) F 52 bA 2 RIS ONR
M.LYamada et al. LAppl. Cryst. 53 (2020]
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(Deputy Team Leader)

Atsushi Taketani

(Senior Research Scientist)
Masato Takamura,

Tomohiro Kobayashi

(Research Scientist) Maki Mizuta,
Takaoki Takanashi,

Yasuo Wakabayashi, Kunihiro Fuijita,
Chihiro lwamoto

(Postdoctoral Researcher)

Shota lkeda, Mingfei Yan
(Technical Staff) Makoto Goto,
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Research Subjects

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

v Realization of the on-site use compact neutron system

v Non- destructive test technology with quantitative analysis

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

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

FAZERLSR . Research Output

RANS-Il, FT##E/7’00 k&1 7
IC L BBRBILET VDS PN
FIERERRH DRI e
BREIRAE R B —T
IV DRNE (L DR S T =
[ ATEALRTEEN

- ORE O I~'Sl47"’625%)RANS-II75‘E|*%“E’\JL:$%E@JF'%9"E
ERPMFE— LFIATBEIC

s BUBT— 7)[/0)6mm<p0),ﬂ5'7k1’§ﬂ:'|7' SUICIBRED
BJ4R1LIC R Th

o« TRIT7IVETDHLDREHICHTN

s BRRRRDOKRR b E RIEEIC

RANS-II, the prototype of transportable neutron
system, the visualization of small degradation in the
degradation inside suspension bridge cables, and the
deterioration inside the bridge deck.

« Prototype of transportable neutron system, RANS-II
starts daily operation, neutron scattering imaging
method is available for large scale structure non-
destructive test.

« The 6mm ¢ water degradation in the suspension bridge
cable is visualized.
« The small and thin deterioration inside asphalt floor slab
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Advanced Photonics Technology Development Group
Neutron Beam Technology Team
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TWB&HTY, ZDIs. EDEIERIETIRE
L. ZEDEREZEZDKPRA FERRILT 55
MTDRFIE. FHOREZ KA S TesHDERER
DNEELHFECT,

IR EEMICDOWTIE, BN BB R HETIR
A7 LRANS-IID Z'A k2 A 7 Tdp HRANS-II%E
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HclCBR LB EHRANS- u B 7 /0031, B2
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Mlfe, Tfee BFTHEZSNEPETFRI AT
LORAFES. RBICAITTERIGEATVET,
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Fig. 2 The non-destructive visualization experiment with RANS-II
of the internal deterioration of bridge deck slab. The various
kinds of the internal deterioration of water, void, and
sedimentation of concrete with different thickness, density are
set, and measured by RANS-II neutron beam with position
sensitive time-of-flight detector with 60*60cm?2 size.

The deterioration of infrastructures such as bridges and
highways is becoming more serious every year, and
recently accidents involving bridges such as bridge falls
and fracture of steel material are occurring all over the
world including Japan. One of the reasons for this is the
deterioration of the inside of bridges due to salt
penetration. Currently, salt damage is a serious problem
not only in coastal areas but also in mountainous areas
where antifreeze is sprayed. This is because salt damage
corrodes steel and breaks down the important steel that
supports the structure in places that cannot be seen
from outside. Therefore, the technology for non-
destructive detection of salt and visualization of water
and voids that because deterioration is an urgent and
important issue to prevent accidents.

Regarding to the visualization technology
development, using RANS-II - which is a prototype of
transportable neutron system RANS-IIl for out-door use,
we have succeeded in developing a technology for non-
destructive visualization of small deterioration of
concrete structures such as bridge floor slabs and cables
of suspension bridges.

The newly developed salt-meter, RANS- u model 03 has
been successfully tested to confirm its on-board size
and weight using a bridge inspection vehicle. The
development of a compact neutron source systems is
making steady progress toward practical application.

M1 FEFEDST RANS- M:ETII/(B BEORY bTX b

TZa4—)bE HEEBRERICT. BERRgE (N7 v ) BE

HBROMKTF. BEE. T X AI8#EE. 8K/ 1 XZEDHK

:;%@J%E;é'%git\ BIENEEE & LCId. BRKRRE. MiEboH
B Ao

Fig. 1 Salt-meter with 252Cf neutron source, RANS- u

Model 03 was made as a trail and installed in a bucket and a
corridor of bridge inspection vehicle at the test bridge of
Fukushima Robot Test Field (RTF). The weight, size, range of
motion, and electrical noise were checked. As for the range
of motion, it was confirmed that RANS- u could approach the
back of the bridge slab and the girder appropriately.
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(Deputy Team Leader)

Kenji Yamazawa
(Senior Technical Scientist)

Kei Sunouchi
(Senior Research Scientist)

Shigeru lkeda, Yoshiyuki Takizawa
(Expert Technician) Takeshi Fujimoto
(Technical Staff) Masahiro Takeda,
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(Special Temporary Technical Scientist)
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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

FAZERLSR . Research Output

BoEE DMRFEICE D < TSR R R & STiniy
INIEFAR % R

« HIREBOKREICED SRR ORET. BRamDEMAIN L.
MHHIIC. BFREIRRETEF. A5 AMILF=ZRNE

« 2020 FEE. EH 2D 5520 40 TIH&kRE%Z K

« 3D TV VEZ—PEBBMIICL 2AFRTFORELGLE
DFr LW s = HEE

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

« 520 manufacturing request was processed in
FY2020 from all RIKEN sectors

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

Advanced Manufacturing Support Team

RMERTETF — L TIE. HEREDKEICED
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22—, WEMIEE. L—F—tk. FEhe
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EDT=HDTIEEMDE ) FWLZLEBERMBEL
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st ML Y
e i

BTG
52014

BAAR WO BOMF BOES B RN BCaS BEDY mETE

R TERER DA
Examples of Manufactured Apparatuses

WAL

At Advanced Manufacturing Support Team,
manufacturing support for the construction of
experimental apparatus is performed through
mechanical design and machining,
electric/electronics and glassware fabrication etc.
Those apparatus manufacturing support include
modification of microscope stages, parts
machining, construction of detector systems, and
devices for biological experiments. Despite an
emergency situation caused by the spread of
COVID-19, 520 manufacturing requests from all
the RIKEN research sectors have been processed
in FY2020. 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.

MRt T 2—T & OB TIERBEDIRNR
Numbers of Manufacturing Requests for each
research sectors of RIKEN
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7 FREIEAZEF — L Attosecond Science Research Team

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

1.

R. Amani, T. Okino, Y. Nabekawa, M. Kuwata-Gonokami, and K. Midorikawa: “Observation of harmonic beams inside a Kerr lens
mode-locked thin-disk ring laser oscillator beyond a repetition rate of 10 MHz", OSA Continuum 6, 1099 (2021).

M. Onda, R. F. Takeuchi, K. Isobe, T. Suzuki, Y. Masaki, N. Morimoto, and F. Osakada, “Temporally multiplexed dual-plane imaging of
neural activity with four-dimensional precision”, Neurosci. Res. 163, 34 (2021).

F. Ota, K. Hatada, D. Sebilleau, K. Ueda, and K. Yamazaki: “Theory on polarization-averaged core-level molecular-frame photoelectron
angular distributions: Il. Extracting the X-ray induced fragmentation dynamics of carbon monoxide dication from forward and
backward intensities”, J. Phys. B 54, 084001 (2021).

N. Kanda, T. Imahoko, K. Yoshida, A. Tanabashi, A. A. Eilanlou, Y. Nabekawa, T. Sumiyoshi, M. Kuwata-Gonokami, and K. Midorikawa:
“Opening a new route to multiport coherent XUV sources via intracavity high-order harmonic generation”, Light: Science &
Applications 9, 168, (2020).

S. Fukahori, T. Matsubara, Y. Nabekawa, K. Yamanouchi, and K. Midorikawa: “Ultrafast electron—-nuclear wavepacket in O*, generated
and probed with attosecond pulse trains”, J. Phys B 53, 164001, (2020).

T. Okino, and K. Midorikawa: “Characterization of polarization gating parameters for attosecond pulse generation using an imaging
polarimeter”, Phys. Rev. A 102, 023116, (2020).

Y-C. Lin, Y. Nabekawa, and K. Midorikawa: “Optical parametric amplification of sub-cycle shortwave infrared pulses”, Nat. Commun
11,3413, (2020).

Y. Fu, K. Nishimura, R. Shao, A. Suda, K. Midorikawa, P. Lan, and E. J. Takahashi: “High efficiency ultrafast water-window harmonic
generation for single-shot soft X-ray spectroscopy”, Communications Physics 3, (2020).

L. Xu, K. Nishimura, A. Suda, K. Midorikawa, Y. Fu, and E. J. Takahashi: “Optimization of a multi-TW few-cycle 17-um source based on
Type-I BBO dual-chirped optical parametric amplification”, Optics Express 28, 15138-15147 ,(2020).

. B. Xue, Y. Tamaru, Y. Fu, H. Yuan, P. Lan, O. D. Miicke, A. Suda, K. Midorikawa, and E. J. Takahashi: “Fully stabilized multi-TW optical

waveform synthesizer: Toward gigawatt isolated attosecond pulses”, Science Advances 6, eaay2802, (2020).

. Y. Fu, K. Midorikawa, and E. J. Takahashi: “Dual-Chirped Optical Parametric Amplification: A method for generating super-intense

mid-infrared few-cycle pulses,” [EEE JSTQE 25, 8800413, (2019).

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

1.
2.

HERER, " LRBFEFRALRME BEZNFAA-I VT, EHEOHFE,71,169-173, (2020).
BEREMG " MRS NFRIALNBRE ZXF/\2— VBB ", £HEORE, 71,608-61, (2020).

(3) #31%:88 Invited Talks

1.

K. Midorikawa, “Generation of gigawatt isolated attosecond pulses by high-energy optical waveform synthesizer,” Advances in
Atomic, Molecular, and Optical Science 2020, Web Conference, Dec., (2020).

E. J. Takahashi, "High-energy mid-infrared femtosecond pulses for attosecond science”, The 22nd International Conference on
Ultrafast Phenomena (UP2020), virtual format. Nov., (2020).

E. J. Takahashi, “Multi-TW optical waveform synthesizer for gigawatt soft-x-ray isolated attosecond pulses”, CLEO/Pacic Rim
Conference 2020, virtual format, Aug., (2020).

E. J. Takahashi, “Dual-chirped optical parametric amplification for energy scaling of near-IR, mid-IR, and far-IR pulses”, Conference on
Lasers and Electro-Optics (CLEO), virtual format, May, (2020).

BERBE R X IESTERCRDIAE BR ", & 68 MiSANEFEETFINHEERS, 751,318 H,(2021).

BEREMR, " BAEN/ W ADREMEEIC K 2ZRFAA IV T EABRE", BSEAILY NOZI AARR, #5142, 28

22 H,(2021).
HEREG , " RIS BRI RIS IEMEE & Z) T/ 2 — /B8R, 4th RIKEN-RAP and QST-KPSI Joint Seminar, 7 >>1>,2 B3 8,
(2021).

BiERA, BRET MV ARERNY YA —0ORKE " sERE, L - -Z22FWH#EERE 4 BFERKR £ V71>,
1A 208, (2021).



10.
1.
12.

HERER, R, BN/ IV ADREEARESB LN FAA IV IBM " AV 2147 BFEGRFERB 2EAR, 12
B 23 8,(2020).

INzeE, " R ZOFH T 2R < 7 IEESRNFEEE , Web BA#E, 11 B 21 B ,(2020).

BERE(R , " BB/ VIV A DESZERHIE & Z DG 7, OPALS D=, 7>~ 54>,7 B 11 A, (2020).

BRERE(E, )13,  BELERIPICEIT B in situ REEHFAE & Z OFE ", BABRMBYS 877 AEN#EES, MLRE, 5 A
25 B, (2020).

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

1.

B VRY D LE 8B TAEFIFAE] —2FRFERIARORR— 450> ,389H,(2021).

HBEE D FiHEAZEF — L.~ Ultrafast Spectroscopy Research Team

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

1.

N

M. Ahmed, K. Inoug, S. Nihonyanagi, and T. Tahara: “Hidden isolated OH at the charged hydrophobic interface revealed by two-
dimensional heterodyne-detected VSFG spectroscopy”, Angew. Chem. Int. Ed. 59, 9498-9505, (2020).

P. Kumar, H. Kuramochi, S. Takeuchi, and T. Tahara: “Time-domain observation of surface-enhanced coherent Raman scattering with
10°-10° enhancement”, J. Phys. Chem. Lett. 11 6305-6311, (2020).

K. Kojima, R. Kurihara, M. Sakamoto, T. Takanashi, H. Kuramochi, X. M. Zhang, H. Bito, T. Tahara, and Y. Sudo: “Comparative studies of
the fluorescence properties of microbial rhodopsins: Spontaneous emission versus photointermediate fluorescence”, J. Phys. Chem.
B. 124,7361-7367, (2020).

R. Kotani, L. Liu, P. Kumar, H. Kuramochi, T. Tahara, P. Liu, A. Osuka, P. B. Karadakov, and S. Saito: “Controlling the S, energy profile by
tuning excited-state aromaticity”, J. Am. Chem. Soc. 142, 14985-14992, (2020).

H. Kuramochi, G. Aoyama, H. Okajima, A. Sakamoto, S. Kanegawa, O. Sato, S. Takeuchi, and T. Tahara: “Femtosecond polarization
switching in the crystal of a [CrCo] dinuclear complex”, Angew. Chem. Int. Ed. 59, 15865-15869, (2020).

R. Kimura, H. Kuramochi, L Pengpeng, T. Yamakado, A. Osuka, T. Tahara, and S. Saito: “Flapping peryleneimide as a fluorogenic dye
with high photostability and strong visible-light absorption”, Angew. Chem. Int. Ed. 59, 16430-16435, (2020).

K. Inoue, M. Ahmed, S. Nihonyanagi, and T. Tahara: “Reorientation-induced relaxation of free OH at the air/water interface revealed
by ultrafast heterodyne-detected nonlinear spectroscopy”, Nat. Commun. 11, 5344/1-7, (2020).

M. Iwamura, A. Fukui, K. Nozaki, H. Kuramochi, S. Takeuchi, and T. Tahara: “Coherent vibration and femtosecond dynamics of the
platinum complex oligomers upon intermolecular bond formation in the excited state”, Angew. Chem. Int. Ed. 59, 23154-23161,
(2020).

R. Kusaka, S. Nihonyanagi, and T. Tahara, “The photochemical reaction of phenol becomes ultrafast at the air-water interface”, Nat.
Chem. 13,306-311, (2021).

. W. Kim, S. Tahara, H. Kuramochi, S. Takeuchi, T. Kim, T. Tahara, and D. Kim: “Mode-specific vibrational analysis of exciton

delocalization and structural dynamics in conjugated oligomers”, Angew. Chem. Int. Ed. accepted., (2021).

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

1.

BHIBE , BERT, " EEDFORVBES EXRZ S5 A7 08 1 DFEAFHANOHE ", (tF , 75, 74-75, (2020).

(3) $B1%:8® Invited Talks

1.

T. Tahara, “Time-domain Raman spectroscopy: |. Concept & steady-state time-domain Raman”, International school on nonlinear
vibrational spectro-microscopy, Online, July, (2020).

T. Tahara, “Time-domain Raman spectroscopy: Il. Femtosecond time-resolved time-domain Raman”, International school on
nonlinear vibrational spectro-microscopy, Online, July, (2020).

HE KT, "7 L bREESBRINAKICE > THEONMEND F T2 Y DOSRGMERESL 1 F 27 XTHT BHF—HR
= A Unified View for Diverse ultrafast excited-state dynamics of microbial rhodopsins acquired by femtosecond time-resolved
absorption spectroscopy”, £ 43 I HAD FEMFEREFR , >0, 12 B 4 H, (2020).

T. Tahara, “Tracking ultrafast chemical reactions at the aqueous interface with femtosecond time-resolved HD-VSFG spectroscopy”,
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7th Asian Spectroscopy Conference, Online, December, (2020).

5. T.Tahara, “Three researches going on at MLS: What we wish to understand about Nature?”, A National Workshop on Fluorescence
and Raman Spectroscopy, Online, December, (2020).

6. P. Kumar, “Time-resolved time-domain Raman spectroscopy for studying the excited-state structural dynamics”, A National
Workshop on Fluorescence and Raman Spectroscopy, Online, December, (2020).

7. M. Ahmed, S. Nihonyanagi, and T. Tahara, “Probing ultrafast dynamics of water at aqueous interfaces with femtosecond two-
dimensional heterodyne-detected VSFG spectroscopy”, National Laser Symposium NLS-29, Online, February, (2021).

(4) F5EFiHFE .~ Patent Applications
1 HREBKE, BEAT, BHIE, OISR BAONEE. IHONES 57— 2B, BERE REEUEEE. HFLE. R
U7Os > L7, PCT/IP2021/006681,2021 &£ 2 B 22 H

(5) HEINEFE FEY IR (MEREL EDIBHEECE)  Topics

1. Angewandte Chemie International Edition, Vol. 59, No. 24,2021 &£ 6 B 8 H¥{T Inside Back Cover

2. Angewandte Chemie International Edition, Vol. 59, No. 51,2020 £ 12 B 14 H%{T Inside Back Cover
3. Nature Chemistry, Vol. 13, No. 4, 2021 £ 4 B 15 B¥1T Cover

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

(1) FREFR (accept) ZZ3L  Original Papers

1. N. Ohmae, F. Bregolin, N. Nemitz, and H. Katori: “Direct measurement of the frequency ratio for Hg and Yb optical lattice clock and
closure of the Hg/Yb/Sr loop”, Opt. Exp. 28, 15112, (2020).

2. M. Takamoto, I. Ushijima, N. Ohmae, T. Yahagi, K. Kokado, H. Shinkai, and H. Katori: “Test of general relativity by a pair of
transportable optical lattice clocks”, Nat. Photon. 14, 411, (2020).

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

1. ARIER, 84X ¥S 45—, 80FE " IS FRETORRE & RAICNDRE ", BFBEHRBEFREE, 103, 368-372, (2020).
2. WO, B HE, R FERET ", #EERIE , 58, 67-73, (2020).

3. EHSE, BEE " BEETEMHIINRY 22 FRMOERME ", ZFEEEZE, 63, (2020).

(3) 1B7FEEE  Invited Talks

1. BRER, "t/ 2—VU1—2Ya VXA EMET7+—FL FREE", t/2—VUa1—2 3V X EHiET7+—7 L, Online, 28

18 H, (2020).

BIFEE " AR FRETOE T ERZERERER 7, F 344 BRI FERMEREERHS, Online, 1 B 26 B, (2020).

FEF# , “Curiosity-driven 7 f TV XD 5 RAN ", BABFHA SR E RS, Online, 12 B 16 B , (2020).

EIWFE " BT~ RO H I B BEFET~ 7, % 16 [ I M ERFHETt = +—, Online, 10 B 31 B, (2020).

EANSE ,  AHRER TR EHC K BRRAN A Y ) — COMRKFRIREERER & AMSAICRIT T ", XERFEE 3 BfREAY 1T

>~ X#A7x,0nline, 10 B 12 B, (2020).

6. BIFHME, " ABFEEHDRFCREERBERER ", 27 1T 7+ — 5 L/ 6REMHEEZES (QKD. QMS), Online, 98 25H,
(2020).

7. H. Katori, “Transportable Optical Lattice Clocks to Test Gravitational Redshift”, OSA Quantum 2.0 Conference, Online, September,
(2020).

8. M. Takamoto, “Development of Transportable Optical Lattice Clocks and Test of General Relativity”, 2020 NCHU-RIKEN Workshop on
Devices and Materials, Online, August, (2020).

9. H. Katori, “Transportable Optical Lattice Clocks to Test Gravitational Redshift”, 51st Annual Meeting of the APS Division of Atomic,
Molecular and Optical Physics, Online, June, (2020).
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10. M. Takamoto, N. Ohmae, I. Ushijima, H. Katori, “Development of transportable optical lattice clocks for geodetic applications”, CLEO
2020, Online, May, (2020).



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

1.

International workshop on forefront optical lattice clocks, RERAFAMF v > /INR &F >S4 ,12 B3 H, (2020).

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

1.

N o kW

10.
11.
12.
13.
. Nature Photonics, “news & views “Earth-based clocks test general relativity””, 2020 & 6 B 26 H .
15.
16.

BiEER , "18 MR E D RIHEL R FRISTORFEICIH R THOH THRIN—RRAD AV ) — C—RBN R E R — ", 20205 4 B 6
H

HENBE , " RERES A AV U —BES 10EDD 47, ExMHIEERREIE ", 20206487 H
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BHFE, " TERACY ) —EEETIEREREOEHADRONDD G2 &AL RETOME ", 2020487 H

AT, " AAACV)—BER. KEIFPES JRFRETCREE " 2020648 7H

Forbes, “Three Hundred And Fifty Years Of Testing Gravity With Clocks: Einstein, Popper, And Jean Richer At The Tokyo Skytree”,
2020487 H

BAAREETE " BARRSEEORST ", 2020588 H

Bi#Z XTECH, " 8t > FE CTREORNDEVZ R B AEDO S FREHIFERE Z T DL ", 202058 15H

The Government of Japan [Twitter & Facebook], * AI#REIF AR FEFETODBES ", 2020 £ 5 B 16 H

Physics TODAY, “Search & Discover Transportable atomic clocks achieve laboratory precision”, 2020 & 6 B 4 H

BAREZEHRE, " &M, 202086 H10H

RIEERFE, " DTSt AR CREERE ", 20206 5 20 H

HE XTECH, " / —NVEEMOESHEERST. BAXTHADREAEZASH ", 2021 F1H29H
BREILY bOZ7X (2021 F3 A5)," BEROESREERSGT. MRORFZZEX 5N " 2021F2H520H

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

(1) FREFR (accept) ZZ3L  Original Papers

1.

D. Yamashita, H. Machiya, K. Otsuka, A. Ishii, Y. K. Kato: “Waveguide coupled cavity-enhanced light emission from individual carbon
nanotubes”, APL Photonics 6,031302, (2021).

N. Fang, K. Otsuka, A. Ishii, T. Taniguchi, K. Watanabe, K. Nagashio, Y. K. Kato: “Hexagonal boron nitride as an ideal substrate for
carbon nanotube photonics”, ACS Photonics 7, 1773, (2020).

(2) |8, YVRIVL, £XF—Zf  Meeting, Symposiums and Seminars

1.

tI—, NEESEE, RRAFAFZREBFZZAMERYEBEZERIELRTE , “Electronic Structure of 3D Graphene”, #15%, 1 B 26 H,
(2021).

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

(1) FREFR (accept) Z2E  Original Papers

1.

A. Murakami-Sekimata, M. Sekimata, N. Sato, Y. Hayasaka, and A. Nakano: “Deletion of PIN4 suppresses the protein transport defects
caused by sec12-4 mutation in Saccharomyces cerevisiae”, Microbial Physiol. 30:25-35, (2020).

A. Ikeda, P. Schlarmann, K. Kurokawa, A. Nakano, H. Riezman, and K. Funato: “Tricalbins are required for nonvesicular ceramide
transport at ER-Golgi contacts and modulate lipid droplet biogenesis”, iScience 23:101603, (2020).

S. Rodriguez-Gallardo, K. Kurokawa, S. Sabido-Bozo, A. Cortes-Gomez, A. lkeda, V. Zoni, A. Aguilera-Romero, A. M. Perez-Linero, S.
Lopez, M. Waga, M. Araki, M. Nakano, H. Riezman, K. Funato, S. Vanni, A. Nakano, and M. Mufiz: “Ceramide chain length-dependent
protein sorting into selective endoplasmic reticulum exit sites”, Sci. Adv. 6:eaba8237, (2020).

T. Kanazawa, H. Morinaka, K. Ebine, T. L. Shimada, S. Ishida, N. Minamino, K. Yamaguchi, S. Shigenobu, T. Kohchi, A. Nakano, and T.
Ueda: “The liverwort oil body is formed by redirection of the secretory pathway”, Nat. Commun. 11:6152, (2020).

39
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5.

S. Fujii, K. Kurokawa, T. Tago, R. Inaba, A. Takiguchi, A. Nakano, T. Satoh, and A. K. Satoh: “Sec71 separates Golgi stacks in Drosophila
S2 cells”, J. Cell Sci. 133:jcs245571, (2020).

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

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

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

1.

K. Kurokawa and A. Nakano: “Live-cell imaging by super-resolution confocal live imaging microscopy (SCLIM): simultaneous three-
color and four-dimensional live cell imaging with high space and time resolution”, Bio-protocol 10:23732 (2020).

225, ZAKE, PEFEEZ " BRIRS 1 T4 A= 2 JBEME SCLIM OREFE & SCLIM DZEBAD 54 T4 X =TIV JIck
BRI BEIXEEORER ", L—Y—38, 49:271-275 (2021).

(3) #31%:88 Invited Talks

1.

A. Nakano, “Golgi and next-door neighbors - a comparative view of yeast, plant and animal cells”, Subgroup Session on Mechanisms
and Regulation of Membrane Trafficking, CELL BIO virtual 2020 (Online ASCB | EMBO Meeting) , December (2020).

22, "4D AT A=YV JlckZ/hialk, JIVIERORBRER VN EEXEEORA", Y VRITL "R EELA LI
A BB LAV OFIEEED SEE L NIVOEBEEEE T, 8 B BIHAE(FERKR, 754>, 9816 H (2020) .
PERER, " EAEARICHIIIERELA I TIVR", 7= 3y T "FIVARS QC —MNBREDELEOEEMEE", 5
43 EIRARFEMFRFR, 754>, 128 2H (2020) .

hEFREE ,  MIRENEREDB SR EMDMREES 1 T4 A=V 7", IRS T7+—2 L, B 43 EBADFENFERER, #71,
128 2H (2020) .

FEHER, " HFBEBICHITS SV ROIVIRBOBRAL AT I IR B2 EWNFIVARSTT—0>av T, #3534, 38
138 (2021) .

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

1.

B2EIBRTHRETRT — V> av S, A5 >,2 B 248 (2021).

(5) F¥EFiHFE .~ Patent Applications

1.

ERAKE, PHFHEE, " T —2ETEE. BBV AT LBLUT -2 ERAE GREFMICEDSFEAMET IV A1 -3
) ", REFES 6681068, 2020 £ 3 A 25 H sREE

(6) WEIANEFRHE - PEY IR (MEREL EDIGHEESHE)  Topics

1.

787K 5 M Nature Communications 58X HY, <+ —7 /L@ Editors’ Highlights ITZEIENE LTz,
(https://www.nature.com/collections/jgjcebchgg)

SN FHRATAZF — L Biotechnological Optics Research Team

(1) FESRX (accept) Z3E . Original Papers

1.

2.

K. Kayamori, Y. Nagai, C. Zhong, S. Kaito, D. Shinoda, S. Koide, W. Kuribayashi, M. Oshima, Y. Nakajima-Takagi, M. Yamashita, N.
Mimura, H.J. Becker, K. Izawa, S. Yamazaki, S. lwano, A. Miyawaki, R. Ito, K. Tohyama, W. Lennox, J. Sheedy, M. Weetall, E. Sakaida, K.
Yokote, A. lwama; “DHODH inhibition synergizes with DNA-demethylating agents in the treatment of myelodysplastic syndromes”
Blood Adv., 5 (2) :438-450, (2021).

C. Zhong, K. Kayamori, S. Koide, D. Shinoda, M. Oshima, Y. Nakajima-Takagi, Y. Nagai, N. Mimura, E. Sakaida, S. Yamazaki, S. lwano, A.



Miyawaki, R. Ito, K. Tohyama, K. Yamaguchi, Y. Furukawa, W. Lennox, J. Sheedy, M. Weetall, A. lIwama: “Efficacy of the novel tubulin
polymerization inhibitor PTC-028 for myelodysplastic syndrome” Cancer Sci., 111 (12) :4336-4347, (2020).

S. Chen, L. He, A.J.Y. Huang, R. Boehringer, V. Robert, M.E. Wintzer, D. Polygalov, A.Z. Weitemier, Y. Tao, M. Gu, S.J. Middleton, K.
Namiki, H. Hama, L. Therreau, V. Chevaleyre , H. Hioki, A. Miyawaki, R.A. Piskorowski, T.J. McHugh: “A hypothalamic novelty signal
modulates hippocampal memory” Nature, 586 (7828) :270-274, (2020).

Y. Kono, T. Ishizawa, N. Kokudo, Y. Kuriki, R.J. Iwatate, M. Kamiya, Y. Urano, A. Kumagai, H. Kurokawa, A. Miyawaki, K. Hasegawa: “On-
Site Monitoring of Postoperative Bile Leakage Using Bilirubin-Inducible Fluorescent Protein” World J Surg., 44 (12) :4245-4253, (2020).
N. Kinoshita, A.J.Y. Huang, T.J. McHugh, A. Miyawaki, T. Shimogori “Diffusible GRAPHIC to visualize morphology of cells after specific
cell-cell contact” Sci. Rep., 10 (1): 14437, (2020).

T.M. Takahashi, G.A. Sunagawa, S. Soya, M. Abe, K. Sakurai, K. Ishikawa, M. Yanagisawa, H. Hama, E. Hasegawa, A. Miyawaki, K.
Sakimura, M. Takahashi, T. Sakurai: “A discrete neuronal circuit induces a hibernation-like state in rodents” Nature, 583 (7814): 109-
114, (2020).

H. Katayama, H. Hama, K. Nagasawa, H. Kurokawa, M. Sugiyama, R. Ando, M. Funata, N. Yoshida, M. Homma, T. Nishimura,
M. Takahashi, Y. Ishida, H. Hioki, Y. Tsujihata, A.Miyawaki: “Visualizing and Modulating Mitophagy for Therapeutic Studies of
Neurodegeneration.” Cell,181(5):1176-1187, (2020).

N. Kitada, R. Saito, R. Obata, S. Iwano, K. Karube, A. Miyawaki, T. Hirano, S.A. Maki: “Development of near-infrared firefly luciferin
analogue reacted with wild-type and mutant luciferases” Chirality, 32 (7): 922-931 (2020).

S. Furukawa, A. Nagamatsu, M. Nenoi, A. Fujimori, S. Kakinuma, T. Katsube, B. Wang, C. Tsuruoka, T. Shirai, A.J. Nakamura, A. Sakaue-
Sawano, A. Miyawaki, H. Harada, M. Kobayashi, J. Kobayashi, T. Kunieda, T. Funayama, M. Suzuki, T. Miyamoto, J. Hidema, Y. Yoshida,
A. Takahashi: “Space Radiation Biology for “Living in Space”. Biomed Res Int., 4703286. (2020).

(2) $81%:88  Invited Talks

1.
2.

ERHE , BEAF AR, B 56 TEFAREER IOV S LI F—1 501,10 8 12 B, (2020).

Atsushi Miyawaki, “The real thill of bioimaging after a phantom FRET”, INAUGRALROGER TSIEN CELL SIGNALING DISTINGUISHED
LECTURE, San Diego(Web), January, (2021).

EREE, B 119 EAREBERFRMER, Web,6 B 7 8, (2020).

EREE " MERAHZRARILT BcdDRA X —2 7 Tl ", BAMBRAHTES  #E (web),11 A 13 H ,(2020).

5. BRHEEE - R - MEEZBELRKIM " RREMERAE KZEREH#EE, web, 1 26 8, (2021) .

[E]

{RIERUNIBAZTF — L Image Processing Research Team

(1) &SR (accept) Z3 L Original Papers

1.

N. Yamashita, M. Morita, H. Yokota, and Y. Mimori-Kiyosue: “Digital Spindle: A New Way to Explore Mitotic Functions by Whole Cell
Data Collection and a Computational Approach”, Cells, Vol. 9(5), 1255, (2020).

M. Umezawa, T. Sera, H. Yokota, M. Takematsu, M. Morita, G. Yeroslavsky, M. Kamimura, and K. Soga: “Computed tomography for in
vivo deep over - 1000nm near - infrared fluorescence imaging”, Journal of Biophotonics, (2020).

K. Fujisaki, N. Yamashita, H. Yokota: “Multipoint indentation for material identification in three-dimensional observation based on
serial sectioning”, Precision Engineering, Vol. 69, pp. 62-67, (2021), DOI: 10.1016/j.precisioneng.2021.01.005

R. Ando, T. Matsuno, T. Matsuda, N. Yamashita, H. Yokota, K. Goto, |. Watanabe: “Analysis of nano-hardness distribution near the
ferrite-martensite interface in a dual phase steel with factorization of its scattering behavior”, ISIJ International, Vol. 61, No. 1, pp.
473-480, (2021), DOI: 10.2355/isijinternational.ISINT-2020-546 (Translated Paper from Tetsu to Hagne 2020).

ZEBEWE, WHR WHAMF LTHRES, #EFX BEREN EEFZ:'Dual PhasellcHIT 2754~ <ILT Y
A4 MNREABEOSF /BEDHEEZDONTDERF", $k &8, Vol. 106, No. 12, p. 944-952, (2020), DOI:10.2355/tetsutohagane.
TETSU-2020-037.

T. Matsuno, R. Ando, N. Yamashita, H. Yokota, K. Goto, |. Watanabe: “Analysis of preliminary local hardening close to the ferrite-
martensite interface in dual-phase steel by a combination of finite element simulation and nanoindentation test”, International
Journal of Mechanical Sciences, Vol. 180, No.15, 105663, (2020), DOI:10.1016/j.ijmecsci.2020.105663.

R. Sakaguchi, T. Shiraiwa, P. Chivavibul, T. Kasuya, M. Enoki, N. Yamashita, H. Yokota, Y. Matsui, A. Kazama, K. Ozaki, H. Takamatsu:
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20.

“Multiscale Analysis of MnS Inclusion Distributions in High Strength Steel”, ISUJ International, Vol. 60, No. 8, pp.1714-1723, (2020),
DOI: 10.2355/isijinternational.ISIJINT-2019-739.

N. Yamashita, M. Morita, H. Yokota, and Y. Mimori-Kiyosue: “Digital Spindle: A New Way to Explore Mitotic Functions by Whole Cell
Data Collection and a Computational Approach”, Cells, Vol.9, No.5, 1255, (2020), DOI: 10.3390/cells9051255.

M. Yamamoto,,S. Oyama,S. Otsuka,et al.: “Experimental pilot study for augmented reality-enhanced elbow arthroscopy”, Sci Rep 11,
4650, (2021), https://doi.org/10.1038/s41598-021-84062-7.

. G. An, M. Akiba, K. Omodaka, T. Nakazawa, H. Yokota: “Hierarchical deep learning models using transfer learning for disease

detection and classification based on small number of medical images”, Scientific Reports, 10.1038/541598-021-83503-7.

. J. Inoue, M. Okada, H. Nagao, H. Yokota, Y. Adachi: “Development of Data-Driven System in Materials Integration”, MATERIALS

TRANSACTIONS 61(11):2058-2066, November, (2020), DOI:10.2320/matertrans.MT-MA2020006.

. D. Sato, T. Takamatsu, M. Umezawa, Y. Kitagawa, K. Maeda, N. Hosokawa, K. Okubo, M. Kamimura, T. Kadota, T. Akimoto, T. Kinoshita,

T. Yano, T. Kuwata, H. lkematsu, H. Takemura, H. Yokota, K.Soga: “Distinction of surgically resected gastrointestinal stromal tumor by
near-infrared hyperspectral imaging”, December, (2020), Scientific Reports 10(1), DOI: 10.1038/541598-020-79021-7.

. S.Kimura , S. Miura, T. Sera , H. Yokota , K. Ono , D. J. Doorly , R. C. Schroter, G. Tanaka: “Voxel-based simulation of flow and

temperature in the human nasal cavity”, Computer Methods in Biomechanics and Biomedical Engineering, https://doi.org/10.1080/
10255842.2020.1836166.

. T. Kitrungrotsakul, X.-X Han, Y. Iwamoto, S. Takemoto, H. Yokota, S. Ipponjima, T. Nemoto, X. Wei, and Y.-W. Chen: “An end-to-end

CNN and LSTM network with 3D anchors for mitotic cell detection in 4D microscopic images and its parallel implementation on
multiple GPUs”, Neural Computing and Applications, Vol. 32, pp. 5669-5679, (2020).

. K. Omodaka, S. Fujioka, G. An, T. Udagawa, S. Tsuda, Y. Shiga, S. Morishita, T. Kikawa, K. Pak, M. Akiba, H. Yokota, and T. Nakazawa:

“Structural Characterization of Glaucoma Patients with Low Ocular Blood Flow”, Current Eye Research, (2020).

. T. Matsuno, R. Ando, N. Yamashita, H. Yokota, K. Goto, |. Watanabe: “Analysis of preliminary local hardening close to the ferrite—

martensite interface in dual-phase steel by a combination of finite element simulation and nanoindentation test”, International
Journal of Mechanical Sciences, 180, (2020), 105663, DOI:10.1016/j.ijmecsci.2020.105663.

. T.Sera, S. Higa, Y. Zeshu. K. Takahi, S. Miyamoto, T. Fujiwara, H. Yokota, S. Sasaki, S. Kudo: “A metabolic reaction-diffusion model

for PKC a translocation via PIP2 hydrolysis in an endothelial cell”, Biochem J ,(2020) 477 (20): 4071-4084. https://doi.org/10.1042/
BCJ20200484.

. Y. - H.Chang, H. Yokota, K. Abe, M.-D. Tasi, S. - L. Chu: “Automatic three - dimensional segmentation of mouse embryonic stem

cell nuclei by utilizing multiple channels of confocal fluorescence images”, Journal of Microscopy 281(1), July (2020), DOI:10.1111/
jMi.12949.

. T. Kitrungrotsakul, Y. lwamoto, S. Takemoto, H. Yokota, S. Ipponjima, T. Nemoto, L. Lin, R. Tong, J. Li, YW. Chen: “Accurate and

fast mitotic detection using an anchor-free method based on full-scale connection with recurrent deep layer aggregation in 4D
microscopy images.” BMC Bioinformatics, 22(1):91, (2021).

T. Kitrungrotsakul, XH. Han, Y. Iwamoto, S. Takemoto, H. Yokota, S. Ipponjima, T. Nemoto, W. Xiong, YW. Chen: “An end-to-end CNN
and LSTM network with 3D anchors for mitotic cell detection in 4D microscopic images and its parallel implementation on multiple
GPUs.” Neural Comput & Applic, 32, 5669-5679, (2020).

(2) #B1F:88  Invited Talks

1.

IS |, HEFK, "3 RoTREMEERMERZ A UV B EERD 3 Rotstll ", BAIFRIRIERE RS 2020 FEE 2 [@ AE HRFIEE
KREM, pp.9-10, (2021).

(3) 2, YVKRIVL,£ZF—EM#  Meeting, Symposiums and Seminars

1.

BEIF2 NERET /LT XLV 7R i, URL: alcon.itlab.org, (2020).

(4) F5EFiHFE .~ Patent Applications

1.

RS, BATEY  BHE, 7o)V Y FFy URSH Y RE, FEE, E) R, SEEK, FHXE, BROEY T L, B
BIVO—4 , ERTI—4 , BIRIES AR UEGRIET O S L7, 558 2021-028581,2021 ££3 5 25 H

RS RYTEY  BHE, TV Y FFYURSY Y RE, EBME, E) KL, BREEX, FEHKHE, " BRTS(LEE 'R
RELAE, BRESLER, RUBESRESLAZE ", £ 2021-028534,2021 A3 A 25 H



3.

RS, BB EY BB, TV Y FFYy URSY Y RE HEE, )R BEEX, FHEXE,  BGFSEE, EfR
FELhE, BFESEE, RUBEGESLSE " F5HE 2021-028459, 2021 £3 B 25 H

FFHXAE, MASX , " ERLEBEE  BRILVESZE, ROBGUETOT S L HFHEBIC L 5RMBROEEHZEM LS Y 24 LY
V7)) g KRR 2020-170261,2020 £ 10 B 8 H

WHEBEZ , FELER , FFH%ME, KEIBRE, RETEEE I AT L REEEEEHFES SOREBEEAE 7O > L7, F5FE 2021-
013755,2021 1B 29 H

7 + b R EEERIZEF — L. Innovation Photon Manipulation Research Team

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

1.

M. Bejide, Y. Li, N. Stavrias, B. Redlich, T. Tanaka, V. D. Lam, N. T. Tung, and E. Janssens: “Transient transmission of THz metamaterial
antennas by impact ionization in a silicon substrate,” Opt. Exp. 29, 170-181, (2020).

C. Olaya, N. Hayazawa, N. Hermosa, and T. Tanaka: “Angular Goos-Hanchen shift sensor using gold film enhanced by surface
plasmon resonance,” J. Phys. Chem. A 125, 451-458, (2021).

H. Tsai, C. Chen, T. Chen, D. Tsai, T. Tanaka, and T. Yen: “Realization of Negative Permeability in Vertical Double Split-Ring Resonators
with Normal Incidence,” ACS Photon. 7, 3298-3304, (2020).

T. Fujita, Y. Takeuchi, K. Yamaguchi, T. Yano, T. Tanaka, and N. Takeyasu: “Comparison of hot carrier generation between self-
assembled gold and silver nanoparticle arrays tailored to the same hybrid plasmon resonance,” J. Appl. Phys. 128, 123104, (2020).

T. lida, A. Ishikawa, T. Tanaka, A. Muranaka, M. Uchiyama, Y. Hayashi, and K. Tsuruta: “Super-chiral vibrational spectroscopy with
metasurfaces for high-sensitive identification of alanine enantiomers,” Appl. Phys. Lett. 117, 101103, (2020).

D. Zhang, B. Ranjan, T. Tanaka, and K. Sugioka: “Multiscale hierarchical micro/nanostructures created by femtosecond laser ablation
in liquids for polarization-dependent broadband antireflection,” Nanomaterials 10, 1573, (2020).

Y. Takeuchi, A. Violas, T. Fujita, Y. Kumamoto, M. Modreanu, T. Tanaka, K. Fujita, and N. Takeyasu: “Hot Carrier Generation in Two-
Dimensional Silver Nanoparticle Arrays at Different Excitation Wavelengths under On-Resonant Conditions,” J. Phys. Chem. C 124,
13936-13941, (2020).

T. Le, A. Morita, and T. Tanaka, “Refractive index of nanoconfined water reveals its anomalous physical properties,” Nanoscale
Horizons 5, 1016-1024 (2020).

W. Kubo, Y. Ogata, J. Frame, T. Tanaka, and X. Fang: “Polarization-dependent phase transition temperature in plasmonic thin films,”
Jpn. J. Appl. Phys. 59, 052001, (2020).

. T. Suichi, A. Ishikawa, T. Tanaka, Y. Hayashi, and K. Tsuruta: “Whitish daytime radiative cooling using diffuse reflection of non-

resonant silica nanoshells,” Sci. Rep. 10, 6486, (2020).

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

1.
2.

HHRIRE , " KA ZT U TILEFRIASH ", O plus E 43,1, pp. 21-25, (2021).
KBRS, \WOB=, MASEL, BOKS , BHRES, " TS REZIREALITFUTIVTHRCERAMLED 74 FZ4 X, 47+
=% 2 39,105-110, (2020).

(3) $B1#:E®  Invited Talks

1.
2.
3.

BPRS , " HAZIT VT IV RV FEFEWE B 2308 SRR L B, #E,2 826 B, (2021).

HFHRSE " A 2T U7 VRIS & SRED YR ", D FRFMEFR SRR FMESEFMER, Online, 2 517 H, (2021).
HBPES, " AEZITUT7IV, BRF T AA POZV AGREIF— ERHSLKHDD [ /BEONFE ] AP, BRRER
f8, ®®,18228,(2021).

HHES " AT U7 IV BV ERERNDIE " L—F—%% (Online), 1 B 21 B, (2021).

HFRHES " A2 TUTIVEFRARK " E1TETSXEZV AV VRI T (Online), 1 B 11 H, (2021).

HPRS , " A 27U 7 )VRIAE BREDEENDRE ", £ 241 8 BRI L7 A= 7 AMEHES (Online), pp. 21-28, 11 A
30 B, (2020).

HHES, " HAZITIT7IVEZDISA " 2020 FEFBHREEFRYV T IT A K2 F/ 74 F 27 ADO&KFHE (Online), 9 A 16 H,
(2020).
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8. T.Yano and T. Tanaka, “Non-plasmonic nanoantenna and metasurface for field-enhanced spectroscopy beyond the plasmonic limit,”
SPIE Optics+Photonics 2020, San Diego, CA, August 26, (2020).

9. T.Yano and T. Tanaka, “Multimodal tip-enhanced spectroscopy for nanoscale analysis and imaging”, SPIE Optics+Photonics 2020,
San Diego, CA, August 25, (2020).

10. T.Tanaka, “Metamaterials for ultrasensitive IR spectroscopy,” SPIE Optics+Photonics 2020, San Diego, CA, August 25, (2020).

1. BHRSE " A2 7U7IVEIE " BBREEEBA 2T )7 )Via= (Closed), #2EH, B4 F8,7 A 21 H,(2020).

12. BHRIRSE " HAZITUTIVEZDIGA ", 8 45 [E FF > 2RI L (held on-line), RRAZEEERMBAZEAT, 6 B 26 H , (2020).

(4) F5EFiHFE .~ Patent Applications
1. HRSE, " MEORH T\ R 7, 5558 2020-211894, 2020 £ 12 B 21 B

(5) WEINEFRE - PEY IR (MEREL EDIBHEESHE)  Topics

1. HPHES, " UHFDBEOREM LSOV MAERDEM EEICEL ", SABHHE A)I Wk 87 25%, 2021428 13 8
2. HPEB,"TIVIZULOS /EERT T8] &5 ", Yano Eplus, 2020 £ 11 B 15 H

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

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

1. S.Bai, D. Serien, Y. Ma, K. Obata, and K. Sugioka: “Attomolar Sensing Based on Liquid Interface-Assisted Surface-Enhanced Raman
Scattering in Microfluidic Chip by Femtosecond Laser Processing”, ACS Appl. Mater. Interfaces 12, 42328-42338, (2020).

2. F.Sima, H. Kawano, M. Hirano, A. Miyawaki, K. Obata, D. Serien, and K. Sugioka: “Mimicking Intravasation-Extravasation with a 3D
Glass Nanofluidic Model for the Chemotaxis-Free Migration of Cancer Cells in Confined Spaces”, Adv. Mater. Technol. 5, 2000484,
(2020).

3. B.Xu,S.Ji,D.Pan, W. Huy, S. Zhu, Y. Hu, J. Li, D. Wu, J. Chu, and K. Sugioka: “Hybrid femtosecond laser fabrication of a size-tunable
microtrap chip with a high-trapping retention rate”, Opt. Lett. 45, 1071-1074, (2020).

4. A. Dostovalov, K. Bronnikov, V. Korolkov, S. Babin, E. Mitsai, A. Mironenko, M. Tutov, D. Zhang, K. Sugioka, J. Maksimovic, T. Katkus,
S. Juodkazis, A. Zhizhchenkoc, and A. Kuchmizhak: “Hierarchical anti-reflective laser-induced periodic surface structures (LIPSSs) on
amorphous Si films for sensing applications”, Nanoscale 12, 13431-13441, (2020).

5. C.Zhang, J. Zhang, R. Chen, J. Li, C. Wang, R. Cao, J. Zhnag, H. Ye, H. Zhai, and K. Sugioka: “Rapid fabrication of high-resolution multi-
scale microfluidic devices based on the scanning of patterned femtosecond laser”, Opt. Lett. 45, 3929-3932, (2020).

6. D.Zhang, B. Ranjan, T. Tanaka, and K. Sugioka: “Multiscale hierarchical micro/nanostructures created by femtosecond laser ablation
in liquids for polarization-dependent broadband antireflection”, Nanomaterials 10, 1573, (2020).

7. D.Zhang, L. C. Wu, M. Ueki, Y. Ito, and K. Sugioka: “Femtosecond laser shockwave peening ablation in liquids for hierarchical micro/
nanostructuring of brittle silicon and its biological application”, Int. J. Extrem. Manuf. 2, 045001, (2020).

8. F.Jipa, S. Orobeti, C. Butnaru, M. Zamfirescu, E. Axente, F. Sima, and K. Sugioka: “Picosecond laser processing of photosensitive glass
for generation of biologically relevant microenvironments”, Appl. Sci. 10, 8947, (2020).

9. K. Obata, F. Caballero-Lucas, and K. Sugioka: “Material Processing at GHz Burst Mode by Femtosecond Laser Ablation”, J. Laser Micro
Nanoeng. Accepted.

10. /MEZRER, A/NNY O VAR TZVERYT , ERER," 7L MLV EBAWGHz \—R M E—F7TL—>a> ", L—H
INIE &5 28, 27-32, (2021).

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

1. A.Huy,R. LjS.Bai, Y. Yu, W. Zhou, D. Bridges, Y. Bao, and L. Zhang, “Introduction to laser micro-to-nano manufacturing”, A. Hu (Ed.),
Laser Micro-Nano-Manufacturing and 3D Microprinting, (Springer, Switzerland) p. 1-74, (2020).

2. J.Xu, F. Sima, and K. Sugioka, “Femtosecond laser direct writing for 3D microfluidic biochip fabrication”, A. Hu (Ed.), Laser Micro-
Nano-Manufacturing and 3D Microprinting, (Springer, Switzerland) p. 247-272, (2020).

3. D.Serien, and K. Sugioka, “Laser Printing of Biomaterials”, K. Sugioka (Ed.), Handbook of Laser Micro- and Nano-Engineering, (Springer,
Cham.), p. 1-32, (2021).



4. J.Xu, Y. Cheng, and K. Sugioka, “Basic optics and diagnostics apparatus for ultrashort pulse laser micro/nanoprocessing”, K. Sugioka
(Ed.), Handbook of Laser Micro- and Nano-Engineering, (Springer, Cham.) p. 1-14, (2021).

5. S.Bai and K. Sugioka, “Recent advances in the fabrication of highly sensitive surface-enhanced Raman scattering substrates:
nanomolar to attomolar level sensing”, Light Adv. Manuf. Accepted.

6. D.Zhang, L. Zhuguo, and K. Sugioka, “Laser ablation in liquids for nanomaterial synthesis: diversities of targets and liquids”, J. Phys.
Photonics Accepted.

. ¥EER, “LASE 2020 #R4% ", Photonics West 2020 3R&EE (7 bO= 7 A4, ®HR) ,4-13,(2020) .

8. FHEZTERXR,"27 L—YMINTFOHGZEME: 27.1 (ZCHIC”, 2019 FENEERMICEAT 2HREE () AEFXERMREGSR)
p.168-171, (2020).

9. EHE=ER,"27 L—FNINTFOHHE:ME: 273 BHWIT", 2019 FENEXREMICEAT 2REE () AEERTTRERRR)
p.195-196, (2020).

10. MEZERXR," 27z LML —INTICKZEREE 3 RTT A 7 Q7K SERS © U —DBIR ", Jeifiid> 2 7 + 58, 36-40, (2020).

(3) 1B#F5BE  Invited Talks

1. K. Sugioka, “Advanced femtosecond laser 3D micro/nanoprocessing”, Int. Symp. on Laser Precision Microfabrication (LPM 2020),
Digital Forum, June, (2020). Plenary talk

2. K. Sugioka, “Advanced femtosecond laser micro and nanoprocessing”, Int. Meeting on Nonlinear Optics and Photonics, Digital
Forum, June, (2020). Keynote talk

3. K. Sugioka and F. Sima, “3D glass nanofluidics fabricated by femtosecond laser processing for study on tumor progression”, SPIE Int.
Conf. on Microfluidics, BioMEMS, and Medical Microsystems XVIII, Digital Forumd, March, (2021).

4. S.Bai, and K. Sugioka, “Glass microfluidic SERS chip fabricated by hybrid femtosecond laser processing for Attomolar sensing and
DNA discrimination”, SPIE Int. Conf. on Laser-based Micro- and Nanoprocessing XV, Digital Forum, March, (2021).

5. K. Obata, S. Bai, and K. Sugioka, “Additive and subtractive manufacturing process by hybrid laser material processing”, SPIE Int. Conf.
on Advanced Fabrication Technologies for Micro/Nano Optics and Photonics XIV, Digital Forumd, March, (2021).
EREER," L—YIMISFOREHSIA ", HSH 2 FXAEERMRREGRCERSREIS—, 7542, 10 A, (2020).
IMEZARER, HN\Y O VAR 75 VERY  ERFER, "GHz \—A M E—RIT&BZ 7z L ML—H—IIT ", 5 94 B L —HmMT
FREEER, Web 258,11 A, (2020).

8. MEZXRER, AN\VIO VAR TIVERY , EEER, "GHZ \—ZA M E—FITKBZ 7L ML —INIT L Z0EE ", 12
FEZTHEMMEN O AMRRE 4 BIFARIRS , Web 238,12 A, (2020).

9. /WNEZEXKER, H/\YV IO IWWAR TIVEARY , EAZER, "GHz/\—A M E—RFT7z LML —7FOtRIcKBHEMNI", L—
Y —R2FMEERE 41 IERKE , Web R5%, 1 A, (2021).

10. =R ," 7T LML= —3RXTMIEISA ", 7+ b 27 AFEM 7 +—> L5 5 23, Web 25 , 3 B, (2021).

(4) |E. YVKRIIL, ©ZF—F#  Meeting, Symposiums and Seminars
1. Nano Manufacturing Conference in 30th Int. Cong. on Applications of Lasers & Electro-Optics (ICALEO 2020), Web Forum, Oct., (2020).

(5) ¥¥EFHEE ~ Patent Applications
1. FE=R, BaiShi," S VEELDYCRAEEBS LU S VEELYEE ", 2020-103730,2020 6 B 16 H

(6) HEINERE FEY IR (MEREL EDIBHEECE) . Topics

1. D, Zhang and K. Sugioka, Opto-Electronic Advances 2019/2020 Best Paper Award &

2. K. Sugioka, Light: Science & Applications 2019 Top Downloaded Paper Award &

3. K.Sugioka, The Int. J. Extreme Manuf. Outstanding Paper Award &

4. D.Serien, ERF M T ERE for “Fabrication of pure three dimensional proteinaceous microstructures by femtosecond laser
cross linking” 28

5. D.Zhang, B. Ranjan, T. Tanaka, and K. Sugioka, Outstanding Paper Award of International Journal of Extreme Manufacturing in 2020
%8

6. K. Sugioka, Best Editor Award of International Journal of Extreme Manufacturing in 2020 2 &
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TIN\IVYIEERRF— L~ Tera-Photonics Research Team

(1) FREFR (accept) ZZ3L  Original Papers

1. Y. Huang, A. Kosugi, Y. Naito, Y. Takida, H. Minamide, K. Hane, and Y. Kanamori: “Improvement in THz light extraction efficiencies
with antireflection subwavelength gratings on a silicon prism”, Jpn. J. Appl. Phys., Vol. 60, No. SC, SCCL04, Mar., (2021).

2. T. Notake, T. lyoda, T. Arikawa, K. Tanaka, C. Otani and H. Minamide: “Dynamical visualization of anisotropic electromagnetic re-
emissions from a single metal micro-helix at THz frequencies”, Scientific Reports, 11, Article number: 3310, pp. 1-7, 8th of Feb. (2021).

3. Y. Takida*, K. Nawata* and H. Minamide: “Security screening system based on terahertz-wave spectroscopic gas detection”, Opt.
Express, Vol. 29, Issue 2, pp. 2529-2537, 18 Jan., (2021). (*equal contribution).

4. S.Ohno, Y. Tokizane, J. Shikata and H. Minamide: “Phase and Direction Control of a Terahertz Wave Propagating in a Waveguide
Coupled With a Bull's-Eye Structure”, URSI RADIO SCIENCE LETTERS, VOL. 2, (2020).

5. Z.Han, S. Ohno and H. Minamide: “Spectral phase singularity in a transmission-type double-layer metamaterial”, Optica, Vol. 7, No.
12, pp.1721-1728, December 7, (2020).

6. Y.Huang, K. Nakamura, Y. Takida, H. Minamide, K. Hane and Y. Kanamori: “Actively tunable THz filter based on electromagnetically
induced transparency analog hybridized with a MEMS metamaterial”, Sci. Rep. 10, 20807 30. Nov., (2020).

7. H.Takeda, H. Yoshioka, H. Minamide, Y. Oki and C. Aadachi: “0.5-4.5 THz band terahertz spectroscopy of thermally activated delayed
fluorescence molecules”, Optics Communications, Vol. 476 Article Number: 126339, pp1-8, Dec., (2020).

8. H. Minamide, K. Nawata and Y. Takida: “Leading-edge terahertz-wave parametric sources and their applications”, Proc. SPIE 11499,
Terahertz Emitters, Receivers, and Applications XI, 1149904,20 August, (2020).

9. Y. Takida, S. Suzuki, M. Asada and H. Minamide: “Sensitive terahertz-wave detector responses originated by negative differential
conductance of resonant-tunneling-diode oscillator”, Appl. Phys. Lett., Vol. 117, Issue 2, 021107, (2020).

10. J. Shikata, S. Ohno, and H. Minamide: “Terahertz-wave generation from surface phonons at forbidden frequencies of lithium
niobate”, IEICE Electron. Expr., Vol. 17, No. 11, pp.1-5, (2020).

11. Y. Takida, K. Nawata, and H. Minamide: “Injection-seeded backward terahertz-wave parametric oscillator”, APL Photonics, Vol. 5,
Issue 6,061301, (2020).

(2) EE - @85 & Book Editions, Review Papers
1. (KeER) REFHE " JHABERMANDGELN ST IV YRS ", 72 VI > I =¥ 125, vol65, No. 12, pp.770-775,12 B ,
(2020)

(3) 1B1¥58® . Invited Talks

1. H. Minamide and K. Nawata, “Extreme Terahertz-wave Parametric Oscillator And Its Application”, 45th International Conference on
Infrared, Millimeter and THz waves (IRMMW-THz 2020), Online, Nov. 13, (2020).

2. T.Negoro, T. Saito, T. Hosotani, T. Otsuji, Y. Takida, H. Ito, H. Minamide and A. Satou, “Gate-readout of photovoltage from a grating-
gate plasmonic THz detector”, 45th International Conference on Infrared, Millimeter and THz waves (IRMMW-THz 2020), Online, Nov.
13, (2020).

3. H. Minamide, K. Nawata and Y. Takida, “Leading-edge terahertz-wave parametric sources and their applications”, SPIE Optical
Engineering + Applications, 2020, (20 August 2020).

4. MERE, " SEAEAT INVYENROREELNBISA ", L—F—E2RFMHEERE 41 BEXAR, £ >74>, 1B 19H,
(2021 &)

5. mERE, " FREBICLAEFERREERT SNIVYHEORREERER ", E5E7 4+ IV XT—02 3 v S TROZRMEER
KRB A4 ,12820H,(2020 F)
MHEE, " BBE  RRIUZET INVYIENRORRE ", I RAMARREBER NV -7 av T , 754> ,1281H,(2020 %)
ERERR, ARSKRIDE, BEE, HAKE, MARE REGE FELE, mERE BiR— " “RT/SXEVERLTHz
TATIROFER", ¥ VRI VL TINVYBEORSIEVI, Inv3, 72542 ,11 B19H, (2020 F)

(4) ¥5EF1FE ~ Patent Applications
1. KEHE BERE, FRIK, " BROEAIEER. BROEHIESE RUERCRERE ", K578 2020-030068, 202042 A 26 H



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

(1) FREFR (accept) ZZ3L  Original Papers

1.

2.

20.

21.

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

H. Hoshina, S. Yamazaki, M. Tsubouchi and M. Harata: “Terahertz irradiation effects on the morphology and dynamics of actin
biopolymer”, J. Phys., submitted, (2020).

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

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

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

T. Noguchi, S. Mima and C. Otani: “Contribution of residual quasiparticles to the characteristics of superconducting thin-film,
resonators”, IEEE Trans. Appl. Supercond. vol. 31, 2400205, (2021).

R. Smith, M. Ohno, Y. Mitsuya, Y. Miura, H. Takahashi, T. Kikuchi, S. Kohjiro, C. Otani and S. Ikuine: “Optimization for device structure of
superconducting transition edge sensor coupled with heavy metal absorber”, IEEE Trans. Appl. Supercond. vol. 31, pp. 1-4, (2021).

Y. Yamamoto, H. Hoshina and H. Sato: “Differences in intermolecular interactions and flexibility between poly(ethylene
terephthalate) and poly(butylene terephthalate) studied by far-infrared/terahertz and low-frequency Raman spectroscopy”,
Macromolecules, 54, 1052-1062, (2021).

T. Notake, T. lyoda, T. Arikawa, K. Tanaka, C. Otani and H. Minamide: “Frequency-decomposed bidirectional re-emissions from a
single metal micro-helix dynamically visualized in terahertz electromagnetic region”, Scientific Reports, 11,3310, (2021).

. M. Imashimizu, M. Tanaka and H. Hoshina: “Gre factors prevent thermal and mechanical stresses induced by terahertz irradiation

during transcription”, Genes to Cells, 26, 56-64, (2021).

. [Review] C. H. Feng and C. Otani: “Terahertz Spectroscopy Technology as an Innovative Technique for Food: Current State-of-the-Art

Research Advances”, Critical Reviews in Food Science and Nutrition, published online, (2020).

. [Review] J. F. Garcia-Martin, M. Cuevas, C. H. Feng, P. Alvarez-Mateos, M. Torres-Garcia and S. Sdnchez: “Energetic Valorisation of Olive

Biomass: Olive-Tree Pruning, Olive Stones and Pomaces”, Processes, 8,511, (2020).

. C.H.Feng, J. F. Garcia-Martin, M. B. Lavado, M. C. Lépez-Barrera and P. Alvarez-Mateos: “Evaluation of different solvents on flavonoids

extraction efficiency from sweet oranges and ripe and immature Seville oranges”, International Journal of Food Science and
Technology, 55, 3123-3134, (2020).

. C.H. Feng, Y. Makino and J. F. Garcia-Martin: “Hyperspectral imaging coupled with multivariate analysis and image processing for

detection and visualisation of colour in cooked sausages stuffed with different modified casings”, Foods, 9, 1089, (2020).

. S. Yamazaki, M. Harata, Y. Ueno, M. Tsubouchi, K. Konagaya, Y. Ogawa, G. Isoyama, C. Otani, and H. Hoshina: “Propagation of THz

irradiation energy through aqueous layers: Demolition of actin filaments in living cells”, Scientific Reports, 10, 9008, (2020).

. S. Yamazaki, C. Gerhold, K. Yamamoto, Y. Ueno, R. Grosse, K. Miyamoto and M. Harata: “The Actin-Family Protein Arp4 Is a Novel

Suppressor for the Formation and Functions of Nuclear F-Actin”, Cells, 9, 758, (2020).

. H. Kutsuma, Y. Sueno, M. Hattori, S. Mima, S. Oguri, C. Otani, J. Suzuki and O. Tajima: “A method to measure superconducting

transition temperature of microwave kinetic inductance detector by changing power of readout microwaves”, AIP Advances, 10,
095320, (2020).

. H. Momiyama, Y. Sasaki, I. Yoshimine, S. Nagano, T. Yuasa and C. Otani: “Improvement of the depth resolution of swept-source THz-

OCT for non-destructive inspection”, Optics Express, 28, 12279, (2020).

. M. Tsubouchi, H. Hoshina, M. Nagai and G. Isoyama: “Plane photoacoustic wave generation in liquid water using irradiation of

terahertz pulses”, Scientific Reports, 10, 18537, (2020).

S. Yamazaki, M. Harata, Y. Ueno, M. Tsubouchi, K. Konagaya, Y. Ogawa, G. Isoyama, C. Otani and H. Hoshina: “Propagation of THz
irradiation energy through aqueous layers: Demolition of actin filaments in living cells”, Scientific Reports, 10, 9008, (2020).

K. Matsumoto, I. Yoshimine, K. Himeno, T. Shimura and T. Satoh: “Observation of evanescent spin waves in the magnetic dipole
regime”, Physical Review B, 101, 184407, (2020).
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22.

23.

24.

25.

26.

27.

28.

D. Marlina, Y. Park, H. Hoshina, Y. Ozaki, Y. M. Jung and H. Sato: “A study on blend ratio-dependent far-IR and low-frequency
Raman spectra and WAXD patterns of poly(3-hydroxybutyrate)/poly(4-vinylphenol) using homospectral and heterospectral two-
dimensional correlation spectroscopy”, Analytical Sciences, 36,731, (2020).

H. Hoshina, Y. Saito, T. Furuhashi, T. Shimazaki, M. Sawada, Y. Hioki and C. Otani: “Terahertz Spectroscopy for Characterization of
Hydrogen Bonding and Cross-linked Structure Dynamics in Polyurethane”, J. Infra. Milli. TeraHz. Waves, 41, 265-275, (2020).

H. Hoshina, T. Kanemura and M. T. Ruggiero: “Exploring the Dynamics of Bound Water in Nylon Polymers with Terahertz
Spectroscopy”, J. Phys. Chem. B, 124, 422-429, (2020).

K. Lee, J. Choi, R.T. Génova Santos, M. Hattori, M. Hazumi, S. Honda, T. lkemitsu, H. Ishida, H. Ishitsuka, Y. Jo, K. Karatsu, K. Kiuchi, J.
Komine, R. Koyano, H. Kutsuma, S. Mima, M. Minowa, J. Moon, M. Nagai, T. Nagasaki, M. Naruse, S. Oguri, C. Otani, M. Peel, R. Rebolo,
J. A. Rubifio Martin, Y. Sekimoto, J. Suzuki, T. Taino, O. Tajima, N. Tomita, T. Uchida, E. Won and M. Yoshida: “GroundBIRD: A CMB
Polarization Experiment with MKID Arrays”, J. Low Temp. Phys. 200, 384-391, (2020).

R. Smith, M. Ohno, Y. Miura, N. Nakada, Y. Mitsuya, H. Takahashi, T. keda, C. Otani, M. Sakama, N. Matsufuji, T. Irimatsugawa, S.
Kohjiro, H. Yamamori and F. Hirayama: “Microcalorimetry of carbon ion beam for medical treatment by transition edge sensor”, J.
Low Temp. Phys. 199, 1012-1017, (2020).

M. Naruse, T. Ando, Y. Waga, R. Kubota, S. Mima, C. Otani, T. Taino and H. Myoren: “Superconducting resonators with niobium and
YBa,Cu;0,4 for Alpha-particle detectors”, J. Low Temp. Phys. 199, 614-621, (2020).

Y. Minami, Y. Akiba, S. Beckman, M. Hazumi, C. Kuo, N. A. Kurinsky, H. Kutsuma, A. T. Lee, S. Mima, C. R. Raum, T. Sasse, S. L. Stever, A.
Suzuki and B. Westbrook: “Irradiation Tests of Superconducting Detectors and Comparison with Simulations”, J. Low Temp. Phys. 199,
118-129, (2020).

(2) $81%:88 Invited Talks

1.

O ® N o

10.

C. Otani, Y. Sasaki, “Development of terahertz radar imaging technology and systems”, 2020 IEEE International Symposium on Radio-
Frequency Integration Technology (RFIT 2020), Hiroshima, Japan, September 3, (2020).

KBHIT, " TINVYISHEEBBEERE ", £ 12RB7IN\IVY EY R X+ 2 +— (12th THz-biz), B/~"% All About Photonics, R,
12 B9 H, (2020).

REEE, MAE, “THZ-NMR IC L 244 & EBROE DB EEFA O | RRE EREER) #BEL T 21 #idr / X—=2 3>
J—RZ—=0—y>av S, F>4>,12 8 2H,(2020).

IR, " TINIVYHICEDERSDFORERE", S 2EEF3RLLEERE - BEEENREs (AERESHARR:
NJK) , Online, 12 B 2 B, (2020).

C. Feng, “Recent advances in non-invasively evaluating the quality of foodstuffs by using hyperspectral imaging and terahertz
spectroscopy”, Z2Hff Discovery Afternoon, Online, 11 B 27 B , (2020).

KAENTT, “Beyond 5G/6G DENAE 7S ANIVYISH ", 8 5 BIR A~ O34 )VEAZRS, JIG, 11 B 25 B, (2020).

KRBT, " TINIVYEDBREC VIV - A AXA=I VTR " EREE LI F— , 7> 54> ,11 B 24 8,(2020).

LR, "THZz YD BREF 2 FIA U e argsesiE 7, 7 >~V Y BRZE D& VI, Online, 11 B 20 B, (2020).

ISR, TSIV Y SRR LIMBaR 2 > I\ BIEERDRIE", X - EFE—LRFEEREY VRITL2020, 454,98
29 B, (2020).

RREE, " TINIVYRHATREIEDFERBEKDAAF I IR, B 69 BEmnFitawan, 771> ,9 817 H,(2020).

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

1.

[EXF—FE]IFE12ET INIVYEIRRXE I F— (12th THz-Biz), B"= [All About Photonics — InterOpto 20211 , =R, 12 A
9 H,(2020).

[BTREER] AT, EAAREE , g B, "~ JST-ACCEL 7O9 5 L~300GHz T INIVY T+ —T A)V—RT 14 —AF ¥
F—OMERFE ", £ 12ET IN/VYEI XXt I F— (12th THz-biz), B~"% [All About Photonics — InterOpto 20211 , R&R, 12
A 9-11 H, (2020).

(4) ¥5EF1FE  Patent Applications

1.

REIRE , LR, NI E—, KAHT, " ERESH FRERBS KUERSH FRIEAZE ", 1558 2020-188243,2020 £ 11 A 11 H



(5) WHEITANEFHE - PEY IR (MEREL EDIGHFESE)  Topics

1.
2.

> W

BRIEHFEEHTI 9@, " TNV Y BEEZE~ B G EMEN TN > T+~ ", 2021 2 B8 9H

Laser Focus World JAPAN, World News, * 7S N\)V'Y HEBEIC K B MR 2 /N0 BESEDR AL ", 2020 £EE 11 BS, pp. 8-9
(ex.press #1)

RIKEN Research, Fall 2020, p. 24, Research Highlights, “Radiation hinders protein filaments from forming”, 2020

TIH A EIRRT A, Science View * 7NV Y HBBEHT K BHfAN 42 > /N BEGERDRA{L ", 202057 B 16 H

FINIVY EFEFHIEF—L  Terahertz Quantum Device Research Team

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

1.

J. Yun and H. Hirayama: “Investigation of light-extraction efficiency of flip-chip AlGaN-based deep-ultraviolet light-emitting diodes
adopting AlGaN metasurface”, IEEE Photonics Journal, Vol. 13, No. 1, 2700313, (2021).

T.T. Lin, L. Wang, K. Wang and H. Hirayama: “Development of high power terahertz quantum cascade lasers by reducing leakage
current using non-equilibrium green'’s function method”, The Review of Laser Engineering, Vol. 48, No. 5, pp, 250-254, (2020).

M. A, Khan, J. P. Bermundo, Y. Ishikawa, H. Ikenoue, S. Fujikawa, E. Matsuura, Y. Kashima, N. Maeda, M. Jo and H. Hirayama: “Impact
of Mg-level on lattice relaxation in a p-AlGaN hole source layer and attempting excimer laser annealing on p-AlGaN HSL of UVB
emitters”, Nanotechnology 32, 055702, (2020).

H. Murotani, R. Tanabe, K. Hisanaga, A. Hamada, K. Beppu, N. Maeda, M. A. Khan, M. Jo, H. Hirayama and Y. Yamada: “High internal
quantum efficiency and optically pumped stimulated emission in AlGaN-based UV-C multiple quantum wells”, Applied Physics
Letters, Vol. 117, Vol. 16, pp. 162106-1-5, (2020).

H. Murotani, H. Miyoshi, R. Takeda, H. Nakao, M. A. Khan, N. Maeda, M. Jo, H. Hirayama and Y. Yamada: “Correlation between excitons
recombination dynamics and internal quantum efficiency of AlGaN-based UV-A multiple quantum wells”, Journal of Applied Physics,
Vol. 128, Vol. 10, pp. 105704-1-7, (2020).

M. A. Khan, Y. Itokazu, N. Maeda, M. Jo, Y. Yamada and H. Hirayama: “External quantum efficiency of 6.5% at 300nm emission and
4.7% at 310nm emission on bare-wafer of AlGaN-based UVB LEDs", ACS Applied Electronic Materials, Vol. 2, No. 7, pp. 1892-1907,
(2020).

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

1.

TFILSSE, " IO HRICEHFEINDREN LED”, Oplusk i 1 AN —KREERIFHELT—, 2021 FE3-4 8% (B4785),
pp. 1-5, (2021).

LSS, FREIOSTAIVABEREIC, RIMBETNA ADXEZ T LA T Z)b—%&BRN", BT OPTRONICS 4551 >4
£ 21—, Vol.39,No.467, pp.88-92, (2020).

KAAERARS, THERSE, FILHHE, "HRETNIEER - RBEN LD, [CAMEFES HHIWEB IS A FHREIO0F Y )L AHEIC
F G (2020).

(3) #31%:88 Invited Talks

1.

TILFsE, " REN LED & THZ-QCL OFEDER ", % 4 BEKL — T —OEEER L HEERRICAT L - —MEHER,
oA VEME 3B 228, (2021).

TILSE, Mo IR IR, BREEER, ‘GaAs RU GaN RT INIVYEFHARXT— FL—TDER ", % 68 BICANBEFRES
FisdER, £ 381818, (2021).

H. Hirayama, Y. Kashima, E. Matsuura, N. Maeda, M. Jo, Y. Iwaisako, T. Iwai, M. Kokubo, T. Tashiro, H. Furuta, R. Kamimura, Y. Osada, H.
Takagi, Y. Kurashima and T. Nagano, “High-power AlGaN UVC LEDs using PhC reflector p-contact layers”, SPIE Photonic West, online
conference, March, (2021).

H. Hirayama, Y. Kashima, E. Matsuura, N. Maeda and M. Jo, “Progress on high-power UVC LEDs by inctrasing light-extraction
efficiency”, SPIE Photonic West, online conference, March, (2021).

TILFEH, "AlGaN REEN LED DEREGHAER". £3ELHARBEEZREFHRMRR, 750 VFE 11B27H,
(2020).

FILFR, " ERELEBIE LOREN LED XM DRE ", TREMEFR: ICAETIMEIRAWRGNS TEAME - 7/\1 XH

49



50

RORIR~EDERE TN\ ZBRE~1, £ 7B 118188, (2020).

BRISTTHE, RIFHHER, WHERET, TER, HRHAKE, sHKR, BLFT MARLH, BRFHR HRER, LEAE— SH
G, REAM, fuas, KBz, RERE, BAEHE, FLHH, "R&E7+ b2y /BREFBVLICEMX - SHORERAREK
S LED", %5 81 BICAYMEFSMERMHAER, 4051 VK 9898, (2020).

TFILFEH, “RERREN LED OERERE ", UV ERICARIHARESE 3 EREREMRRR [774—20H Bt 51—/—
RIVEXZZBEAN, £S5 A VFE 8B 7 H, (2020).

TIIFEE, AlGaN FESN LED DERERE ", AXREMERESR HREAROBFZLENE 161 EERE 114 EHER TAIN -
AlGaN DfERAMER & RENFELRFADIGAL, 7545, 58298, (2020).

(4) ¥5EF1FE  Patent Applications

1.
2.

L. Wang, T. T. Lin, K. Wang, and H. Hirayama, “Quantum cascade laser element”, US10666018B2, May 26, 2020
TS, ER, "EBFHART—FL—H—FF", 2020-068706, 2020 F 4 A 6 H

FEFHIEEHBIFF — L Photonics Control Technology Team

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

1.

H. Chang, L. Siarot, R. Matsuura, CW. Lo, H. Sato, H. Otsuki, S. Wada and Y. Aida: “Distinct MCM10 Proteasomal Degradation Profiles
by Primate Lentiviruses Vpr Proteins”, Viruses, Jan 15;12(1). pii: E98, (2020).

Z.Zhang, B. Li, W. Zhang, R. Lu, S. Wada and Y. Zhang: “Real-time penetration state monitoring using convolutional neural network
for laser welding of tailor rolled blank”, Journal of manufacturing system, Vol54, p348-360,(2020).

K. Koike, K. Fujii, T. Kawano, and S. Wada: “Bio-mimic energy storage system with solar light conversion to hydrogen by combination

|

of photovoltaic devices and electrochemical cells inspired by the antenna-associated photosystem I, Plant Signaling & Behavior,
Vol. 15, No.3, e1723946, (2020).

K. Tsuno, S. Wada, T. Ogawa, T. Ebisuzaki, T. Fukushima, D. Hirata, J. Yamada and Y. Itaya: “Impulse Measurement of Laser Induced
Ablation in Vacuum?”, Optics Express. Vol.28, No.18, pp. 25723-.5729, (2020).

K.L. Wang, J.C. Jiang, C. H. Jhu, S. Wada, T. Sassa and M.Horie: “High-performance organic photorefractive materials containing
2-ethylhexyl plasticized poly (triarylamine)”, J. Mater. Chem. C, Vol. 8, pp. 13357-13367, (2020).

T. Matsuyama, M. Watanabe, Y. Murota, N. Nakata, H. Kitamura, T. Shimokawa, T. Ebisuzaki, S. Wada, S. Sato and S. Tabata: “Efficient
mutation induction using heavy-ion beam irradiation and simple genomic screening with random primers in taro (Colocasia
esculenta L. Schott)”, Scientia Holticulturae, Vol.272, 109568, (2020).

A. N. Yamaguchi, N. Kitahata, C. Nishitani, N. Takada, S. Terakami, Y. Sawamura, T. Matsuyama, T. Asami, T. Nakano, T. Saito and T.
Yamamoto: “Pattern and Trigger of Fruit Self-thinning in Japanese Pears”, The Horticulture Journal, Vol.89, Issue 4, 367-374, (2020).

R. Kawamura, K. Mizutani, T. Lin, S. Kakizaki, A. Minata, K. Watanabe, N. Saito, W. Meinzer, T. lwata, Y. lzumi and A. Aoki: “Ex vivo
evaluation of gingival ablation with various laser systems and electroscalpel”, Photobiomodulation, Photomedicine, and Laser
Surgery, Vol. 38, pp. 364-373, (2020).

EHSRE, FREE, FREA,IEREKE, HEE, 558, MBSz, PR, IRE, AlLHER , 2HRE , FRE " HISEEL
A AL KB HMEEEEREOSBRFBOER ", L—H—H3E, Vol. 48, pp.580-584, (2020).

. K. Kato, V. V. Badikov, L. Wang, V. L. Panyutin, K. V. Mitin, K. Miyata and V. Petrov: “Effective nonlinearity of the new quaternary

chalcogenide crystal BaGa2GeSe6”, Optics Letters, Vol.45, No.8, pp.2136-2139, (2020).

. K. Fujii, T. Goto, S. Nakamura, and T. Yao: “Excitation light intensity dependence of 2.2 eV yellow photoluminescence of n-type GaN”,

Japanese Journal of Applied Physics, Vol. 60, No. 01, 011002, (2021).

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

(2021).

. H.Yasui, S. Kabayama, T. Tachibana, M. Yumoto, T. Ogawa, Y. Watanabe and S.Wada: “Evaluation of Effect of PlatinumNanoparticles

in Aqueous Dispersion on Hydrogen Bonding State Using Attenuated Total Reflectance Infrared Spectroscopy”, International State-
of-the-art in Surface and Interface Fabrication Technologies, |, pp.78-86, (2021).

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



1434, (2021).

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

1.

16.
17.

L. Bai, T. Hirose, W. Assi, S. Wada, S. Takeshima and Y. Aida, “Bovine Leukemia Virus Infection Affects Host Gene Expression Associated
with DNA Mismatch Repair”, Pathogens, 9(11): E909, (2020).

S. Saito, Y. Muramatsu, F. Komine, M. Polat, S. Takeshima, M. Takei, S. Wada and Y. Aida, “Absence of bovine leukemia virus proviral
DNA in Japanese human blood cell lines and human cancer cell lines”, Archives of Virology, Jan;165(1):207-214, (2020).

K. Kato, V. V. Badikov, L. Wang, V. L. Panyutin, K. V. Mitin, K. Miyataand V.Petrov, “Effective Nonlinearity of BaGa2GeSe6: A Promising
Quaternary Chalcogenide Crystal for the Mid-IR”, Conference on Lasers and Electro-Optics, OSA Technical Digest, paper SF3R.2,
(2020).

K. Miyata, K. Kato, V. V. Badikov, L. Wang, V. L. Panyutin, K. V. Mitin, V. Petrov, “Effective Nonlinearity of Trigonal Crystals of Symmetry
Class 3 on the Example of the Non-Oxide BaGa2GeSe6”, Mid-Infrared Coherent Sources, OSA Technical Digest. paper MTu1C.4, (2020).
V. Petrov, V. V. Badikov, D. V. Badikov, G. S. Shevyrdyaeva, K. Kato, K. Miyata, K. V. Mitin, L. Wang, V. Panyutin, “Barium Nonlinear
Optical Crystals for the Mid-IR: Characterization and Applications”, Mid-Infrared Coherent Sources, OSA Technical Digest, paper
MTu1C.6, (2020).

K. Kato, V. Petrov, K. Miyata, “Phase-matching properties of Liln(SxSe1-x) for THG of a CO2 laser at 10.5910 u m”, Proceedings of
SPIE, 11264, 112641W, (2020).

W. Assi, T. Hirose, S. Wada, R. Matsuura, S. Takeshima and Y. Aida, “PRMT5 Is Required for Bovine Leukemia Virus Infection In Vivo and
Regulates BLV Gene Expression, PRMT5 Is Required for Bovine Leukemia Virus Infection In Vivo and Regulates BLV Gene Expression,
Syncytium Formation, and Glycosylation In Vitro”, Viruses, 12(6):650, (2020).

R. Hamada, S. Metwally, M. Polat, L. Borjigin, A. O. Ali, A. A. Hady, A. E. Mohamed, S. Wada and Y. Aida, " Detection and Molecular
Characterization of Bovine Leukemia Virus in Egyptian Dairy Cattle”, Frontiers in Veterinary Science, 7: 608, (2020).

S. Metwally, R. Hamada, A. O. Ali, H. Y. Mahmoud, N. M. Baker, A. E. A. Mohamed, S. Wada, Y. Matsumoto and Y. Aida, “ Detection and
molecular characterization of bovine leukemia virus in beef cattle presented for slaughter in Egypt”, Journal of Veterinary Medical
Science, 82(11):1676-1684, (2020).

. K. Kamiya, K. Fujii, M. Sugiyama and S. Nakanishi, “CO2 Electrolysis in Integrated Artificial Photosynthesis Systems”, Chemistry

Letters, Vol. 50, No. 01, p.166-179, (2021).

. KKato, V. Petrov, and K.Miyata: “Accurate Sellmeier equations for AgGaS2 in the 0.565-10.6321 u m spectral range”, Proceedings of

SPIE, 11670, 116701 K , (2021).

. K Kato, N. Umemura, T. Okamoto and K. Miyata, “Updated Sellmeier equations of 3 -BaB204", Proceedings of SPIE, 11670, 116701E,

(2021).

. CRAER, FEEA, MBS, O R VI B AV AT AR BUO e RN BHE L —— 7, L—H—HIZE, Vol.8, No.8, 409-413,

(2020).

. MBSz LR, FBEA, EBRE, ZMao, ” Y XVEEERN SOV S v 7 BEIRE ", BERMEHET , Vol.72, No.9, P.89-93,

(2020).

L BHEE NER EBFRE RS2, 1A TV FBEARIRIVF -G X T L {EFETE, Vol.71, No.10, 606-

612, (2020).

MBS, #lEE],  HERA L AmBESEICATT ", 47 Oz 9 X, Vol.39, No.468, P60-62, (2020) .

INIER, FEEFARER , NEIEA  IRTF5H , FBEEA /RS, MAEZ " AEFZRVCRIMREERMORR " 47 0=
2 X .No.468, No.12, P68-73, (2020) .

. BHRR, NEER, RFRE HEEZ  BERRIRF—ZRMA LIV -GS X T LOSIEAE", 7 —>70 /08

<—,Vol.30, No.12, 41-46, (2020).

(3) #B1F:88  Invited Talks

1.

MBSz, " RS X7 LORRE " BRI I 7V Ixy bT—0 T/REFRAT—22BRIZAIIRSEFALE
YRR E T — 2 EREDODRRFEDHEE] " BB A 7FTA TV RAEN T« VJRRPRK, 25198 (2020) .
MBS, TBBEZMERT BN\ AVIABEY I 1L —20BRENA AT —2BHEBER Y VRIVL", BEEBRAF=H
F v VINAERR, 3 A 18 H (2020).

MAEz, " BAI=I—VEERZEESTNEDNDDO~HRERE - BRADOFE MEE )R ", E 3 EMRRERRROE
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EXELZF—, T3>0, 12821 H,(2020).

4. MBS, " HEMERR U HEEORIE~HFTGRIEEERD T~ ", £ 1 BB/ X—3 2 ONLNEEZF—, F 51>
10 A 29 H ,(2020).

5. A8, "FHEASHAL—Y—0RE" F3EEGFL —F—DOaREREEERRICAT L —Y—#MEMERs -sHAOL—
HP—DREFRERFK -, F>F1>,2 810 B ,(2021).

6. S.Wada, “Photonics for Agriculture -short ver”, A< — ~ B# 7 = £+ —, Developments towards a Data-Driven Agriculture for
potato production, ONLINE, February, (2021).

(4) F5EFiHFE .~ Patent Applications

1. BHREIED, " KEKOBEBABEBAEKRUZNE BV KELIOHREE ", 2019-013420,2019%F 1 5 29 H
2. INHERED,BRILFCIVBKUOEIVAZ YT 7,2019-037417,2019FE3 B 1 H

3. BEHRAIED, " KEXPERBBHERUZNEBWKEBRDMHRERE 7, 2019-013420,2019F 1 B 29 H

RIRNFEFHFEF—L  Photonics Control Technology Team

(1) EZEFR (accept) Z2=L  Original Papers

1. T. Saiki, T. Hosobata, Y. Kono, M. Takeda, A. Ishijima, M. Tamamitsu, Y. Kitagawa, K. Goda, S. Morita, S. Ozaki, K. Motohara, Y.
Yamagata, K. Nakagawa and |. Sakuma: “Sequentially timed all-optical mapping photography boosted by a branched 4f system with
a slicing mirror ”, Opt. Express 28, 31914-31922, (2020).

2. N. L Yamada, T. Hosobata, F. Nemoto, K. Hori, M. Hino, J. Izumi, K. Suzuki, M. Hirayama, R. Kanno and Y. Yamagata: “Application of
precise neutron focusing mirrors for neutron reflectometry: latest results and future prospects”, J. Appl. Cryst. 53, (2020).

3. F.Funama, M. Hino,T. Oda,H. Endo, T. Hosobata, Y. Yamagata and S. Tasaki: “Observation of TOF-MIEZE Signals with Focusing Mirrors
at BLO6, MLF, J-PARC", J. Synch. Investig. 14, S50-S55, (2020).

4. H. Duan, S. Morita, T. Hosobata, M. Takeda and Y. Yamagata: “Profile measurement using confocal chromatic probe on ultrahigh

|u

precision machine tool”, Int. J. of Automation Technology, accepted in press, (2020).

(2) ®#&. YVKRIVL, £ZF—EM#  Meeting, Symposiums and Seminars
1. %9[E VCAD Y R7LHMRE XFEZRTFHEE 98158 (2020).

FiEFE— LR F—L  Neutron Beam Technology Team

(1) FREFR (accept) Z2E  Original Papers

1. T. Kobayashi, S. Ikeda, Y. Otake, Y. lkeda and N. Hayashizaki: “Completion of a new accelerator-driven compact neutron source
prototype RANS-II for on-site use”, Nucl. Instrum. Methods Phys. Res. A, 994, 165091, (2021).

2. B.Ma, M. Teshigawara, Y. Wakabayashi, M. Yan, T. Hashiguchi, Y. Yamagata, S. Wang, Y. lkeda and Y. Otake: “Optimization of a slab
geometry type cold neutron moderator for RIKEN accelerator-driven compact neutron source”, Nucl. Instrum. Methods Phys. Res. A,
995, 165079, (2021).

3. K Saito, C.Inoue, J. kegawa, K. Yamazaki, S. Goto, M. Takamura, S. Mihara and S. Suzuki: “Prediction Method of Void Distribution near
Punched Surface of Medium-Carbon Steel Sheet using Scrap”, IS Int., 61, 1, pp. 417-423, (2021).

4. Y. Otake: “RIKEN accelerator-driven compact neutron systems, RANS project and their capabilities”, Neutron News, 31, 2-4, pp. 32-36,
(2020).

5. B8, HAHALT, BNEA, BRIET, FREF " PHFA A IV IRMERVHHI ) — FREBOER AR ICBE T
ZHE ", AV — MEEHOWRIE, 8, 7y UL — FEIERESE , 20, pp. 273-278, (2020).

6. Y. Suzuki, K. Ueno, K. Murasawa, Y. Kusuda, M. Takamura, T. Hakoyama, T. Hama and S. Suzuki: “Effect of surface area of grain
boundaries on stress relaxation behavior in pure copper over wide range of grain sizes”, Mater. Sci. Eng. A, 794, 139585, (2020).

7. LEEFEXR, WEBEK, BABER, SNIEA, BE2, LSz, BAER " BADEE - ISTERS S UEMRERKE B DR
EOBEMHO T HMKFHDORER ", BARBF R, 84,10, pp. 326-333, (2020).



BHEEIS , 5A505 , &3FH , AMTNE , FREE, #EE " BELPEFZ AV RRARROIERERE S AT L ", & 11 E
EEAERIR > > RY 7 LGSR ESE , pp. 47-52, (2020).

Y. Wakabayashi, C. lIwamoto, M. Mizuta, T. Hashiguchi, Y. Yoshimura, Y. lkeda and Y. Otake: “Development of a nondestructive
diagnostic technique for salt distribution in concrete structures using neutron at RANS”, Advances in Construction Materials,
Proceedings of ConMat'20, pp. 1882-1892, (2020).

S. Takada, K. Tateishi, Y. Wakabayashi, Y. Ikeda, T. Yoshioka, Y. Otake and T. Uesaka: “Polarized proton spin filter for epithermal
neutron based on dynamic nuclear polarization using photo-excited triplet electron spins”, Prog. Theor. Exp. Phys. 2020, 12, 123G01,
pp. 1-12, (2020).

K. Saito, C. Inoue, J. Ikegawa, K. Yamazaki, S. Goto, M. Takamura, S. Mihara and S. Suzuki: “Effects of Size and Distribution of
Spheroidized Cementite on Void Initiation in Punched Surface of Medium Carbon Steel”, Metall. Mater. Trans. A, 51, pp. 4499-4510,
(2020).

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

1.

KITHE, " PHRFIRICK 21 > 7 SIERERER M ORH — FBARE%ZB1E L T— "J. Jpn. Soc. Colour Mater., 94, 3, pp. 80-84,
(2021).

KEER, KITRE, SRH—, /NS EFRERANS #FHB LO 7 ) — bRoKSOERIL 7, JERIEEE , 70, 3, pp. 127-133,
(2021).

RITHE, "N FRIC K 2 SEMEBERITERES | & ZDO%DER Characterization of Microstructure in Steels by Compact
Neutron Source”, 5z 58, 25, 5, pp. 294-303, (2020).

EMEE, HNE—, KEER, BB, KITE, " PHEFERV I 7 U — MBS RED TR DOIEIEREFEDORE ", 7
2 /’5"7 t, 58,8, pp. 32-41, (2020).

KHEER,  TAFRMBEEEZERERBRRO SR OBEL L REMLEMICET 2/ NEERREE ", TAFRIEERZER
ERIBRRR D SR DR E L & REMERMICBE T 5/NEERHR (DVD), pp. 43-48, (2020).

KEELR, " EEEBARROMIFEIET = 1771 2020 ($IHEE> 1) — X 35)", T AZRMEEZERERIBARRO &2 HOEEL &
REMLEMICET 2/ NEERIR, p.74, (2020).

(3) #31%:88 Invited Talks

1.

10.

Y. Otake, “RIKEN Accelerator-driven compact neutron source, RANS and its capabilities for industrial use, and on-site use”, Compact
Source Vydeo Workshop, European Spallation Source (online), 29 May., (2020).

T. Takanashi, S. Noda, M. Tamura and Y. Otake, “Novel CT reconstruction results of neutron and X-ray based on exact solution
method”, 3rd International Symposium on Advanced Measurement, Analysis and Control for Energy and Environment
(AMACEE2020), Tokushima, (online), 26 Aug., (2020).

M. Yan, T. Takanashi, Y. Wakabayashi, A. Taketani, Y. lkeda and Y. Otake, “Evaluation of the fast neutron imaging detector with
RANS”, 3rd International Symposium on Advanced Measurement, Analysis and Control for Energy and Environment (AMACEE2020),
Tokushima Univ. (online), 26 Aug., (2020).

[Keynote] Y. Otake, “Novel non-destructive test methods based on compact neutron sources, RANS, RANS-II, RANS- u ”, 3rd
International Symposium on Advanced Measurement, Analysis and Control for Energy and Environment (AMACEE2020), Tokushima
Univ. (online), 26 Aug., (2020).

Y. Otake, “RIKEN RANS project, RANS, RANS-II, [l and RANS- u ”, 6th Workshop on  High Brilliance Neutron Source 2020 (HBS 2020),
Jilich Centre for Neutron Science (online), 17 Sept., (2020).

Y. Otake, “RIKEN Accelerator-driven Compact Neutron Systems, RANS and their capabilities”, Union for Compact Accelerator-Driven
Neutron Source WEB seminar (UCANS-web 2020), Wako (online), 30 Nov., (2020).

Y. Wakabayashi, M. Yan, M. Takamura, R. Ooishi, H. Watase, Y. lkeda and Y. Otake, “RANS- 1 salt-meter of bridge inspection for on-
site use”, Union for Compact Accelerator-Driven Neutron Source WEB seminar (UCANS-web 2020), Wako, (online), 3 Dec., (2020).
INREDGE | IREREREY/ MU R MR RANS & & 5755/ L& B159 RANS-I|, III”, 4th RIKEN-RAP and QST-KPSI Joint Seminar, 7>/
A VRE, 2B 3H, (2021) .

KMHE, * BRHE - PHTROR. AR OV T—NIREFIRRANS ZHOE LT, 2020 FE HE /07 5 L ITHMRIZEOD
fedOHREFRA—EREFA) EE , ERARERBEEIMRARIMMERT, 7> 51 8,28 108, (2021) .

BNEAN, PEFTRZEEEREE ", 2020 EE HE 707 5 L TMEIZOROOFEFHB—EREFIR) BE, RREEAZE
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11.

B IMBRINSERT, 7> 54 VB, 2 B 10 8, (2021) .
INREDE , KATIIUR , NS FRIER SR Z A LN e R IEFIRBF S MROITADIGHA " 2021 £ 68 BISAMEFSEEFRER,
T4 R, 38168, (2021) .

12. AT, ERR LR FES 2 7 Ls RANS, RANS-IL 1ll, RANS- 1 &/NBUIE & 2 8 B AR & $58: ", ELPH Symposium 2021

2020 FEEFAEFARNSHRFABRRERES) B, 75K, 3858, (2021) .

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

1.
2.

4th Joint Workshop of RIKEN RAP and JCNS, #> >4 > ,6 B 22 H -6 A 24 B , (2020).

#4460 BRI F— ATV X, ERZFHRAOOORHAZDORIADOEE, I 7 b VBELORY, KL S D XiF
R4, 3D SV vz, Tsallis #hstE 2AEMA S>>0 OV RS OREEKR] | el , B, REAFAZRIFZFMRRMRIFER,
F>>4>,11 B 19 B, (2020).

“Union for Compact Accelerator-Driven Neutron Source WEB seminar (UCANS-web 2020) ", WS VR DL, A 54> ,11 B 30
B-1283H, (2020) .

F470 BMtEIS— T X, [BEBERAXMAERERRMEMICESTAE S BEY = 1 L— 3 Y OEEHERT /
Synergetic analysis of stress measurement and numerical simulation intending achievement of new-generation high strength steel
parts for automobile , MAEFR , HEIE , BENAFEFEMMARR TEREM, > >1>,1 B 28 8, (2021).

% 5 [B] RAP-J-PARC E#H ImeE, 751> ,3 811 B, (2021).

(5) ¥¥EFHFE ~ Patent Applications

1.
2.

RITHRE  BEMERE  HEHR RS, RERLEE SRERE A E 7, PCT/JP2020-084238,5 A 13 B, (2020).

RITHE, WS, SNE—, BOFX, KEAER, LNIEM, MEEX, " 7T —JIVRERBE L 7 —7IVREFRE ", FHE 2020-
106799, 6 A 22 B , (2020).

BHEIR, EAB05 , SRFE , KITRE , " JFRERERE & FERE A 7, 558 2020-175252,10 A 19 B, (2020).

(6) WEITANEFRHE - PEY IR (MEREL EDIGHESE)  Topics

1.

RIEEETE, " T, SOPEFTO ", 20206486 H

Rt B8 FIEF— L  Advanced Manufacturing Support Team

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

1.

T. Fujihira, K. Yamazawa, T. Fujimoto, M. Takeda and Y. Teshima: “Microfabrication of Resin Surface Using Variable-pulse-width-
picosecond Laser”, proceedings of the ICPE2020 conference, 452-453, (2020).

Y. Teshima, Y. Hosoya, K. Sakai, T. Nakano, A. Tanaka, T. Aomatsu, K. Yamazawa, Y. lkegami and Y. Watanabe:"Development of Tactile
Globe by Additive Manufacturing”, Springer, Lecture Notes in Computer Science, Vol. 12376, 419-426, (2020).

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

1.
2.

WERE T IR TR E RBEERRIN ", BB T R5E, Vol.86 No.9, 666-670, (2020).
RIERER, L3ZEZ, BB, dNER, BEFXK, 3D TUY2AFHBEAIEMORE —EEHIESE (Binder Jetting)
ICLBANTEERZITD a TCP#¥— ", 3D 71 > 2 B#FERMRIES , 291-299, (2021).

(5) #5FWHiFE ~ Patent Applications

1.

HHEFX, IFBEZ, INER KIUEKRER, BEEEE, " = RmEf s, TORERESIURIBTAY S L7, 2020-169561, 2020
F10H7H



TLVAYY—A

2020/4/7 BRI > Y =77 ) U HEEF — L / Space-Time Engineering Research Team

Scientists use the Tokyo Skytree to test Einstein’s theory of general relativity ]..

Takamoto et al. (2020) Test of general relativity by a pair of transportable optical lattice clocks. Nat Photonics.
doi: 10.1038/s41566-020-0619-8

2020/4/18 7 F ORI RFZEF — L / Attosecond Science Research Team

Realizing an optical synthesizer that produces intense attosecond pulses-Attosecond laser output exceeds P L
gigawatts-

Xue, B, Tamaru, Y., Fu, Y., Yuan, H,, Lan, P., Miicke, O. D., Suda, A., Midorikawa, K. & Takahashi, E. J. Fully stabilized multi-TW optical waveform
synthesizer: Toward gigawatt isolated attosecond pulses. Science Advances 6, eaay2802 (2020). doi: 10.1126/sciadv.aay2802

2020/5/21 EMAFEMBAZEF — L / Biotechnological Optics Research Team

Visualizing and modulating mitophagy for therapeutic studies of neurodegeneration

Hiroyuki Katayama, Hiroshi Hama, Koji Nagasawa, Hiroshi Kurokawa, Mayu Sugiyama, Ryoko Ando, Masaaki Funata, Nobuyo Yoshida,
Misaki Homma, Takanori Nishimura, Megumu Takahashi, Yoko Ishida, Hiroyuki Hioki, Yoshiyuki Tsujihata, Atsushi Mlyawaki, “Visualizing
and modulating mitophagy for therapeutic studies of neurodegeneration”, Cell, 10.1016/j.cell.2020.04.025

2020/5/22 7 M IRIZEZEF — L / Attosecond Science Research Team

Intense attosecond X-rays in the “Water Window" region is generated-A major step forward in the
development of high-intensity attosecond lasers in the soft X-ray region-

Yuxi Fu*, Kotaro Nishimura*, Renzhi Shao, Akira Suda, Katsumi Midorikawa, Pengfei Lan, and Eiji J. Takahashi, “High efficiency ultrafast
water-window harmonic generation for single-shot soft X-ray spectroscopy”, Communications Physics, 10.1038/s42005-020-0355-x.

2020/6/2 TINIVY A A =T THIZEF — L / Terahertz Sensing and Imaging Research Team

Terahertz radiation can disrupt proteins in living cells

Yamazaki et al. (2020). Propagation of THz irradiation energy through aqueous layers: Demolition of actin filaments in living cells. Sci. Rep.
DOI: 10.1038/541598-020-65955-5

2020/6/12 HBEEDFEHRRZEF — L / Ultrafast Spectroscopy Research Team

Flapping Peryleneimide as a Fluorogenic Dye with High Photostability and Strong Visible-Light Absorption. -

Shohei Saito, Ryo Kimura, Hikaru Kuramochi, Pengpeng Liu, Takuya Yamakado, Atsuhiro Osuka, Tahei Tahara (2020). “Flapping
Peryleneimide as a Fluorogenic Dye with High Photostability and Strong Visible-Light Absorption”. Angewandte Chemie International
Edition, 59, 16430 (2020). DOI : 10.1002/anie.202006198
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2020/7/8 7 bR RFZEF — L / Attosecond Science Research Team

—— ..._l_-l mLe
Development of a new method for amplifying subcycle light-Ultrashort laser pulse that breaks the T
wavelength barrier- -

Yu-Chieh Lin, Yasuo Nabekawa, and Katsumi Midorikawa, “Optical parametric amplification of sub-cycle shortwave infrared pulses”,
Nature Communications, 10.1038/s41467-020-17247-9

2020/8/21 Seim L — 1 —ITHAZEF — L / Advanced Laser Processing Research Team

Attomolar Sensing Based on Liquid-Interface Assisted Surface Enhanced Raman Scattering in Microfluidic
Chip by Femtosecond Laser Processing

Shi Bai, Daniela Serien, Ying Ma, Kotaro Obata, Koji Sugioka, “Attomolar Sensing Based on Liquid-Interface Assisted Surface Enhanced
Raman Scattering in Microfluidic Chip by Femtosecond Laser Processing”, ACS Applied Materials & Interfaces, 10.1021/acsami.0c11322

2020/10/8 7 b RORLERFZEF — L / Attosecond Science Research Team

3MHz ultra-high-repetition high-order harmonic generation-Expected to novel application of 2-wavelength
extreme ultraviolet ultrashort pulsed light-huu
Natsuki Kanda, Tomohiro Imahoko, Koji Yoshida, Akihiro Tanabashi, A. Amani Eilanlou, Yasuo Nabekawa, Tetsumi Sumiyoshi,

Makoto Kuwata-Gonokami, and Katsumi Midorikawa, “Opening a new route to multiport coherent XUV sources via intracavity
high-order harmonic generation”, Light: Science & Applications, 10.1038/s41377-020-00405-5

2020/10/27 FIRNFEFFFETF — L / Ultrahigh Precision Optics Technology Team

i | g e

Application of Precise Neutron Focusing Mirror of Neutron Reflectometry — Latest Results and Future W
Prospects

Yamada, Norifumi L., Hosobata, Takuya., Nemoto, Fumiya., Hori, Koichiro., Hino, Masahiro., Izumi, Jun., Suzuki, Kota., Hirayama, Masaaki.,
Kanno, Ryoji., Yamagata, Yutaka., “Application of Precise Neutron Focusing Mirror of Neutron Reflectometry — Latest Results and Future
Prospects “, Journal of Applied Crystallography, vol.53, 6, 1462-1470. DOI: 10.1107/51600576720013059

2020/10/29 TINIVY A A =T THIZEF — L / Terahertz Sensing and Imaging Research Team

Plane photoacoustic wave generation in liquid water using irradiation of terahertz pulses

Masaaki Tsubouchi, Hiromichi Hoshina, Masaya Nagai & Goro Isoyama, “Plane photoacoustic wave generation in liquid water using
irradiation of terahertz pulses”, Scientific Reports volume 10, Article number: 18537 (2020)

2020/12/12 EHIRIRBARR A A — > J B F — L / Live Cell Super-Resolution Imaging Reseach Team

Ceramide chain length-dependent protein sorting into selective endoplasmic reticulum exit sites

Sofia Rodoriguez-Gallardo, Kazuo Kurokawa, Susana Sabido-Bozo, Alejandro Cortes-Gomez, Atsuko lkeda, Valeria Zoni, Auxiliadora
Aguilera-Romero, Ana Maria Perez-Linero, Sergio Lopez, Miho Waga, Misako Araki, Miyako Nakano, Howard Riezman, Kouichi Funato,
Stefano Vanni, Akihiko Nakano, and Manuel Muiiz, “Ceramide chain length-dependent protein sorting into selective endoplasmic
reticulum exit sites”, Science Advances, 10.1126/sciadv.aba8237




2021/2/2 ERIEHRANIERZSF — L /Image Processing Research Team

Distinction of surgically resected gastrointestinal stromal tumor by near-infrared hyperspectral imaging

Daiki Sato, Toshihiro Takamatsu, Masakazu Umezawa, Yuichi Kitagawa, Kosuke Maeda, Naoki Hosokawa, Kyohei Okubo,

Masao Kamimura, Tomohiro Kadota, Tetsuo Akimoto, Takahiro Kinoshita, Tomonori Yano, Takeshi Kuwata, Hiroaki lkematsu,
Hiroshi Takemura, Hideo Yokota & Kohei Soga, “Distinction of surgically resected gastrointestinal stromal tumor by near-infrared
hyperspectral imaging”, DOI : 10.1038/541598-020-79021-7

2021/2/8 TINIVYHRREF — e TINVYAR—=I DV THREF— L/
Tera-Photonics Research Team, Teraherz Sensing and Imaging Research Team

Dynamical visualization of anisotropic electromagnetic re-emissions from a single metal micro-helix
at THz frequencies

T. Notake, T. Iyoda, T. Arikawa, K. Tanaka, C. Otani, H. Minamide, Scientific Reports, “Dynamical visualization of anisotropic electromagnetic
re-emissions from a single metal micro-helix at THz frequencies”, 10.1038/s41598-020-80510-y

2021/2/9 HBEED FEHARFZEF — L / Ultrafast Spectroscopy Research Team

The water surface is a fantastic place for chemical reactions 2 S

Ryoji Kusaka, Satoshi Nihonyanagi, Tahei Tahara (2021). The photochemical reaction of phenol becomes ultrafast at the air-water interface.
Nat. Chem. doi: 10.1038/541557-020-00619-5

2021/2/26 ERIEHRANIEERZEF — L / Image Processing Research Team

Experimental pilot study for augmented reality enhanced elbow arthroscopy

Michiro Yamamoto, MD, PhD, Shintaro Oyama, MD, PhD, Syuto Otuka, Yukimi Murakami, PhD, Hideo Yokota, PhD, Hitoshi Hirata,
MD, PhD, DOI:10.1038/541598-021-84062-7

2021/3/1 ERIERIMIERIZEF — L / Image Processing Research Team

Hierarchical deep learning models using transfer learning for disease detection and classification based
on small number of medical images

Guangzhou An, Masahiro Akiba, Kazuko Omodaka, Toru Nakazawa and Hideo Yokota, “Hierarchical deep learning models using
transfer learning for disease detection and classification based on small number of medical images”, Scientific Reports,
10.1038/541598-021-83503-7

2021/3/26 EMBEBARER A A — >~ JHAZEF — L / Live Cell Super-Resolution Imaging Reseach Team

Cargo sorting zones in the trans-Golgi network visualized by super-resolution confocal live imaging
microscopy in plants

Yutaro Shimizu, Junpei Takagi, Emi Ito, Yoko Ito, Kazuo Ebine, Yamato Komatsu, Yumi Goto, Mayuko Sato, Kiminori Toyooka, Takashi Ueda,
Kazuo Kurokawa, Tomohiro Uemura, and Akihiko Nakano., “Cargo sorting zones in the trans-Golgi network visualized by super-resolution
confocal live imaging microscopy in plants”, Nature Communications, 10.1038/541467-021-22267-0
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November 2020 to January 2021

November 20, 2020

Prof. Kentaro INUI

(Team Leader of Natural Language Understanding Team, AIP, RIKEN)

“Natural Language Understanding and Assessment”

B

January 15, 2021

Prof. Hidemi SHIGEKAWA
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Prof. Kentaro INUI

Graduate School of Information Sciences, Tohoku University
Team Leader, Natural Language Understanding Team, AIP, RIKEN
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March 9th, 2021

(Faculty of Pure and Applied Sciences, University of Tsukuba)
“Laser-combined STM and its applications: new microscopy techniques for nanoscale science”
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Language: Japanese

- Online Seminar -

Date: January 15 (Fri) 16:00 - 17:00, 2021

Tite: Laser-combined STM and its applications:
new microscopy techniques
for nanoscale science
FEHESTMODBATE &G

Speaker: Prof. Hidemi SHIGEKAWA

Faculty of Pure and Applied Sciences
University of Tsukuba
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The 8th RAP Symposium entitled “Advanced Photonics” was held by ZOOM Online
on March 9th 2021.The symposium consisted of four special lectures by Dr. Hiroki
MASHIKO, NTT Basic Research Laboratories, Prof. Akira FURUSAWA, The University
of Tokyo, Prof. Mutsuko HATANO, Tokyo Institute of Technology, Prof. Yoshiyuki
TANAKA, The University of Tokyo, and 15 presentations by RAP members.
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Approximately 200 candidates were participated on the line.
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May 28, 2020

Young Fellow Award 2020 (The Japan Society of Mechanical Engineers) ./~ Yuta Shimane, Research Parttime Worker (Image
Processing Research Team)

June 10, 2020

Top downloaded of paper of Light : Science & Applications in in 2019 (Light: Science & applications) /* Koji Sugioka, Team
Leader (Advanced Laser Processing Research Team)

July 6,2020

Opto-Electronic Advances 2019-2020 Best Paper Award (Opto-Electronic Advances) /~ Koji Sugioka, Team Leader (Advanced
Laser Processing Research Team)

September 1, 2020

Special Thanks from Journal of Nuclear Science and Technology (Journal of Nuclear Science and Technology The Atomic Energy
Society of Japan) /” Yasuo Wakabayashi, Research Scientist (Neutron Beam Technology)

September 8, 2020

Out Standing Paper Award 2020 (The Japan Society of Applied Physics) /~ Hideki Hirayama, Team Leader (Terahertz Quantum
Device Research Team)

September 10, 2020

2019 IEEJ Electronics, Information and Systems Technical Meeting Best Presentation Award (IEEJ, The Institute of Electrical
Engineers of Japan) ./ Serien Daniela, Special Postdoctoral Researcher (Advanced Laser Processing Research Team)

September 16, 2020

the Takeda Prize for Medical Science (Takeda Science Foundation) ./~ Atsushi Miyawaki, Team Leader (Biotechnological Optics
Research Team)

September 18, 2020

Outstanding Paper Award of International Journal of Extreme Manufacturing in 2019 (IOP Publishing) ./ Koji Sugioka,
Team Leader (Advanced Laser Processing Research Team)
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October 1, 2020

Commemorative lectures of The Keio Medical Science Prize 2020 (Keio University Medical Science Fund) ,/* Atsushi Miyawaki,
Team Leader (Biotechnological Optics Research Team)

October 9, 2020

November 20, 2020

The best of young scientist award 2020 (Symposium on Frontier of Terahertz Science VII) (Terahertz Technology Form) ,/
Yuma Takida, Research Scientist (Tera-Photonics Research Team)

November 21, 2020

Research Encouragement Award (Miyagi Foundation for the Promotion of Industrial Science) /” Yuma Takida, Research Scientist
(Tera-Photonics Research Team)

December 11,2020

Micius Quantum Prize 2020 (The Micius Quantum Foundation) / Hidetoshi Katori, Team Leader (Space-Time Engineering
Research Team)

December 12,2020

The Best of Research Presentation on the 4th Symposium of Brain Interdisciplinary Research Division (Research Institute for
Science & Technology) / Yuta Shimane, Research Parttime Worker (Image Processing Research Team)

January 28, 2021

JSPS 11th IKUSHI Prize (Japan Society for the promotion of science) /* Shun Fujii, Postdoctoral Researcher (Ouantum
Optoelectronics Research Team)

March 1, 2021

Outstanding Paper Award of International Journal of Extreme Manufacturing in 2020 (IOP (Institute of Physics) Publishing)
Koji Sugioka, Team Leader (Advanced Laser Processing Research Team), Takuo Tanaka, Team Leader (Innovative Photon
Manipulation Research Team), Bikas Ranjan, Postdoctoral Researcher (Innovative Photon Manipulation Research Team)



March 8, 2021

The Excellent Study Award on 41th Annual Meeting of the Laser Society of Japan (The Laser Society of J apan) /* Takuya
Matsubara, Student Trainee (Attosecond Science Research Team)

March 10, 2021

Best Editor Award of International Journal of Extreme Manufacturing in 2020 (IOP (Institute of Physics) Publishing) /
Koji Sugioka, Team Leader (Advanced Laser Processing Research Team)

March 17, 2021

The Japan Academy Prize (The Japan Academy) /~ Atsushi Miyawaki, Team Leader (Biotechnological Optics Research Team)

March 18, 2021

Outstanding Paper Award of the Physical Society of Japan (the Physical Society of Japan) /* Toshihiko Kawai, Research Part-
time Worker | (Ultrahigh Precision Technology Team)

March 18, 2021

RIKEN EIHO Award (RIKEN)  Masao Takamoto, Senior Research Scientist, Ichiro Ushijima, Visiting Scientist, Noriaki Ohmae,
Visiting Scientist, Hidetoshi Kato, Team Leader (Space-Time Engineering Research Team)

March 18,2021

RIKEN BAIHO Award (RIKEN) ,/ Eiji Takahashi, Senior Research Scientist (Attosecond Science Research Team)

March 19, 2021

Excellent Paper Award (The 3rd International Conference Surface and Interface Fabrication Technologies (ICSIF))  Satoshi Wada,
Team Leader, Hajime Yasui, Technical Staff, Masaki Yumoto, Research Scientist, Takayo Ogawa, Research Scientist
(Photonics Control Technology Team)
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PHOTORECEPTOR PROTEINS

First responder to light revealed

The protein component of a light-sensitive molecule in bacteria reacts first to light

he sequence of changes that

light triggers in a bacterial
photoreceptor starts with its
protein scaffolding rather than
the light-absorbing chromo-
phore, an all-RIKEN team has
shown'. This finding goes against
conventional wisdom and sheds
new insight on how photo-
receptors can convert light into
chemical energy so efficiently.

Many bacteria use special
light-sensitive molecules known
as photoreceptor proteins to
turn light into chemical energy,
which they use to initiate various
biological functions.

Scientists have long wanted
to know how bacterial photo-
receptors are so efficient in
converting light. “One of the
fundamental questions is how
these biomolecules realize
such high-efficiency, low-
energy photoreactions,” says
Tahei Tahara. “This has been a
long-standing question.” One
motivation for uncovering the
mechanism of these photo-
receptors is that it could inform
efforts to develop artificial
versions of these molecules.

The most well-studied
bacterial photoreceptor, bacterio-
rhodopsin, contains a retinal
chromophore, which changes
shape when it absorbs a photon
of yellow light. This configura-
tion change sets off a series of
structural changes in bacterio-
rhodopsin that enables it to
pump protons.

Interestingly, when the retinal
chromophore of bacterio-
rhodopsin is placed in solution,
its light-conversion efficiency
is three times lower than when
it is nestled within the protein
structure of bacteriorhodopsin.
This clearly indicates that the

SPRING 2020

researcH HicHUGHTS [

RIKEN researchers have found that light (long red line) first causes the shape of the protein (purple twirls) to change before
the retinal chromophore (stick-like structure) in bacteriorhodopsin undergoes photoisomerization.

protein plays an important role
in aiding the conversion of light
into chemical energy.

The conformational change
of the retinal chromophore was
assumed to be the first response
of bacteriorhodopsin to light.
But Tahara and his co-workers at
the RIKEN Molecular Spectro-
scopy Laboratory and the RIKEN
Center for Advanced Photonics
have now discovered that there is
a step that precedes it—the protein
that cradles the retinal chromo-
phore first alters its shape in
response to light. This change in
the protein could help the retinal
chromophore use light efficiently.

The team took a spectroscopic
technique known as

femtosecond stimulated
Raman spectroscopy, which
can observe processes that
occur faster than a picosecond
(1 picosecond = 1072 seconds),
and extended it to the deep
ultraviolet region. This allowed
them to look at the protein
part of bacteriorhodopsin

(see image).

This discovery came as a
surprise to Tahara. “I didn’t
expect that the protein
would change shape before
chromophore isomerization, but
when I saw the experimental
results I thought “‘Wow, it’s
actually the case’,” he says. “It
was most surprising, and we
were very excited.”

While the team looked at
bacteriorhodopsin in this study,
they anticipate that the same
effect could well occur in other
rhodopsins. ®

Reference

1. Tahara, S., Kuramochi,
H., Takeuchi, S. &
Tahara, T. Protein
dynamics preceding
photoisomerization of
the retinal chromophore
in bacteriorhodopsin
revealed by deep-UV
femtosecond stimulated
Raman spectroscopy.
The Journal of Physical
Chemistry Letters 10,
5422-5427 (2019).
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EXCITONS

researcH HiGHLIGHTS [

When the dark side of nanotubes is good

The high conversion of dark to bright excitons in long carbon nanotubes can lead to more efficient

optoelectronic devices

T ailoring the dimensions
and other attributes of
carbon nanotubes can substan-
tially boost the amount of light
they emit, three physicists at
RIKEN have discovered'. This
finding promises to lead to the
development of highly efficient
photonic devices.

Carbon nanotubes are
tiny cylinders that are justa
nanometer to a few nanometers in
diameter but can be up to several
micrometers in length. Their
excellent electronic and mechani-
cal properties make them attrac-
tive for use in energy-efficient
devices. In particular, a defect in
the otherwise pure atomic carbon
structures of nanotubes can emit
single photons of light—a vital
component for many nanoscale
devices that are needed for
quantum computation and
communications.

In a typical light-emitting
device, laser light or an electric
field creates pairs of electrons
and holes known as excitons.
Sometime later, the electron and
hole recombine and the exciton
annihilates. Depending on the
symmetry of the exciton, annihi-
lation can result in the emission
of light or not.

About half of the created
excitons are bright, while
the other half are dark and
recombine without emitting
light. Some dark excitons can
become bright excitons and then
emit light on annihilation. But
carbon nanotubes tend to have
low light-emitting efficiencies,
mainly because dark excitons
often recombine before they
can turn into bright excitons
(see image).

SUMMER 2020

Schematic drawing showing a dark exciton converting into a bright exciton before emitting light. Three RIKEN physicists have
shown that the conversion rate of this process is higher in longer nanotubes.

Now, Yuichiro Kato and two
colleagues, all at the RIKEN
Nanoscale Quantum Photonics
Laboratory, have discovered that
by tailoring the specifications
of the nanotubes more than
half of the dark excitons can
be converted into bright ones,
thereby greatly enhancing the
light output of the nanotubes.

The researchers performed
time-resolved luminescence
measurements on a range of
carbon nanotubes. By fitting
the time-resolved luminescence
traces with a model, they found
that the conversion rate between

dark and bright excitons depends
on the length, diameter and
chirality of the nanotubes. The
trio estimated that in longer
nanotubes, the conversion rate
of dark to bright excitons was so
high that more than half of the
dark excitons contributed to the
total luminescence.

“This shows that dark
excitons can significantly affect
the emission kinetics in low-
dimensional materials such as
nanotubes,” says Kato. “They thus
point to the potential of using
surface interactions to engineer the
dark-to-bright conversion process.”

The team now intends to
explore the potential of harness-
ing this effect. “We are interested
in using this efficient conver-
sion process to achieve carbon-
nanotube single-photon emitters
that have better performance,”
says Kato. @

Reference

1. Ishii, A., Machiya, H.
& Kato, Y. K. High
efficiency dark-to-bright
exciton conversion
in carbon nanotubes.
Physical Review X 9,
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ATOMIC-LATTICE CLOCKS

Bringing space-based measurements down to earth

Two transportable clocks test relativity to an accuracy rivaling that of satellite-based measurements

IKEN physicists have

used Japan’s tallest tower
and two ultraprecise clocks to
measure the time dilation effect
predicted by Einstein’s theory of
general relativity'. This measure-
ment demonstrates the power
of transportable ultraprecise
clocks, which could find applica-
tion in probing the structures of
volcanoes.

Einstein hypothesized that the
gravitational field of a massive
object will warp space-time
and cause time to run slower.
Since the Earth’s gravitational
field gets weaker the further
you are from the center of the
Earth, a clock at the bottom of
a tall building should run ever
so slightly slower than one at
the top.

But because this difference is
minuscule, stringent testing of
the theory of relativity requires
either extremely precise clocks or
alarge difference in altitude. The
best measurements in the labora-
tory have involved large, complex
clocks such as the optical lattice
clocks developed by the RIKEN
group, which can measure
height differences of around a
centimeter. Measurements using
satellites whose altitudes differ
by thousands of kilometers have
attained an even higher accuracy.

Now, a team led by Hidetoshi
Katori of the RIKEN Center
for Advanced Photonics has
developed transportable optical
lattice clocks that could precisely
test general relativity, but by
using Tokyo Skytree rather than
satellites. They placed one clock
at the base of the tower and one
on the observation deck, which
is 450 meters above street level.
The measurements validated

20

The tallest tower in Japan, Tokyo Skytree looms over its surroundings. RIKEN physicists have used it and two transportable
ultraprecise clocks to test the accuracy of Einstein’s theory of general relativity to a precision comparable to that obtained

using satellites orbiting the Earth.

Learn more about
the experiment
and atomic clocks
on page 32.

Einstein’s theory to a precision
comparable to the best space-
based measurements.

The ultimate purpose,
however, was not to prove or
disprove Einstein. “We wanted
to demonstrate that we could
conduct these accurate meas-
urements anywhere outside
the laboratory, with transport-
able devices,” says Katori.

“Ultraprecise clocks can dis-
tinguish small differences in
altitude, allowing us to measure
ground swelling in places such as
active volcanoes or crustal defor-
mation, or to define the reference
for height. This is the first step
toward making ultraprecise
clocks into real-world devices.”
The key was to miniatur-
ize the laboratory-sized clocks
into transportable devices and
to make them insensitive to
environmental noise such as
temperature changes, vibrations
and electromagnetic fields. Each
clock was enclosed in a magnetic-
shield box, around 60 centimeters
on each side, while the various
lasers and electronic controllers

were housed in two rack-mount-
able boxes. The two clocks were
connected by an optical fiber to
measure the beat note.

The team plans to compare
clocks hundreds of kilometers
apart to monitor the long-term
uplift and depression of the
ground, a potential application of
ultraprecise clocks. ®
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THE TEST OF TIME

RIKEN researchers and their collaborators have developed two transportable hyper-
accurate clocks. By placing one in the Tokyo Skytree tower roughly 450m above ground
and the other at ground level, the researchers were able to demonstrate Einstein’s theory
of general relativity. This theory suggests that a warping of time-space caused by the
gravity of a massive object, in this case Earth, causes time to run slightly more slowly
close to the ground than high above it. While satellites have demonstrated this effect
before, the new portable clocks may have other very practical uses (see A stitch in time).

LASER PRECISION

These hyper-accurate clocks are called

optical lattice clocks. It would take more than the
age of the Universe for one to become out by
half a second. To measure time, strontium atoms
released by a beam oven (1) are decelerated by a
laser (2). The atoms are then cooled by different
lasers (blue arrows, 3) and trapped in an optical
lattice formed by two further lasers (red arrows,
4). The atoms (blue dot) are transported (5) to

a radiation shield (6), which protects the atoms
from thermal radiation. Yet another laser excites
transitions in the atoms (7). The frequency of
these transitions is the ‘tick’ of the clock.

A STITCH IN TIME

The slope of a volcanic mountain is
often slightly lifted when magma fills
the chamber beneath it. This makes
an optical lattice clock placed on the
outerside of a volcano tick measurably
faster. Currently, volcanic activity is
monitored using satellite systems and
instruments that respond to ground
motion, called seismometers. A
network of local optical lattice clocks
could provide additional information on
the rate and level of volcanic activity.

Clock chamber/
magnetic shield
box (60cm on
each side)

IT TAKES TWO

The two miniaturized versions of laboratory-sized
clocks (see above) were enclosed in a magnetic-
shield box to protect lattice-trapped atoms

from environmental magnetic fields. They were
connected by an optical fiber to measure the dif-
ference in tick rate between them. Scientists also
independently evaluated the height difference
between the clocks.

THE FINER DETAILS OF FUNDAMENTAL PHYSICS

This work is part of a new collaboration, the Max Planck-RIKEN-Physikalisch-Technische Bundesanstalt
Center for Time, Constants and Fundamental Symmetries. Launched in 2019, the center supports scien-
tists working on leading questions in fundamental physics that require high-level precision, including work
on the constancy over time of natural constants and subtle differences between matter and antimatter.
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TERAHERTZ RADIATION

Radiation hinders protein filaments from forming

Terahertz radiation turns out to be more disruptive to living cells than previously thought

ontrary to conventional

belief, terahertz radiation
can disrupt proteins in living
cells, physicists at RIKEN have
discovered'. This finding raises
both the possibility of using
terahertz radiation to treat
cancer and safety concerns
regarding its use in other
applications.

Terahertz electromagnetic
radiation is more energetic than
microwaves but less energetic
than infrared light. Because it
does not damage DNA in the
same way that x-rays do, it is
being explored for use in various
applications including baggage
inspection at airports.

While terahertz radiation
has generally been considered
safe for tissue, recent studies
have found that it may directly
affect DNA. But because it
does not penetrate tissue much,
this would only affect cells
on the surface skin. However,
it is not known whether
terahertz radiation affects
biological tissues even after it
has been stopped, through the
propagation of energy waves into
the tissue.

Shota Yamazaki of the RIKEN
Center for Advanced Photonics
and co-workers recently
discovered that the energy from
visible light can enter water as a
shockwave. The team decided to
investigate whether terahertz light
has a similar effect on tissue.

They investigated the effect of
terahertz radiation on a protein
called actin—a key element
that provides structure to living
cells. It can exist in two forms,
globular and filamentous actin,
which have different structures
and functions. As their names

24

Immunofluorescence light micrograph of pulmonary endothelial cells in the lungs. Actin filaments, which are major
components of the cytoskeleton, are gray. RIKEN researchers have shown that terahertz radiation can prevent globular actin
from forming chains and becoming filamentous actin in living cells.

suggest, globular actin is
compact, whereas filamentous
actin is made up of long
protein chains.

Using fluorescence
microscopy, the team found
that terahertz radiation reduced
the lengths of actin filaments
growing in an aqueous solution
of actin. This indicated that
terahertz radiation was somehow
preventing the globular actin
from forming chains and
becoming filamentous actin.

Since the temperature rise
caused by the terahertz radiation
was too small to induce this kind
of change, the team concluded

it was most likely caused by a
shockwave. To test this, they
performed experiments in
living cells and found that the
formation of actin filaments
was also disrupted in the cells.
However, there was no sign that
the radiation caused cells to die.
“It was quite interesting
for us to see that terahertz
radiation can have an effect on
proteins inside cells without
killing the cells themselves,”
says Shota Yamazaki. “We will
be interested in looking for
potential applications in cancer
and other diseases. Terahertz
radiation is coming into a

variety of applications today,
and it is important to come to a
full understanding of its effect
on biological tissues, both to
gauge any risks and to look for
potential applications.” @
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MITOPHAGY
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Detecting the death of decrepit mitochondria

A probe that works in both live and fixed cells can give key insights into neurodegenerative disorders

versatile probe that can

detect with pinpoint
accuracy the programmed
destruction of defective mito-
chondria—the powerhouses of
cells—has been developed by
RIKEN researchers'. They used it
to show that damaged mitochon-
dria in dopamine-producing
neurons fail to be destroyed in
mice with a condition resem-
bling Parkinson’s disease.

Mitochondria are organelles
that generate most of the chemical
energy our cells need to function.
But when cells are stressed, mito-
chondria can malfunction and
produce highly reactive oxygen
radicals, which damage cells.
Thus, cells routinely weed out and
destroy defective mitochondria
by assigning them to lysosomes,
which function as the waste-
disposal system of cells, breaking
down unwanted components.

If this selective elimination of
dysfunctional mitochondria—
known as mitophagy—fails,
it can lead to various diseases.
There is thus much interest in
monitoring mitophagy in cells.

Fluorescent probes have
been developed that can detect
mitophagy. But some can only be
used in living cells, while others
are vulnerable to destructive
processes that do not involve
lysosomes.

Now, Atsushi Miyawaki of the
RIKEN Center for Brain Science
and co-workers have developed
anew fluorescent probe that can
be used in both living and fixed
cells and is highlighted specifi-
cally in lysosomes.

Their probe contains two
parts: one that can withstand
the enzymes in the lysosome
and another that is destroyed

WINTER 2020

Colored transmission electron micrograph of a single mitochondrion in a human pancreas cell. RIKEN researchers have
developed a fluorescent probe that can detect the programmed death of defective mitochondria in the lysosomes.

by them. Thus, by monitoring
the color of the probe’s fluo-
rescence, the researchers could
detect when a mitochondrion
had entered a lysosome. Unlike
their previous mitophagy probe,
the new probe is sensitive to the
degrading enzymes in lysosomes
and acidity, so it works even in
fixed cells where lysosomes are
no longer acidic.

The team used the probe
to investigate Parkinson’s
disease—a neurodegenerative
disease that causes shaking,
muscle stiffness and progressive
difficulties with movement.

Using a mouse model of
Parkinson’s disease, the research-
ers found that neurons that
produced the neurotransmitter

dopamine failed to eliminate
defective mitochondria, but other
neurons that did not produce
dopamine did. Since Parkinson’s
disease is characterized by a
dopamine deficiency in the brain,
this suggests that the inability of
dopamine-producing neurons to
perform mitophagy could be a
major factor in the disease.

By collaborating with research-
ers from the pharmaceutical
company Takeda, Miyawaki’s
team identified a compound
that can induce the destruction
of damaged mitochondria. Such
compounds could help to treat
Parkinson’s disease in the future.

The probe is promising for
advancing research into other
diseases. “Since many other

neurodegenerative disorders
involve mitophagy, our probe
can contribute to their study,”
says Miyawaki. “Furthermore,
diseases in other organs involve
oxidative stress and hence
mitophagy. We're currently
using our probe to look at heart
disease.” @
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Pulses that are short on time, but high on energy

Ultrashort, energetic pulses can now be generated by combining three highly controlled pulses

way to reliably produce
x-ray pulses that are
both incredibly short and
have high energies has been
demonstrated by physicists
at RIKEN'. This will allow
researchers to investigate ultra-
short phenomena that involve
multiple photons.

It is hard to appreciate how
short an attosecond is. Each
second is made up of a quin-
tillion (10%) attoseconds; the
equivalent number of seconds
would be more than twice the

current age of the Universe. Light

can travel from the Earth to the
Moon in about 1.25 seconds, but
it covers a mere 0.3 nanometers

in an attosecond.

When scientists produced
laser pulses on the timescale of
several hundred attoseconds in
2001, they opened up new vistas
to researchers. In particular, it
became possible to probe and
control the motion of electrons
in molecules.

Pulse durations have dropped
to a few tens of attoseconds
today, but one limitation is that
the pulses have low energies.
Producing more-energetic
attosecond pulses will allow
researchers to explore nonlinear
phenomena that involve two or
more photons.

Now, Eiji Takahashi of the
RIKEN Center for Advanced
Photonics and his co-workers
have produced high-energy
pulses in the attosecond regime.

“To the best of our knowledge,
the combination of the
240-nanojoule energy and
170-attosecond duration of our
isolated attosecond pulses rep-
resents a new record for studies
using synthesizers or other

WINTER 2020

In a fluorescence microscopy experiment (shown here), white light is split into its component colors. RIKEN scientists
have done the reverse—they have combined three laser pulses of different wavelengths using a high-energy waveform
synthesizer to generate high-energy pulses in the attosecond regime.

techniques. Moreover, despite
being an attosecond pulse, its
peak power exceeds a gigawatt,”
says Takahashi.

The team produced these
pulses by combining, or synthe-
sizing, three pulses with wave-
lengths ranging from red light
to infrared light. Importantly,
they were able to achieve precise
control over the timing and shape
of these pulses, allowing the team
to both optimize and accurately
reproduce them. The researchers
then used the combined pulse
to produce an attosecond pulse
using a nonlinear process known
as high-order harmonic genera-
tion in argon gas.

To realize the stability they
needed, the team developed
a stabilized, high-energy
amplifier for driving their
synthesizer. This high-energy
laser amplifier stretches a pulse
in duration, amplifies it, and
then compresses it with actively
stabilizing carrier-envelope
phases. “The development of
this amplifier was one of the
key achievements in this study,”
says Takahashi.

The team anticipates that their
method will accelerate research
in the attosecond regime. In
particular, it will be useful for
probing electrons using atto-
second spectroscopy. “We're

convinced our method will pave
the way to realize nonlinear atto-
second-science experiments in
the near future,” says Takahashi.
“This will certainly catalyze
research on ultrafast phenomena
and nonlinear optics.” @
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Hidden m-hydrogen bonded OH ...

.. of water at negatively charged hydrophobic interfaces was revealed by two-
dimensional heterodyne-detected vibrational sum-frequency generation (HD-VSFG)
spectroscopy. In their Research Article on page 9498, T. Tahara and co-workers show
that the sign of the interfacial charge governs the structure and dynamics of water
molecules facing the hydrophobic region. The picture illustrates 2D spectra tracking
femtosecond hydrogen-bond dynamics of water at charged hydrophobic interfaces. Wl L E Y'VC H

ERESFAIENSE John Wiley & Sons, Inc.
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Intermolecular bond formations ...

.. among Pt atoms in oligomers of Pt complexes are induced by photo-irradiation.
Femtosecond time-resolved absorption measurements for aqueous solutions of
K,[Pt(CN),] recorded clear oscillations of transient absorption in the first few
picoseconds with complex dynamics. The oscillations arise from the Pt—Pt stretch
motions of the S; trimer and S, tetramer. Analysis of the oscillations provides clear

assignments of the oligomers, as described by M. Iwamura, T. Tahara, and co-workers in
their Research Article on page 23154. WI L E Y'VC H

EEEFAEUSE  John Wiley & Sons, Inc.
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